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“Electrical Enginee ring ^* 


E ven before you opened this issue of the 
monthly publication of the Institute you 
noticed a change. As you proceed through 
the pages you may sense more departures from 
the Journal” of the last few years. 

A part of an evolutionary scheme to 

enlarge the value of the Institute to every 
member regardless of age, location, responsibility, 
interest in the held of electrical engineering or in 
ite professional significance. To bring the engi¬ 
neer to the Institute obviously is too costly in 
time and money; therefore, every effort is being 
made to bring the Institute to its members. 
Toward this end some years ago Sections were 
instituted and more recently District meetings 
were promoted to decentralize activities and render 
the national atmosphere frequently accessible to 
members everywhere. Now, as a next step, the 
monthly publication revises its format, and essays 
to interpret the latest technical developments and 
other matters of professional interest more in 
accord with the broad requirements of the whole 
membership. 

IF these changes arouse in you a happy appre- 
I ciation you surely will want to impart it to 
some hesitating applicant. Or, you could help 
the editor by telling him. In fact, why not tell 
hina anyhow? This is your Journal and you have 
that privilege and duty. 



T his, the first issue of ELECTRICAL 
ENGINEERING, marks another impor¬ 
tant step in the development of the 
American Institute of Electrical Engineers. Under 
this new and more appropriate title, the successor 
of the Journal of the A. I. E. E, will be pub¬ 
lished monthly^ the official organ of the Institute, 
but with a much broader scope. 

^HE survey made during the p^t two years 
A by the Publication Committee, under the able 
chairmanship of Mr. W. S. Gorsuch, clearly indi¬ 
cated a very general demand that the Instibjte 
continue to publish a hi^-grade electrical engi¬ 
neering periodical including, however, not only 
engineering arid scientific papers and discussions 


presented at the various Institute meeting, but 
also much additional matter reflecting current 
progress in the art of electrical engineering. 

/^RIGINAL papers on theoretical or experi- 
' mental investigations, important inventions, 
discoveries and developments in the fields of 
electrical engineering and the related sciences, 
will continue to constitute' the major portion of 
the contents. The high standard that always has 
been maintained in the Institute’s publications 
will be continued. Based upon the constructive 
work of the past, the broadened scope of the pub¬ 
lication is a logical step in the evolution of the 
Institute, the purpose being to supply, information 
that will enable the individual engineer to keep 
more fully informed of recent developments in 
the theory and practise of all branches of electrical 
engineering. 

pLECTRICAL ENGINEERING will reflect 
A-* the steadily increasing part that the applica¬ 
tions of electricity are taking in our modern 
civilization. More attention will be given to the 
effects of engineering upon human relationships; 
in particular, the influence of electrical engineering 
in the fields of sociology, economics, and other 
social sciences. 

T he ability of the leaders in the engineering 
profession, for effective collective effort, has 
been developed to a large extent by their activities 
in the Institute and in similar organizations. 
ELECTRICAL ENGINEERING is one of the 
instruments established by the Institute for the 
exchange of ideas, and it affords the individual 
engineer opportunity to contribute items of interest 
and value from his experience for publication in 
exchange for the ideas which ‘ he receives from 
other contributors. 

T HEREFORE, the Publication Committee and 
the editorial staff will be glad to consider 
contributions similar in scope to those published 
in this issue, in which a beginryng has been made 
in the direction indicated. It is expected that the 
future issues will constifute, e-ven more fully than 
the monthly ‘'Journal’' has in*»ie past, an authori¬ 
tative history of developments in the electrical 
engineering art and the related sciences, which 
together constitute the basis for evolution in the 
electrical industry. 




Automobiles vs. Railw;ays 
for Urban Transportation 

Electric power In urban transporta¬ 


tion presents an opportunity and a 
challenge to the electrical engineer that 
is emphasized more strongly as street 
congestion grows worse in all centers 
of population. Tremendous public 
expenditures are being made for street 
improvement, but will that afford 
economical transportation? 

By Charles Gordon 

Managing Director, 

American Electric Railway Assoclatiou 

F undamental to ^i industrial 

progress lies progr^ in trans¬ 
portation. Only as man has suc¬ 
ceeded in overcoming the limitations of distance 
and time has he moved forward in mastering his en¬ 
vironment. When man learned how to substitute 
energy derived from wood and coal for that of beasts and 
of his own body, the first extended commercial applica¬ 
tions of the new power were made to transportation. 
Since then, the development of each new form of power 
has resulted largely from the dominating importance of 
the need for transportation improvement. It is quite 
natural, therefore, that the fiercest battles for achieve¬ 
ment and for survival of the fittest among the vanguard 
of mechanical, electrical and automotive engineere are 
still being waged in the field of tran^ortation. 

Man first applied the magic of steam to make the 
railroad and the steamship. With them he took his 
first great step in the mastery of distance and time. 
Improved transportation permitted rapid growth of 
industrial and^commepdal centers which were required 
when steam-drivCTi machinery in turn replaced hand¬ 
craft.^ In consilience of these two developments, <avi- 
lizationiexperieneed an industrial revolution. 

Steam power has enhanced the economic importance 
of cities. Increating numbers of people were drawn by 
econonoic forces to rapidly growing industnal a-nd com- 
m^al centers. Therein was bom a new need—the 
need for improved loc^ transportation within these 
urban areas. For a time animai power was sufiicient 
for the purpose, but as population and the areas of dties 
grew there was need for something more efficient <:han 
mihnal power; and without the smoke and other limita¬ 
tions of steam. That need stimulated the development 

- An aaOrm dflJlvered at tbe A. 1. E. E. Southern IXlstrlct Meettng, 
Loulavflle, ny^B^IOT. 19, 1980, under the title “Electric Power tn Urban 
"Tnattportatton.’* , 
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A 1930 model stteet car. Designed for comfort 
and high speed, it is a most efficient user of 
street space 


of electric motive power and its firat major application. 
Local transportation in cities offered early electrical 
men a most important commercial opportunity’'; it 
stimulated the development of generating, motor, and 
control equipment. Subsequently, as had occurred wfth 
steam, transportation shared with other uses its position 
as the major field for application of the new power. 

It seems particularly significant to electrical engineers 
today, as an indication of the rate at which we are 
moving, that the history of electric power is encom¬ 
passed within the lifetimes of two men whose names 
stand out in its early development. Sprague/* who 
built what is counted "the first commercially successful 
electric railway line, and Edison, who after conducting 
early experiments in lighting and transportation con¬ 
centrated upon applying tiectricity to light the \ 5 (orld, 
have both b§4n permitted by kind Providence to live to 
see the marvelous achievements of their early struggles. 

Tn the transportation field, for people Who were 
content to travel collectively, steanj, and blectritity 
reigned supreme. But the horse has survived and has 
continued for many years to serve those who required 
individual ixansportation or desire exclusiveness. The 
ind'ustrial age opened as a utilitarian age. Transporta¬ 
tion men concentrated upon utility and efficiency, when 
the horseless carriage firet appeared upon city streets 
they ^ve it barely passing attention. They failed to 
recognize its significance as marking the introduction of 
a new form of power—^the internal combustion engine— 
applied to individual transportation. But within three 
dec^es, the automotive vehicle has so stimulatecl the 
desire for indi-vidual convenience, speed, and luxury in 
travel that it congests the streets of our cities and 
spreads out over the Ismd on a gigantic system of high¬ 
ways built by the public to make its use possible. 
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Again, the mtroductidn of a new form of power made will be replaced by the internal cornbrntm 
for new standards of t^sportafionJ • Again, far-reach- In this examination we shall need to concern ^ 
ing social and economic changes result. •Starting with as much with economics as with engineerinff f 
the individual vehicle, the automotive engineer has cut the scale of economies that the achievement ^ -f 
the ti^ that bound man to earth and now carries him engineer must be weighed and finally judged ^ ^ 

tough the air. And while he pushes rapidly forward Before proceeding, one additional thoiiffht 
these achievements he also challenges •the mechanical worthy of mention here; just as the automotive enOTneer 
Md el^tricaJ engineer in a field of collective travel. He took to the air to make further conquests of soa^ antf 
h^ plunged into the tonsportation power battle both time in transportation, so did the electrical engineer 
within ^d between dries, and contests at many points make new conquests through the air in the fidd of 
the reign of steam and electric power, onland and on sea. communications. In these respective fields each reigns 
So spectacular and rapid has been the progress made supreme and each one records almost daily achieve- 
qy automotive power that laymen and many engineers ments which whet our imaginations in an" effort to 
^ w^ are inclined to write off electric transportation foresee man's next step to master his environment. It 
Hi «itie^aIong with the horse-car. And although they is not surprising, therefore, that the eyes and the minds 
do not go quite so far as to relegate the railroad to the of electrical engineers, as well as of the public at large 
•limbo of the stage coach, there is a strong tendency to have been diverted from the relatively unspectacular 
assume that the internal combustion engine on the field of urban transportation which gave elecMc oower 
highway will rapidly decrease the field of usefulness of its early impetus. 

the steam engine on rails. In the early stages of rail- Though not so spectacular and thei-efore less in the 
ro^ electrification there w^ a similar tendency in the public eye, transportation facilities within urban areas 
minds of enthusiasts to consign the steam locomotive to lie at the very heart of our modern economic system, 
the scrap heap; nevmtheless, locomotive designers met for these are points of concentration for our vast indus^ 
the advance of electric power and have given way to it trial and commercial machinery. Without adequate 
only in hi^^enaty terminal areas and under the and efficient elevators the modem skyso^per would be 
spmah conditions presented by steep mountain grades, impossible. Without an adequate circulatory system. 
With these exceptions the steam locomotive continues the whole urban area in which the skyscraper and the 
to dominate long haul transportation. factory, the apartment building and the department 

It seems particularly timely, therefore, that electrical store are merely units, would cease to function; for the 
engineers examine a little more closely the problem of economic existence of these areas is dependent upon the 
tiansportation in urban areas where the great electiical travel facilities by which people may move conveniently 
industry had its origin barely fifty years ago; and where, between home and office, factory and store. In large 
in turn, predictions are freely made that electric power measure, the economic height of the skyscraper is 



Typical scene at the New York entrance to the Holland Tunnel under the Hudson River. A sin4l& 
track of street cars operating with seated loads would more than double the passenger capacity 

January’1^31 


determined on one hand by land values, and on the 
other, by problems involved in providing vertical 
transportation. So also physical arrangement of cities 
as a whole, and the economic location and character of 
property development, are determined by land values 
and the facilities for horizontal transportation. 

^ In every large city the demand for street space far 
oxceeds the supply; in congested areas it is obviously 
impossible for all who would do so to move by individual 
vehicle. How then shall the need be met? Will it be 
by the construction of two, three, four or even more, 
levels of streets as some suggest? And if so, will these 
be for gasoline-propelled vehicles operating on pave¬ 
ments, or for electrically-propelled vehicles operating 
on rails? 

There is little question as to the public’s preference at 



Efficient local transportation is vital to the 
modern economic system. This loading terminal 
expedites traffic at a Detroit industrial plant 


the present time. While the electrical engineer has 
been concentrating upon utility and efficiency with 
‘little regard for mental and esthetic values, the auto¬ 
motive engineer has been directing his attention to 
speed, attractiveness, and even luxury in the design 
vehicles. The result was natural and inevitable; it 
vetifi^ an ages-old pfineiple that the price which man¬ 
kind is willing to pay to achieve a desire is measured by 
the intensity of tfie desire and his ability to make 
whate«er sacrifice is necessary to achieve it. The 
automotive engineer sensed the importance of the desire 
lor speed, comfort and luxury in travel, and concen¬ 
trated upon meeting As a result the public likes 
and waaits the automobile and will not be deterred by 
cost alone from providing fadlfties for its use. 

The prediction then^hat we shall build our dties of 
the future for automotive travel regardless of cost is 
sound in so far as it assumes that cost is secondary to 
popular desire. But in the light of facts it assumes that 
•there is no limit to the price which the public is willing 
or able to pay to ride by automobile. It is not so much 
the cost ip in^iividual to which attention should be 
ducted—nigh as that may be—^but the relative costs 
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to the community^ of travel by electrically propelled 
transit facilities ani^individual automobiles. 

By considering the relative passenger capacity of 
roadways for individual vehicles as compared with the 
capacity of collective transportation facilities the mag¬ 
nitude of this problem may be grasped readily. Under 
extraordinary conditions, the maximum practicable 
capacity of a single lane of motor vehicles is approxi¬ 
mately 1,800 vehicles per hour; this on the assumption 
of uninterrupted flow of passenger automobiles only, 
free from interference by cross traffic. For calculating 
traffic capacity of a street free of all crossing inter- 
ference, the figure is high .rather than low, and would 
represent a condition of congestion which woufid be 
neither convenient nor satisfactory to the opei^torsi oj? 
vehicles. For example, the maximum recordect traffic 
flow through the Holland Tunnel under the Hudson' 
River between Jersey City and New York City 
occurring on May 30,1930 was 1,253 vehicles per single 
lane. The ultimate capacity of the tunnel in two lanes 
is computed as 1,270 automobiles per lane per hour. 
For calculating highway capacities, let us use the figure 
of 1,500 vehicles per lane per hour/or a highway with no 
grade crossings, which would represent the practical 
maximum at satisfactory speeds. Likewise, careful 
analysis of traffic checks taken under a wide variety of 
conditions indicates that approximately 900 vehicles 
per single lane per hour is a fair average for calculating* 
the maximum practicable capacity of a single lane on a 
major arterial street or highway subject to normal inter¬ 
ruption of cross traffic. 

The above capacities apply only to a single lane; but 
roadways are not ordinarily single lanes, but consist of 
several lanes on which traffic weaves from lane to lane, 
reducing the capacity per lane as the width of the street 
increases. Though the exact effect of this factor of 
weaving upon multiple-lane highway capacity cannot be 
accurately measured, it can be fairly approximated and 
the figures below give the results to be expected under 
average cofiditions: 


REI/ATtVE CAPACITY OP MULTI-LANB 
STREETS IN COMPARISON WITH 
BINGLE-LANB 


Number of lanes 
in one direction 

Efficiency per lane in 
per cent of single lane 

1. 


2.. 

. 

....89 

3.. 

...... 79 ■ 

4..‘:__ 

. • 7n 

6. 



The capacity of roadways of variwis widths is, there¬ 
fore, readily deteimnable, calcula,tion being possible 
under three conditions: Ffrst, express movement on a 
roadway with no grade crossings and no stopping; 
second, on a roadway such as a dty boulevard subject 
to ^ade-crossing interference, but with parking pro¬ 
hibited; and third, a roadway witti normal grade¬ 
crossing interference and with the further reduction 
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MAXIMUM PRAOTIOAL OAPAOITy PBB HOUR OP ROADWAYS UNDER TYPICAL CONDITIONS 


No Oradd Crossings—^No Stepping 
Pertnitted 


City Boulevard with Grade Crossings- 
Parking ProlUblted 


City Street with Grad Crosslngs- 
Parking Permitted 


Roadway Width 
In one Direction 


Number of 
Moving 
Lanes 


Vehicles 

per 

Hour 


Number of 
Moving 
Lanes 


Vehicles 

per 

Hour 


Number of 
Moving 
Lanes 


Veliicles 

per 

Hour 


•...^.2,(r50 (a).....2.. 1,200.:. 1 . 750 

»...^..3.'.1.800. 2.1,460 

- ...^ . .4,200. .4.. .2,200.3.2,000 _ 

(a) New Jersey State Highway Department estimates 2,400 cars per hour imder similar conditions on the elevated express highway of Route No. 25. 


in capacity from stopping and poking along the curb. 
Th^ capacities are shown above. 

In the last two columns of the foregoing tabulation 
parkihg necessarily eliminates completely the use of one 
fene;' i^also, due to the interference of vehicles moving 
to and^from the curb, reduces the capacity of the lane 
nearest the parked lane. Under the conditions of 
capacity volume and one-hour parking regulations, 
it is safe to estimate that cars moving to and^ from the 
curb will reduce by at least 20 per cent fhe normal 
ca,pacity of the lane next adjacent. 

We are now in position to measure the passenger. 
^padty of these typical roadways; observations made 
in a number of cities indicate that use of automobiles in 
city travel result in an av^ge loading per vehicle of 
approximately 1.7 passengers. Consequently, in cal¬ 
culating the travel capacity of roadways in cities for 
individual vehicles it is safe to assume that the loading 
per vehicle will vary little from that indicated by these 
observations which represent averages over a consid^- 
able period in niany locations. 

For purposes of comparison, the capadties of elec- 
tricalljr-propelled travel fadlities in dties are readily 
determinable. A single track on an ordinary major 
city street—assuming conventional street cars, ap¬ 
proximately 48 ft. long seating 60 passengers—has 
a maximum capacity of about 180 cars per hour. 
Through congested areas in some cities a number 
greatej than this is actually being moved over a single 
track, but Ho insure satisfactory speed k* maximum 
cap^ty of 160 cars per hour will be assumed. Thus, 
a single track on the surface of a conventional street 
will move 9*000 segjted passengers per Aowr—considerably 
njore than the number of people traveling in automo¬ 
biles .on a grade-separated, devoted highway with four 
express lanes in one direction. Putting this in another 
way, the passenger capadty of a single track of conven- 
tiond street cars, carrying only s. seated load and 
running on. a main business street subject to ctoss 
traffic interference, is more tiian twice the observed ' 
maximum throughHhe present Holland Tunnel under 
the Hudson. 

Furthermore, if two such tracks are located in the 
center of an ordinary 60-ft. roadway with parking pro¬ 
hibited, approximately 1,000 automobiles per hour may 
move through this street in each direction, thus making 
the capadty of such an ordinary 60-ft. city street, 
subject to cross Iraffic interference and with street cars 
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carrying only a seated load, two and one-half times the 
passenger capadty of the Holland Tunnel. If we 
remove the street cars and turn over such a 60-ft. road¬ 
way exclusively to automobiles, continuing to exclude 
parking, it will require in addition to the old street, two 
and one-half new boulevards of the same width to move 
the same numba: of people. 

In these comparisons, bear in mind that street cars 
are assumed to carry seated loads only, and highway 
lanes are assumed to carry the maximmn number of 
automobiles that can move at approximately satisfac¬ 
tory speed. . 

The future use of electrically-propelled public trans¬ 
portation facilities in cities will be determined by the 
extent to which they can approximate automobile 
standards of comfort while retaining the substantial 
advantage of great economy in space requirements. 
It has therefore been assumed that in comparing the 
space requirements of an adequately developed public 
transportation system with a highway system for 
automobiles every passenger is an ideal standard of 
comfort. 

When the growth of a city and consequent density 
of travel requires the construction of additional facilities 
above or below the present street surface, the commu¬ 
nity has the alternative of designing these facilities for 
collective travel in electrically-propelled vehicles on 
rails, or for individual travel in automobiles. It is’ 
iniportant therefore to examine the relative carrying 
capacity of these two alternative forms of construction: 
Here, the community iscalled upon to-provide new facili¬ 
ties for its circulatory system; uqder given conditions 
of travel density the number of new grade-separated 
arteries required, whether overhead or underground, 
will be determined by their passenger carrying capa&ty, 
established in turn by the decision as to whether they are 
to be equipped with roadways for automotive vehicles 
dr with rails for electrically-prop^led cars or trains. 

One four-track subway, of 5,6-ft.. excavated width and 
carrying two repress and‘two local tracks'like the New 
York subways has an ultimate Capacity of 36 ten-car 
express trains per hour on a sngle express track and 
requires 30 six-car local trains on the adjoining track 
for intermediate station transfer travel: Assuming 
only a^ seated load per express train and corresponding * 
conditions in local trains, such a four-track ssrstem will 
readily move approximately 47,000 people p,er hour in 
each direction.. To permit these people fip move by 
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automobile, assuming that they could afford to do so, 
the co mmunit y would have to provide approximately 
10 elevated or underground highways of corresponding 
width. Here again, the capacity of electric trains is 
calculated on a, seated basis only. It would require at 
least 20 tunnels or elevated highways of equal width 
to carry in automobiles the people actually transported 
at present standards of loading on one four-track line of 
subway in New York. 

. the growing problem of traffic congestion in 

cities it seems hardly conceivable that the enormous 
economic advantage of collective tran^mrtation by 
electric power will not be utilized to a much greater 
degree in the futiue than at present. It is true that a 
much higher standard of convenience and comfort 
for collective transit facilities is necessary, but com¬ 
pared with co mm u ni ty cost of reb uil din g our cities 
for automobile travel, the economic advantage lies 


all vdth electric i>o;werJn urban meas of high travel 
density. « " . 

May it be 'suggested therefor^ that the electrical 
en^ew has a great oppor^miity and a great respona- 
bility in the field of urban transportation—^the birth¬ 
place of electric power. Not alone as engineers but as 
citizens of the community is it incumbent upoucthose 
in position to imderstand the intricades of local trans¬ 
portation to aid in the adoption of sound civic policies. 
The future trend of development will be influenced by 
psychological and political factors as well as by eco¬ 
nomic and engineering considerations. The battle of 
power in transportation will continue to be waged not 
alone in the drafting room and laboratory, but ifl the 
arena of daily life where the public is the juc(ge amd'' 
whwe economic and engineering data may be out¬ 
weighed by visionary schemes which appeal to the 
popular imagination. 

♦ ♦ 


Industry Vs. 

Technical Education 


Industry wants better men; educa¬ 
tors want better support. Frank state¬ 
ments by leaders of both contingents 
are illuminating to young engineers 
and pave the way for co-ordinated 
attack upon a common problem. 

I NDUSTRY WANTS the technical 
schools to turn out men more soundly 
» trainedinthefundamentalsofscientiflc 
and sodologic Imowledge. Against this, the technical 
schools look to industry for more definite dipport and 
greater cooperation in the matter of certain specific 
educational problems. 

Such are the inipressions gained from expressions of 
nationally prominent leaders in industry and education 
^ they presented theb^views and substantiations at a 
“Conference on the Relation Between the Industries 
and the Techhical Schools,’^ held at Lehigh University ■ 
Bethlehem, Pa., Octol^ 16, 1830, in connection with 
the dedication of the James Ward Packard Memorial 
Laboratory of Electrical and Mechanical Engineering. 
Excerpts from several of the speakers appear in the 
■fallowing paragraphs: 

F. A. derrick, president of the Westinghbuse Com¬ 
pany, undoubtedly sounded the keynote from the im 
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dustrialist’s standpoint when he said . What the 
industry wants is men who can and will do some one 
thing better than it has ever been done before^ . 
who can add something to the sum of human experi¬ 
ence, whether that experience has to do with design or 
manufacture, or research, or selling, or administra« 
tion ... and the techmcal man who is properly 
qualified and trained and willing to work has no limit 
to his possibfiities in the (industrial) field. „ *' 

IJndustry expects a group of men so selected and so 
trained in fundamentals and in analysis, and in the 
appUcation of such analysis to practical problems, that 
they can develop into the do^ of everything needful 
for the solving of each problem in the whole range of 
requirements. It does not, however, expect men from 
the schools . . . to solve every problem concerned 
... . much less all of them . . . 

“The reasoimble expectation of industry is satisfied 
if, for instance. Graduate A emeiges with the capability 
of developing into the best there isfri such-and-such a 
division of the field, while Graduate B is qualified and 
fitted for similar development in anoth^ perhaps 
equally important field; and Graduate C for stiU 
another fidd, and so on. The sum of A -j- B -f^C is 
what the educator is expected to furnish. . . .So 
the indicted procedures should aim to provide :^t of 
all a basic training that lat^ would be usefully employed 
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no matter in*what class of organization-the graduate 
might find himself . ... 

“The most frequently heard criticism flf the technical 
man is that he is lacking iir human understanding and 
in acquaintance with the world of affairs; and along 
with these deficiencies very often he is lacking in the 
exerc^"* of adequate expression in speech or writing, 
especially on the subjects involving anything outside of 
purely technical subjects . . . . 

“In confessing that there is considerable ground for 
tWs judgment it must be remembered that the or¬ 
dinarily required preparation for a technical course 
makes great demands on the young man’s time and 
energy. The same thing may be said of his pursuit 
lof^he Subsequent technical career. All of this makes 
it doubly important that an early foundation in the so- 
called humanities studies should have due consideration 
in making selection among those appl^ng for admission 
to the technical schools .... Post graduate work 
might in some cases—especially in research—^be em¬ 
ployed profitablymtheschools, though asa broad propo¬ 
sition the real specialization comes only in the actual 
contact with the school of experience in the industry 
itself.” 

Alfred R. Glancy, president of the Oakland Motor 
Car Company, in echoing Mr. Merrick said in part: 

. . Industry is asking for men thoroughly trained 
in the fundamentals and with personality, . . 
generous in tolerances, and humble; not with the 
humbleness of acqmescence, but the greater humbleness 
that is willing to take the suggestions of a better man 
and use them. . . . They should have disciplined 
spirit!.” 

Mr^ Glancy stated frankly that “engineering depart¬ 
ments of many technical industries are carrying heavy 
’quotas of foreign-bom and foreign-trained men because 
these men with their practical foundations of scientific 
training are capable of great development. Also these 
. . . men do a more thorough job. They are happy 
with gradual advancement, which in turn makes for 
thoroughrfess of execution. Frequently, after two or 
three moirths on^the drafting board or a similar timp 
in the shop, our American graduates are discouraged 
because the glamorous executive positions about which 
they have hewd so much are not immediately open to 
them.” 

In reporting upon a personal survey among motor-c^ 
manufacturing executives, Mr. Glancy stress^ the 
undesirability of narrow specialization upon the parts 
of technical students, “for instance, in gas pngina 
design.” With equal emphasis, physics, chemistry, 
mathematics, English, political economy, economics and 
a “^asoning” of the purely cultural subjects were 
unq^ifiedly recommended. 

Matthew S. Sloan, president of the New York 
Edison Company, spoke with characteristic frankn^ 
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representing the utilities view: “. . . We seek men 
who have attained good academic standing in their 
dasses, but not necessarily the high^t. We expect 
them to know their books and tables, but we expect 
them to know a good deal more; to know, for example, 
that books and classroom work are simply a foundation 
and that some of what they have been taught is Already 
out of date or wrong. We expect them to know how tb 
reason—how to think. We expect them to have curious 
minds, inquiring minds, eager to acquire information, 
active to associate it with other information, able to 
digest it and put it to use. We want them to have 
initiative and character. We want them to have intel¬ 
lectual and moral as well as physical courage. We want 
them to have a personality which will enable them to deal 
successfully with a trench digger or the presidents of 
the companies. We want them, having information 
and ideas, to be able to present them dearly and persua¬ 
sively, orally or in writing. 

• “We want these men to have a technical education.— 
Yes, but a technical education which will help them in 
learning our business, and hot one which will send them 
to us with a lot of theory which they will have to un¬ 
learn because it is behind the standards and practises 
of our business. I am speaking frankly. The practises 
of our bTisiness must always be in advance of what is 
taught in the dassroom because it is impossible for the 
schools to keep abreast of practises in our industry 
where improvements are being worked out from day 
to day. We want technical graduates who have been 
taught how to learn, how to adapt themselves in the 
school of trial and work.” 

Sancroft Gh^ardi, vice-president and chief engi¬ 
neer of the American Telephone and Telegraph Com¬ 
pany, and past-president of the Institute, also empha¬ 
sized the importance of fundamentals: "... What we 
want are men who can recognize the problems with 
wMch they are confronted, study the problems, deter¬ 
mine the appropriate action, and then take such action 
in the right way. For men in the admipistrative and 
general engineering departments, these seem to me to 
be the ess^tial requirements . .*. Train the studertt 
to recog^iize the necessity , of ‘getting his facts; 
teach him the best methods of getting thqpi,* a.Ti<t 
train him to interpret engineering data and reason 
therefrom.. 

One of my strongest con’iictions is that unusual 
effort may well be made to reach every angitnaAring 
stud^t to speak and to*write a report onletter in cledr, 
convincing English, setting fojth the facts, arguments, 
and conclusions pertaining to the question before him. 
It is of the greatest importance to an fingipaftr 
he shall be able to state in correct and logical form the 
problem before him, and to enforce his conclusions with 
arguments which shall be convincing. Such trainihg 
as .this is not tpCTely one in litmature, composition, or 
rhetoric. To present such a report, the problem must 
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have been mastered and clear thinking must precede 
clear speaking or writing.” 

L. Warrington Baldwin, president of the Missouri 
Pacific Lines, likens the technical school itself unto a 
manufacturing establishment: . The technical 

school today is essentially an industry. You may call 
it a foundry, melting and molding a material which 
we designate as a student mind into a crystallized and 
permanent thing we call a matured mind. You may 
call it a builder, shaping into a i)ermanent structure of 
many parts the various things we call research and the 
application of the products thereof. You may call it 
the creation of an asset we call capital, a salable article 
^r medium of exchange coined from the ore of natural 
and able mentality and offered for a circulating medium 
which, if the ore be good and the alloys strong, will not 

depreciate by usage. 

"If the product oif t^nical schools is to be a factor 
of increasing value t<J industry, it will have to insure 
in its operations the same progressiveness that charac¬ 
terizes industry. This is foremost in importance and 
cannot Tje overestimated . . . 

«“Great care must be used in outlining a course of 
study for young men looking toward the occupancy of 
executive positions, "fhey should not be given the 
idea that a course of study alone will fit them for such 
positions any more than ;^11 a course in art insure that 
the student will become a great painter or a course in 
literature create a renowned author or historian . . . 

“It should, further be impressed upon the student 
that his diploma b not a magic wand which will open 
to'^him the door to success, but that after graduation 
and the securing of a ‘job’ and not a ‘position’ as a 
start, his progress is almost entirely dependent upon 
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himself, except as it may be modified by fortune or 
misfortune.” 

Educjatoes’ Points of View 

Paralleling the demands of the industrialists, tiie 
educators made some demands upon and suggestions 
to industry. 

Arthur M. Greene, Dean of Engineering at Prince¬ 
ton University, commented upon the limited amount 
of time available to the technical school in which to 
educate its students saying; “. . .in this limited time 
only the fundamentals can be taught, and special 
details of a particular branch of industry should be* 
given to its new employees by the industry itself, 
using that which the schools have done as a basis for 
this furthertraining ... 

“Another thing which we should ask from, industry 
is a constructive criticism of the work whfch we are 
doing as shown by our graduates ^ . . Gould not 
industry in a fair, frank way inform us of any lack 
seen in our particular men? Of course, as engineers 
we should like both sides of the picture; and if our men 
appear to have a proper appreciation of these funda¬ 
mentals and ability to grasp the new details which are 
presented, we should like to know of it so that we may 
carry on in this way which has produced these good 
results. Records and reports are tq^ be used not only 
to eliminate faults but to maintain virtues^ . . . 

Doctor Greene suggested that industry make more 
effort to carry on important researches in and with 
the cooperation of the laboratories of educatfonal 
institutions so that students may benefit by contact 
with practical problems, industry may benefit by 
additional and independent points of view, and the 
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school may benefit by having the use* of special 
equipment installed by industry •for its researches. 
Continuing , he said, “At some of our technical schools 
Cooperative research problefns are being worked out by 
industry »and the schools ... The technical schools 
have the personnel, the equipment, and the space by 
which many problems of industry coifld be solved for 
those without research facilities; and for those with 
^at facilities, these institutions are the natural places 
to which to turn for independent, original, or confirma¬ 
tory work. The schools expect that industry will 
seriqusly consider this subject ... 

, *^The outstanding activity on a fairly large scale by 
industry, the summer conference for engineering pro- 
<fe^bra^by certain large manufacturing companies is 
one whieh the schools hope for from industry as a whole 
Could not the smaller industrial plants offer 
summer employrnent to one ’or two men from the 
schools, even though a large conference is not possible? 
Each school has near it a number of industrial plants 
into which its teachers would fit. 

“One of the requests which my own institution is 
making of industry is the summer employment of stu¬ 
dents, particularly for men who have completed the 
junior year. Many employers have granted our 
requ^ts, and I now ask if this is not one which industry 
in general should expect from the schools. This would 
befor the purpose of giving thq student a professional 
and commercial point of view to bring back to his 
college work, and at the same time to give the employer 
a chance to try out a possible employee for the next 
recruiting season." 

b. C. Jackson, head of the Electrical Engineering 
Department of the Massachusetts Institute of Tech¬ 
nology, pointed out that: . “. . . Engineering schools 
expect industry to recognize the duty of the schools 
as educational institutions to maintain independence in 


thought, in subjects and methods of research, and in 
opinions. In return, the facilities should recog¬ 
nize a duty to refrain from spreading inadequately 
founded opinions and from dogmatizing in controversial 
fields ... 

“Engineering schools expect industry to recognize 
the importance of independent operative scientific 
research as part of the life of the faculties and students, 
and to support it with contributions of money and 
counsel made to those schools which are adequately 
manned and equipped, to the end that additional 
knowledge.may be disclosed, out of which industry 
may forge new applications; and also, to recognize the 
importance of . such research as a pedagogical instru¬ 
ment in those schools which are manned and equipped 
to carry it on properly. 

“Engineering schools expect large industrial establish¬ 
ments in their own interest, to pay more attention to 
the assimilation of recent graduates into the industrial 
work for which they are employed. With few excep¬ 
tions the present practise is to fit these new employees 
into places requiring very limited needs, and to make 
no provision for such employees to gain (except by 
chance) an understanding of the accomplishnmnts 
expected of them, thus leaving them ‘wallowing around’ 
for months without light or leadership . . . Engi¬ 
neering schools expect that the personnel problem of 
employing young men who are on the eve of completing 
formal study in the schools will be dealt with by the 
employing agents of the industries in a judicious and 
discriminating manner ... 

“That the public may come to realize the propriety 
of industry making contributions of generous size to 
selected engineering schools for the support of inde¬ 
pendent research in those schools, engineering schools 
e:!q)ect that industry will aid in laying before the public 
a fair statement of the public interest in continued 
industrial development and invention, and the need 
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of maintaining independent research in the engineer¬ 
ing schools, in order that a stream of results may be 
available as raw material out of which to mould further 
industrial development and invention.” 

An Important Suggestion 

One of the most far-reaching suggestions of the con¬ 
ference was voiced by David E. Ross, president of the 
board of trustees of Purdue University. Mr. Ross 
urged that: “it is not unreasonable for our higher schools 
to expect industry to help in the searching out of fine- 


g^de human raw material with which technical educa-; 
tion must work . r . If industry builds widely for 
its own future, adequate provision will be made whereby 
the brilliant mind-con’structlng teachers in the universi¬ 
ties will have reward and remunCTation commensurate 
to those granted productive industry. Technical 
education would*gain immensely if a certain larg^ pro¬ 
portion of the men who have attained recognized super¬ 
iority in industry were permitted to return to the 
university to contribute, as only they can contribute, 
to the training of the new leaders in our material 
civilization.” 


Australasia as 
Seen by an 
Engineer 

South Pacific continent and its 
neighbor island present many fea¬ 
tures of interest; glimpses of a few 
are given here. 

By Paul M. Lincoln 

Director, School of Engineering 
Oomell Unlverelty 
Fellow, A. I. E. B* 

F rom HONGKONG- to Brisbane, 
Australia, is a three-weeks’ joiu- 
ney—an indication of the. magnifi¬ 
cent distances which separate Australia from the rest 
of the world. The latitude of Brisbane in the southern 
hemi^here corr^onds closely to that of southern 
Florida in the northern hemisphere, and January tem- 
peratui^ are about what one might expect of southern 
Florida in midsumfneri General dryness of the air, 
however, makes the high temperature quite bearable. 

As a northerner travels overland from Brisbane to 
Sydney, one. of ihe noticeable things about the Aus¬ 
tralian landscape ip thq^total absence of both the flora 
and fauna of our northern hemisphere. Practically 
every recogniied plant, or animal is an importation 
from l^e North. As is well known, some of the trans- 
p^nted animals and plants have become well-nigh 
h^Ufferable pests: in the southern hemisphere. The 
rabbit, winch to us in the North is probably the best 
of these, has multiplied so rapidly in Australia 
that it has :b^K)me-a distinct’ menace to the grains 
and other Plant life of that continent. 

The cactcS; is another imported ■pesti particularly 
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in Queensland has the cactus spread rapidly and occu¬ 
pied lands that otherwise would be available for grazing 
or cultivation. Its spread has caused much appre¬ 
hension in Australia and recently a cactus pest was 
introduced which it is hoped will hold the cactus in 
check. Still another pest is the blackberry, which is 
particularly troublesome in New Zealand. Large 
areas of that country have already been overrun by 
the blackberry and as yet no adequate means of check¬ 
ing its ppread has been found. 

Sydney itself, a busy, bustling city of approximately 
a million inhabitants, has one of the finest harbors*in 
the word-—^the finest, if one is willing to accept the 
Sydney citizen’s own appraisal. However, since it has 
be«i found necessary to throw a bridge across it to 
the north at a high cost this harbor might in one sense 
be viewed as a handicap. Rapid growth of the city 
h^ made more usable territory desirable a-n ff the 
bridge connecting Sydney to the North Shore is now 
under construction; its completion is expected some 
time during 1931. 

Another thing about Sydney that is reminiscent of 
New York City is the tom-up condition of the streets 
incident to*tiie installation of a subway system. As 
in many another city, growth has made necessary a 
better transportation system, and again subA^ys have 
been selected, as the. ,best available means of supple¬ 
menting existing ss^tems. 

In the State of Victoria the development of greatest 
interest to the electrical engineer is the use of the brown 
coal at YaUoum, a district about 100 mi. east of Md- 
boume. This coal bed hes under an overburden of 
earth only about 30 ft. thick, a condition which permits 
open-cut workings with resulting nominal mining costs. 
At the present scene of mining operations the 
of the coal layer is about 180 ft., but in some parts of 
the field, borings to the depth of 1000 fE. have shown 
sev^al superposed beds of this coal having a total 
thi(^ess of 808 ft. It is estimated that there is 
available for mining by the open-cut method at least 
20,000 million tons. In the area of one square mile 
^t aside for the initial workings, the existence of 160 
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Sydney Harbor Bridge (Australia), under construction to relieve traffic congestion, reminds one 

of the famous Hell Gate Bridge in New York. 


million tons has been proved, a supply sufficient to 
serve a 150,000-kw. power station for one hundred years. 

The moisture content of this fuel is unusually high, 
varying from 50 to 65 per cent, and naturally results 
in a low heat content as compared with the usual black 
coals. With a 60 per cent moisture content, the 
calorific value is about 4700 B. t. u. per lb. In spite 
of the low heat value the small cost of mining makes 
this fuel an economical source of power. The great 
problem has been to find the proper methods of burn¬ 
ing it under boilers. The little experience that was 
available was in connection with the development of the 
brown coals of Germany, and it is only natural that 
much of the mining machinery used at Yalloum was 
designed and manufactured in Germany. 

The major market for Yalloum power is Melbourne, 
100 mi. away. However, some fifty or more other 
munieipalities and townships in the State of Victoria 
^e deriving their electrical power from Yalloum and 
its associated power stations. Eventually the system 
undoubtedly will cover a large portion of the State of 
Victoria. 

At the present time, a small amount of water power 
is beihg developed and fed into the generaj transmitting 
and distributing system, and further water-power de¬ 
velopments are contemplated for the future. 

By most of us here in the United States New Zealand 
is considered as'being a close neighbor of Australia; 
hence it is rather surprising to find that the run from 
Sydney to Auckland is nearly 1500 mi., or four days' 
sail, equal to nearly half the distance from New York 
to London. New Zealand differs from Australia in 
its abundance of water. Snow capped mountains 
reaching a height of more than 12,000 feet abound, 
particularly tn tl^p South Island. This rough terrain 
together with the abundance of water gives the country 
a decided prdbminence in the matter of water-power. 
More than 80 per cent of the electrical energy used in 
New Zealand is devdoped by hydraulic p1a.-nt,<i. Of 
course in New Zealand as well as in Australia generation 
and distribution of electricity is carried on as a govern¬ 
ment enterprise. 


New Zealand is divided into some 50 or 60 districts 
in each of which a “power board" (in every case a 
creature of the government) has complete authority 
in the matter of the generation and distribution of 
electricity. The extent to which the country has been 
electrified is astonishing; it is stated that at the present 
time 75 per cent of all possible users of electricity in 
New Zealand are being served, and that there is hope 
to increase this figure within a few years to 90 per cent. 
This really is remarkable when one considers that there 
are only about one and one-half million people in New 
Zealand with an area of 105,000 sq. mi. In other words, 
the average density of population is less than that of 
the state of Nebraska. In these electrical “under¬ 
takings” there is no endeavor to make a profit. Rates 
for service are so fixed that only cost of service will be 
met, including of course a sinking fund that eventually 
will cover the original first cost. This policy explains 
why New Zealand is able to serve so large a proportion 
of its sparse population; the fat districts carry the 
lean. 

New Zealand and Australia are almost entirely 
pastoral; wool, mutton, beef and dairy products con¬ 
stitute by far the greatest proportion of all exports. 
As might be expected of countries so young and sparsely 
settled, very little manufacturing is’dpne.^ 

A thing that one cannot but note in both New Zea¬ 
land and Australia is the strong sense of loyalty to the 
mother country. Othw things being equal, the. Aus¬ 
tralasian will buy his requirements from England or at 
least from some other part of the British Empire. 
In spite of this pronounced British preference, howevCT, 
the prevalence of American aiftomobiles is noticeable. 
According to personal observation at least 90 per cent 
of the automobiles in^ Australia and New Zealand are 
of American manufacture, 'to queries as to why this 
should be, answer was given that the AmOTican auto¬ 
mobile suited Australian road conditions while the 
British did not. TheAustralasian was very frankto say, 
however, that if he could get a British machine iiat 
was suitable and right in price, the trade would go 
to Britain. 
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Automatic Operator 
Improves Efficiency 


Because the burdensome detail of 
maintaining accurately predetermined 
loading schedules is more than present- 
day minimized operating forces can 
handle, seldom are hydroelectric gener¬ 
ating stations operated at maximum 
efficiency when under manual control; 
automatic control equipment subject 
to manual regulation solves the 
problem. 

By S. Logan Kerr 

Ilesearch Engineer, 

1, P. Morris & De La Vergne, Inc., 

Philadelphia 

G reater efficiencies in hy- 

droeleelric plants must come from 
plant design and operation rather 
than from further refinements of design in the hydraulic 
equipment itself. The single important exception to 
this is to be foimd in the development of a new type of 
propeller turbine with automatically adjustable blades, 
the development and use of which is an important step 
toward bringing low-head plants to the relatively flat 
efficiency curve which hitherto has been found only in 
the medium- and high-head installations. 

Operation studies of a number of plants show conclu¬ 
sively that the average operating efficiency rarely equals 
the maximiun over-all efficiency of the station. In one 
cf the newer large hydroelectric plants in the East, the 
over-all efficiency of the station was found from tests to 
be approximately 90 per cent, whereas detailed analyses 
showed that the maximum normally obtained in daily 
service Was offiy about. 80 per cent. The 10 per cent 
margin between these fwo figures was traced direct^ to 
ineffid^t loading of* the plant and ineffident load dis- 
tiibutiop between the various units within the plant. 

Other factors', such as the unnecessary lowering of the 
ruaximu m operating head in the excessive drawing off 
of the small ponds and storage reservoirs, greatly impair 
over-all station efficienci^. Attention directed to these 
fa6tors indicates a fruitful source of study for improve¬ 
ment in operating practice with recovery from losses to 
proportions hitherto unsuspected. 

Hydroelectric stations of course must be operated 
■with a definite understanding of the capacity of the' 
station’s available stream flow, the market for power, 
and the operating characteristics of the system to which 

From ** Automatic Operator for Bcbnomy Control,*" presented at the 
A. I. B. B, Middle Bastem District Meeting, PMadelphla, Oct. 13-15,1930. 
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its power is being supplied. For a plant in service^ the 
general operating problems in so far as they are con¬ 
sidered with respect to economy may be classified 
as follows: 

1. Economic load distribution between units for any given 
station load and combination of generating units. 

2. The economic output of the station corresponding to thef* 
points of maximum efficiency for the various combination of 
units. 

3. ^ The maintenance of the economic number of units or 
combination of units in service for any given load on the Station. 

4. The maintenance of maximum operating head and con¬ 
servation of flow. 

6. The control of pond levels with respect to flow when 
surplus water is available. 

6. The maintenance of sufficient system reserve capacity to 
provide for system req^uirements, to be operated in parallel with 
the system and carried at a minimum cost. This may be divided 
into two types; reserve for immediate availability and reserve 
for delayed availability. 

7* The maintenance of a flxed draft of water from storage 
reservoirs or through run-of-river plants, to supply the proper 
water balan^ on a given stream where more than one station 
is installed, in order to provide for plants farther down the river 
or to absorb the discharge from plants above the one'binder 
consideration. 

8. Automatic frequency control to maintain constant ^pe- 
quenoy with the possible reflnement of maintaining constant 
average frequency where electric timekeeping is a factor. 

9. Automatic power-factor correction to improve line and 
distribution voltages and power factor within the limits of the 
machine capacities and by utilizing surplus machine from time 
to time as synchronous condensers. 

10. The possibility of making use of flood water to increase 
the annual plant output. 

11. The economy of spilling water over a flxed-cresi dam 
under low-water conditions to secure full maximum operating 
head. 

12. The possibility of* increasing net plant output by de¬ 
creasing the output of certain machines below the point of maxi-"* 
mum individual efficiency. 

The first five of these classifications deal principally 
with the hydraulic characteristics of the plant ttself; 
Items 6 and 7 deal with the relation of the .plant to 
system operation; and Nos. 8 and 9 may be Classed as 
effecting the t3pe of service rendered by the power 
company. The last three were suggested in a discus¬ 
sion presented by C, F, Merriam of the Pennsylvania 
Water & Power Company, Baltimore. 

Most of these items have been given some attention 
by operating engineers but in most cases further atten¬ 
tion could be given to advantage. Too much emphasis 
can not be laid upon the desirability of grater utiliza¬ 
tion of field-test results as a ba^ upoI^ which to achieve 
better standards of operation and increased efficiency 
of utilization of the plant itself. Field-tests can be 
made cheaply and simply in practically all plants by 
either the Allen or Gibson methods; and where these 
methods cannot be applied it usually is possible to 
employ current meters: with a reasonable degree of 
accuracy provided sufficient care is used. 
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For purposes of determining the proper loading of the 
individual units, and the prop*er combination of units 
for maximum over-all efficiency for any given station 
output, accurate determination of unit-operating char¬ 
acteristics should be prepared along with schedules of 
econonoic load distribution between the units. In ex¬ 
isting stations, a careful analysis of operating records 
taken from the daily log sheet will provide the bases for 
these determinations. For new plants, acceptance test 
data will serve; and where accurate test data are not 
available, it is possible that a combination of the manu¬ 
facturer’s test curves and the manufacturer’s expected 
■curves, combined with power-gage-opening tests on the 
actual installation, will provide sufficient information 
•frem v^ch to prepare operating charts for units having 
similar characteristics. 

For units with dissimilar characteristcs—^which of 
course include units of different specific speeds and 
capacities, and occasionally units having the same 
capacities and speeds but built by different manu¬ 
facturers—afield efficiency tests are the only dependable 
source of information. 

With the station and unit characteristics determined, 
an over-all schedule of operation may be prepared which 
will specify for each load on the station, the number 
of unfts required to carry the load, the proper combina¬ 
tion of units, and the proper loading of each unit in 
or3er to maintain the best over-all effideny. Based 
upon an estimated percentage of adherence to such a 
schedule, the question of load factor, load demand, and 
the rate of draw-down of the forebay, can be studied in 
their effects upon the maintenance of the maximum 
head.^ In cases where appreciable pondage or storage 
is available, a nice balance may be worked out between 
the pennissible rate of draw-down during the demand 
Jhours and the building up of the head-water level at 
night. With low- and medium-head plants, particu¬ 
larly in a series development without head overlap 
betw^n plants, it is of great importance in order to 
prevent loss in output and efficiency, to Inaintam the 
maximum^possible operating head. 

The factor of system reserve capacity also is one 
which shdUld re(;eive abundant attention and careful 
study to determine a reasonable margin of reserve to 
protect the system adequately against any shortage of 
power during sudden demand periods and at the same 
time to avoid excessive waste water arising from carry¬ 
ing too much reserve in parallel with the system. Be¬ 
cause of the requirement of shutting down and starting 
up units at the proper time this phase of operation 
introduces still another burden upon the operating staff; 
also, because of the necessity for maintaining sufficient 
capacity in service to care for the normal operating 
emecgencies which would cripple service if such reserve 
capacity were not immediately available, it introduces a 
serious responsibility upon the part of the system load 
dispatcher. 

Studies of actual cc»st of carrying reserve capacity in 


any one plant, or with any combination of units can be 
made. On the same basis additional studies will in¬ 
dicate the desirability of operating units as synchronous 
condensers or merely as reserve capacity floating on the 
line. At most plants some saving can be realized by 
motoring the units from the line with the wheel gates 
tightly closed and the runner vented so that it operates 
in air rather than in water. The difference between the 
cost of maintaining the reserve by these two methods 
and that of having surplus units of light-load capacity 
represents a marked saving if the element of availability 
is assured. 

It is self-evident of course that all of these factors 
have been given, and are being given, attention by 
operating engineers; the one element, however, which 
has hampered seriously the achievement of ideal econ¬ 
omy in operation has been the necessity of depending 
entirely upon the human element. Further aggravat¬ 
ing this same difficulty has been the tendency to reduce 
operating forces to a minimiun, resulting in increased 
duties and responsibilities for the individual operators. 
Thus, the operator’s attention has been forcibly directed 
to the prime requirement of maintaining continuous 
service, the question of economy necessarily becoming 
of secondary consideration. 

The burden of m aintaining accurate loading schedules, 
and of giving careful attention to each of the factors 
outlined at the beginning of this article, will pass beyond 
the realm of possibility for manual operation unless the 
present trend is reversed with a considerable increase in 
operating staffs and provision for rigid supervision. It 
is in this connection, because of the operating efficiencies 
that can be achieved with it, that automatic-control 
equipment h^ come recently into prominence. 

With the development of automatic-control equip¬ 
ment the whole aspect of these operating problems 
changes, since the human element no longer becomes 
the limiting factor. Analysis of the economies of 
operation form the basis of preparation of ideal sched- 
ifles adapted to the particular system requirements, 
and the application of specially designed automatic- 
control equipment permits the. rigid enforcement of 
these ideal schedules, eliminating the losses which must 
result from the inability of operators to follow these 
schedules continuously. 

One of the first applications of this principle of opera¬ 
tion was made at the 87,000-hp. Norwood plant of the 
Carolina Power & light Com^ny, where the problem 
presented was to obtain the maximum operating e^- 
ciency out of two high-speed, large-capafeity units with 
relatively steep efficiency curves, and one somewhat 
smaller slow-speed unit of a relatively fiat efficiency 
curve. Design studies showed that with the units of 
different capacities a higher average efficiency could be 
realized for the plant over its entire range of output thisn 
would be possible if all three were of the same high-speed 
characteristics. Economic load schedules showing the 
proper distribution of load between the units necessary 
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OUTPUT Of- UNIT NO. 2 OR NO. 3 - KILOWATTS 

Fig^ 1. Ideal loading schedule as calculated for 
the 8'7,000‘‘hp. Norwood plant of the Carolina 
Power & Light Company 

to maintain a maximum combined efficiency indicated a 
rather complex problem; at least from the standpoint of 
manual operation. It was demonstrated that slight 
departure from the proper loading schedule would 
result in appreciable loss in efficiency. 

At Norwood the equipment as actually installed con¬ 
sists principally of a multiple bridge circuit, one side of 
each bridge being a manually-adjusted standard poten¬ 
tial and the other side a potential in proportion to the 
unit output. By basing the standard potential rela¬ 
tions upon the ideal schedule for load division between 
units, the balance would be secured at a point at which 
the load on the various individual units would be 
brought to the standard as manually set; this in turn 
agreeing with the desired load distribution between 
units. A single dial, subject to the control of the 
operator, accomplishes an economic load distribution 
between any combination of units in service. Addi¬ 
tional attachments make for more flexible operation but 
introduce no change in the basic principle involved. 

Study of the curves in Figs. 1 and 2 will reveal what 


triangles represent the operation with the automatic 
control in service. In Fig. 2 the upper envelope curve 
represents the maximum over-all efficiency of the plant 
and it is of some interest to note how accurately the 
automa,tic operator follows it as indicated by the close 
proximity of the triangle. The approximate figures 
indicate that in so far as its relation to the ideal operat¬ 
ing curve is concerned, on manual control the produp- 
tion efficiency of this station was approximately 90 per 
cent. With the automatic operator the average operat¬ 
ing efficiency has been raised to a point in excess of 96 
per cent and has been kept as high as 98 per cent for 
appreciable periods of time. The difference between 
the ideal operation represented along the upper envelope 
curve of Fig. 2, and the actual results secured at the 
station, include all losses due to the incorrect number of 
units in service, as well as the losses introduced by 
maintaining system reserve capacity. The actual loss 
incurred by incorrect distribution of the load between 



Fig. 3. These curves, shdwing power output 
with respect to water discharge, simplify the 
work of the load dispatcher 


Q,pplication of automatic control can accomplish to 
relieve plant operators of the burdensome routine; also 
what can be accomplished by maintaining the highest 
possible, operating efficiencies at the station. The 
circles show the results of manual operation while the 
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the units while under automatic control has been ma¬ 
terially less than 1 per cent. 

At the Norwood station daily efficiency log sheets are 
carefully kept to furnish the basis of detailed analyses 
through which the operating engineers may "determine 
the reasons for production losses—-jaccurate records 
upon which to base their efforts, and by which to direct 
attention to the elimination of losses. 

To simplify the work of the load dispatcher, the curve 
sheet reproduced in Fig. 3 was prepared representing the 
station output with respect to station discharge and 
with superimposed radial lines representing uniform 
increments of the kilowatts obtainable for each sec-ft. 
of water passing through the station under the rated 
head at which the plant normally operates. These 
radial lines intersect the power-discharge curves at 
various points, and both the load dispatchers and 
station operators can see at a glance the zones of desir¬ 
able operation. 


Ftg. 2. Over-all plant efficiency curves for By means of these curves and log sheets, combined 

Norwood plant with the assurance that whatever load is dispatched to 
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the Norwood station will be carried in the most eco¬ 
nomic manner possible, the system operators and load 
dispatchers were provided with a more efficient tool 
with which to work* Thid resulted in operating effi¬ 
ciencies and reflected exceptionally large savings to the 
power company over and above the very best possible 
witlyntinual operation. 

✓Another interesting application of automatic operator 
equipment was made more recently at the Morony 



Fig. 4. Performance of the Morony plant of The 
Montana Power Company under control of an 
automatic operator 

plant of The Montana Power Company, near Great 
Falls, Mont. Morony was designed to effect system 
control and automatic frequency control equipment was 
installed as part of the hydraulic turbine contract. 
Both xinits in that station are of the same size and 
operating characteristics, and it was estimated that the 
requiftments for maintaining frequency on the Montana 
systeip would call for the continuous operation of both 
units through a range of output from one-half to three- 
*quarters of their full-load rating. As the load on that 
system is subject to variations not easily predicted, 
question arose as to the loss of efficiency emanating 
from the operation of two units at less than one-half of 
their individual capacities where the load could be more 
efficiently*carried on a single unit. 

With the application of automatic frequency control 
to Morony, a further step was made in the development 
of automatic economy control by arranging special 
equipment automatically transferring one unit from 
operating on load to operation as a s 3 mchron 6 us con¬ 
denser, where the point had been reached of one unit 
alone carrying the particular load demand of the station 
more efficiently than could the two units together. 
From Fig. 4 it may be seen that for an output of less 
than about 2^000 kw. it is more efficient to run a single 
unit than to operate both imits. Under this condition 
it was impracticable to shut down one of the units 
because it was necessary from a system standpoint that 
the surplus power of the two units be immediately 
available to care for sudderi load demands. This 
requirement led to the development whereby one unit 
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when its generating capacity is not needed is transferred 
automatically to synchronous condenser operation. 
By the use of efficient automatic air vents, the power 
required to drive one unit as a sjuichronous eondenso* 
is held to very small limits, as shown by actual tests 
and as reflected by the curves of Fig. 4. Provision was 
made also to return this reserve unit automatically ti> 
load service whenever it was required, this to be done 
either at a very slow rate for normal service, or at a very 
rapid rate for emergency conditions. 

Fig. 6 represents the economic analyses of Morony 
station with the saving effected by the automatic control 
plotted with respect to station output. By the opera¬ 
tion of one unit as a condenser and one unit on load, 
based upon the utilization of the same water flow as 
would be required for two units carrying this same load 
approximately 24,000 kw. in capacity are saved. Ac¬ 
cording to the latest studies this represents slightly 
more than $7 per hour saving (3 mills per kw. hr.) for 
each hour that the plant is operated at an output of less 
than 18,000 kw. Since storage facilities are available, 
these same savings can be translated into savings in 
discharge as shown. 

The possibilities of extending this type of control to 
other applications is at present virtually unlimited. 
The srnne principles that have been outlined in connec¬ 
tion with the application of automatic economy control 
to individual plants are readily adaptable to the opera¬ 
tion of groups of plants, including a combination of 
steam-electric and hydroelectric plants. 

Application of automatic economy control to electric 
power generation requires an intimate knowledge of 
system characteristics as well as prime mover character¬ 
istics. The success of automatic economy control 



Fig, 5. Automatic operation at Morony trans¬ 
lated into sayings 


installation can reach its highest degree only through 
complete cooperation, between the manufacturer and 
the operating company and by maintaining an impar¬ 
tial attitude in regard to the equipment to be used, its 
application and its limits. To secure the ultimate aim 
of the highest efficiency of power generation possible 
with the in^alled equipment the engineering of design 
and application must be carried on with these principles 
in view. 
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Electric shovel in cement mill Quarry 


Practically completely electrified, the 
cement producing industry uses 2i/^ 
billion kilowatt-hours of electric energy 
annually in the production of its 
$275,000,000 output of 175 million 
barrels. 


A N^ industry which uses 2^^ 
billion kilowatt-hours of electric 
energy per year at practically 
unity power factor, and at the highest load factor 
known to the larger industries, presents many interest¬ 
ing features to the electrical energy. I,n the Portland 
cement industry the use of electric power in new plants 
is becoming universal. The greater part of it is pur¬ 
chased power and all of it is used subject to extraordi¬ 
nary efforts to get the most out of every kilowatt-hour. 

, A typical modern cement plant has a daily output of 
about 3,000 bbl., costs million dollars, employs some 
200 men, and uses from 45,000 to 60,000 kw-hr. each 
day. The total investment in this highly competitive 
3^ ed States is some $650,000,000 and 

the value of its annual output of 175,000,000 bbl. 
(700,000 94-lb. sacks) amounts to $275,000,000. Major 
plants of this industry, totaling some 160, are scattered 
through 33 states in the Union. According to Cement 
Association estimates, 33 per cent of the annual manu¬ 
factured product is used,,for road construction, 25 per 
cent for building, 15 per'^cent for rural uses, and the re¬ 
maining 27 per cent is scattered over some five classifica¬ 
tions, the last of which covers bridges, river and harbor 
works, dams and water power projects, and takes only 
4 per cent. 

Commercial Portland cement is more or less a varied 
mixture of tricalcic silicate, dicalcic silicate, tricalcic 
aluftiinate and tricalcic ferrite. The alumina and iron 


Electricity 

in the 

Cement Industry 

By R. H. Rogers 

General Electric Company 
- Schenectady 

oxide act as fluxes so that the lime and the calciurn can 
combine at workable temperatures. Excluding the 
normal 5 per cent of impurity and the 2 per cent of 
gypsum added as a retarder, ordinary cement contains 
about 65 per cent lime, 25 per cent silica, 7 per cent 
alumina, and 3 per cent iron oxide. Its manufacture 
involves many operations and electric equipment con¬ 
tributes to expeditious handling and control throughout 
the processes. 

In a typical installation raw materials are taken from 
the quarry by electric shovels, hauled by electric trains 
to electrically-driven crushing plants whence the ma¬ 
terials go through various grinding, handling, awid 
mixing processes, all electrically controlled. Slurry, 
the output of the wet process tube mill, is pumped to 
storage basins and correcting tanks where a chemist 
maintains the working stock at the desired chemical 
status. 

Gigantic tubular revolving kilns, some as large as 
12 ft. in diameter, 350 ft. long, and weighing more than 
400 tons—^by far the largest moving pieces of machinery 
in the world—^receive the slurry for heat treatment. 
To stimulate a natural flow of its contents, the kiln 
is inclined at a pitch of approximately % in. per ft. and 
to keep its contents duly agitated it is revolve^ at speeds 
varying from one-half to one rev. per min,. About 
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Adjustable-speed, 75li00-hp., 230-volt, d-c. motor 
driving kiln through 900:1 reduction gear 
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Cetnent pumps handling cement from dry 
^riitders to sitos; driven by 60~hp. 900~rev. per min. 
induction motors 


t hree hours are required for Lhe material to pass through 
the longer kilns from the stack end to the firing end, 
during which time it meets with increasing temperature 
up to 2,900 deg. fahr. 

In its passage through the kiln, the slurry is gradually 
raised in temperature through a zone of chemical reac¬ 
tions to a point of fusion, the product of which is 
clinker about the size of ordinary marbles. This 
white* hot clinker then passes through long cooling 
drums to storage where it may be kept indefinitely— 
evfin outdoors since it is impervious to moisture. It 
is hard enough to scratch glass, dark brown or black in 
color, and bears no physical resemblance whatever to 
either its raw material ancestors or to the Portland 
cement which it will be when finely ground. 

From the pulverizing tube mill the highly chemically 
aetive'grey powder—Portland cement—is pumped elec¬ 
trically to storage silos from which it is reclaimed for 
shipment. 

* From the central station load standpoint, the cement 
mill is attractive because it runs through the 24-hour 
day, pften operating as much as two years without 
shutdown.* A plant having a capacity of* 3,600 bbl. 
per day will have a connected load of about 6,500 hp., 
and the small percentage of idle equipment means a load 
factor exceeded ^y few, if any, other industrial loads. 
Further, the commonly used S 3 mchronous motors 
facilitate power-factor control, adding to the attractive¬ 
ness of the load. In spite of the fact that waste heat 
available from the kilns is sufficient to operate a power 
station of ample size to serve the mill, power usually is 
purchased. Although many waste heat plants are in 
operation, advantageous power contracts available in 
recent years, together with a desire on the part of the 
cement companies to devote all available capital to the 
production of cement, have tended to suppress the 
tendency to install waste-heat boilers and turbine¬ 
generating plants. 

In cement mills at least three common arrangements 
of electric power distribution are in vogue: (1) A 2,300- 
volt secondary system with small 2,300/440-volt trans¬ 


formers scattered about the plant at convenient 
low-voltage centers; (2) sei)arate transformers with 
2,300- and 440-volt secon^ries placed at the substation; 
(3) transformers with secondarj’’ windings for 2,300 and 
440 volts. 

The present tendency is to concentrate all circuits at 
the main switchboard and to control all of the larger 
motors throughout the plant from that point. Rigid 
demand specifications common in power contracts 
make desirable the avoidance of peaks and this is done 
in some instances by having all heavy motor starting 
executed by the switchboard attendant, upon signal 
from the machine operator. This enables the switch¬ 
board attendant to watch his demand meter for an 
opportune moment, a practise which permits full- 



Circuit lay-out used in one prominent 3,600^bbL 
mill; arrangements vary widely in different mills 


voltage starting on even the largest synchronous motors, 
thus simplifying the control and reducing control 
investment. 

On the main switchboard, some newer mills have 
installed automatic peak and demand limiters whicl^ 
function by cutting off temporarily certain preferred 



Battery of i-in. slurry pumps driven by, 30~hp., 
l,S00~rev. per min., 440-volt, XS-cycle" motors 
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loads when peaks threaten, as well as catting off larger tion. On some properti^ el^tric traction is used, and 
banks of motors when the 15*min. demand limit is of coarse d-c. motors ca^ the burden. Self-propelled 
threatened. Air compressors used in a mill may involve side^lump cars, each hauhng a trailer, are used at one 
as many as foiu* 176-hp. ss'^chronous motors, and prominent plant. 

solenoid-operated unloading valves are used often to Wound-rotor induction motors are used on heavy 
allevia^ impending peak conditions for short periods duty equipment, such as quarry slope hoists, rock 
of time. crushers, hammer mills and similar equipment,'^here 

Another refinement successful in automatically hold- the current inrudi to a squirrel-cage motor woxild be take 
ing the plant power factor at unity is accomplished by great for full voltage starting or where graduated ac- 
arranging the power factor meter to control the field celeration is desired. These motors are used also for 
strength on an excitation motor-generator. With a adjustable varying-speed service, such as required for 
falling powtf factor this arrangement permits the kiln drives, by uang constant duty resistors in the 
generator field to be strengthened and the resulting secondary circuit. Large motors of this t3q>e are- 

operated fix>m the 2,300-volt circuit, while the &nall 
ones operate on 440 volts. Squirrel-cage motor§^)f two' 
t 3 q)e 8 are used, but the normal single squirrel-cage type 
greatly predominates. 

In the modem cement mill synchronous motors 
account for the greater part of the power applied. 
Normal-starting-torque s 3 mchronous motors are iised 
on the d-c. motor-generator sets, air compressors and 
similar equipment. Tube mills—^huge revolving cylin- 
d^, in the larger sizes each containing perhaps 100 
tons of hard steel balls or grinding pellets in addition 
to its load of clinker—require from 400 to 900 hp. to 
drive them at 20 rev. per min. These mills offer a 
starting load often as high as 160 tons, representing 



Side-dump transfer cars each operated- by two 
7S-hp, 2S0-volt motors: motor-driven air 
compressor on each car 

increased excitation on the synchronous motors driving 
the tube mills tends to restore the desired power factor. 

Diverse charactaistics of the motor loads in the 
cement nodll make necessary the use of many different 
types of motors, including adjustable-speed, d-c., 
wound-rotor induction, squirrd-cage induction, and 
synchronous motors. For kiln drive and for various 
types of material feeders requiring a wide range of 
adjustable speeds, 280-volt, d-c. motors are used. 
Fe^er motors most commonly are 5-hp. open-type 
units, while kiln motoi;s may be rated at from 50 to 100 
hp. Controls for the various motors are concentrated 
in groups at convenient points so that the Min operator 
may control the slurry or dry feed, the coal feed, the 
Min rotation, and other related op^tions. 

"Electric power shovels are meeting with much favor 
in cement noill quarries^ and those subject to heavy 
wprk are almost sure to be operated on generator 
voltage (Ward Leonard) control. On such shovels 
there is a motor-generator set, either synchronous or 
induction, with three d-c. generators, one each for the 
hoist motor, the s^g motor, and the “crowd” motor. 
Operation and reversals of these motors are controlled 
solely by the strength and polarity of the fields of their 
generators, a S 3 ^dem which enables the shovel to do a 
tremendous mount of work in such a smooth way that 
maintenance no longer is a heavy item in shovel opera- 



“Super-synchronous" motors provide fot full¬ 
load starting: the four 800-hp., 180-rev. peg min., 
2,200-volt motors drive two fnills for 
finish grinding 

a motor load of from 125 to 180 per cent of normal. 

For this particular duty “super-synchronous” motors 
were developed. This type has a stator inounted on 
tnmnion bearings and surrounded by a band brake. 
When it is desired to start one of these excessively 
heavy loads, the brake is released andthe stator brought 
up to syncluonous speed while the rotOj and its load 
are standing still. This makes available the whole 
normal pull-Out torque of the motor for starting the 
tube mill load and, as the brake is applied gradually, 
the stator slows down and the rotor speeds up. Of 
course, the sum of the stator and the rotor speeds 
always is synchronous speed. Aftw from 10 to 20 sec.. 
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as dictated by permissible current limits,,the stator is 
brought completely to rest and the motor thereafter 
continues to perform as a normal synoJironous unit. 
The brake may be applied either by hand or by a direct- 
connected pilot motor set to operate at a predetermined 
rate. In common with the other synchronous motors 
the power factor of these machines may be adjusted to 
smi^e power factor demand of the plant. Normally, 
tEese large motors are started from a reduced voltage 
bus energized through an auto-transformer or compensa¬ 
tor, although in some of the new mills they are started 
direct on full voltage. 

High torque synchronous motors are being applied 
with good results to tube mills where the power system 
js adequate to stand the current inrush incident to eight- 
or ten-second starting. The motors have double 
sqmrrel-cage or amortisseur windings, which affect 
the starting torque and starting current just as the same 
construction affects a squirrel-cage induction motor. 
This type of motor presents the simplest form of syn¬ 
chronous motor drive for hard-starting loads, since it 
requires no clutch or special mechanical construction. 

In a 3,600-bbl.-per-day cement mill of modern design 
there will be about 3,000 hp. in induction motors and 
3,500 in s3mchronous motors. Power factor of the in¬ 
duction motor division will range from 0.82 to 0.85, 
since aU of the motors are fairly hi^-speed units and 
cawy practically full load, while synchronous motor 
power factors, of course, are controllable. A common 
practise in one mill is to operate all of the smaller 
synchronous motors at unity power factor and to oper¬ 
ate four 600-hp. imits at 0.90 leading. This results in 
3,000 hp. operating at 0.82 lagging power factor, 1,000 
hp. atnmity power factor, and 2,400 hp. at 0.90 leading 
power factor. 

Continuous operation is of vital importance in several 
t)f the steps in the manufacture of Portland cement, and 
extraordinary precautions are taken to avoid shut¬ 
downs. Duplicate units, high class wiring, ample 
sizes for al^ equipment, high class supervision and care¬ 
ful maintenance make possible continuous runs of as 
long as 23 months. After such a period drastic renewals 
and other maintenance measures are executed to make 
possible another* long and uninterrupted period of 
production. 

Safety to personnel is provided for in the cement 
industry to a degree not found in many other industries. 
This attitude is reflected in the entire electrical in¬ 
stallation accoimting for the prevalance of push-button 
magnetic control for the mechanical safe-guarding of 
live parts of motqrs and control and for the strict en¬ 
forcement of rules limiting changes or adjustments to 
electrical equipnaent to properly qualified parsons. 

A few years ago cement mills were considered to be 
particularly hard on electric motors and similar equip¬ 
ment because of the prevalence of abrasive dust. Cor¬ 
rective measures have been so tensive and successful, 
however, that no extra precautions now are needed 
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to insure successful operation of electrical devices in a 
cement mill. In fact, motor generators, air compressor 
motors, large mill motors, and in some cases even the 
switchboards themselves are installed out in the open 
in the mill room, a place where in the older mills the 
dust was the thickest. Today, a cement mill may be 
made as clean as a food producing plant. 

♦ ♦ ♦ 

What of the 
Foreign Job^ 

In the new and rapidly developing 
countries lie great opportunities for 
speedy advancement, so attractive to 
the young engineer; but forethought 
is necessary if such a step is to be taken 
advantageously. 

By Percy H. Thomas 

OoiisuLting Engineer, Now York 
Fellow, A. I. E. E. 

S OMETHING mysterious, something 
appealing to the imagination of a 
young engineer, is to be found in 
the contemplation of a “foreign job.” The idea of 
going abroad among a group of people perhaps some¬ 
what baclcward in latest engineering and construction 
methods, and helping them to create a record-breaking 
mining plant that will earn large profits; or, to install 
a far-spread and efficient power systemi to bring from 
high mountains electric current for a great city with 
incidentally a large financial nest egg,—^is enough tq, 
stir the blood of any young, ambitious engineer. This 
after all is as it should be. 

When, however, a young man with a few years’ 
experience in practical engineering, asks,*for advice as 
to whether to seek a job abroad or to stay at home, 
the impulse is to recommend that he stay at home. 
For this there are good sound reasons; the chief.one, 
that experience has proved that the goal pictur^ by the 
imagination of the young .gnan is seldom achieved. 
Conditions involved in scoring a con^icuous success 
in foreign engineering fields axe many and exacting, 
and few men have the requisite qualifications. Not 
many, however, realise their own limitations, nor the 
difficulty of maintaining a proper perspective in new 
surroundings. Once a man is launched in a foreign 
country on a three-year contract a change of berth is 
no longer easy. Nevertheless, for the right man this 
service abroad offers inviting opportunities. 

There are two types of service to be considered. 
In the case of the man from “the Statesi’*the ampler 
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and more usual undertaking is the signing of a contract 
with a large construction or operating company, con¬ 
trolled from the home country—a job somewhere in 
Mexico or South America. In such a case, the man 
goes among people of his own kind—speaking the same 
language, with the same backgroimd, and living the 
same *sort of life. All matters of transportation, 
housing, sanitation and health, and the regularity of 
pay day are company provisions. The real effect of 
the situaition, however, is to give opportunity for inten¬ 
sive technical work, free from distraction and with a 
good chance to use ingenuity and resourcefulness in 
overcoming new or locally adverse conditions. There 
is a chance to evidence intelligence, grit, and character; 
and two or three years in a foreign country under usual 
conditions will go far to develop all these qualifications. 
It is remarkable how one’s personal characteristics are 
stressed; always liquor temptations must be met,and 
when abetted by example, homesickness, and physical 
exhaustion it becomes insidious and hard to resist. 
The success and promise of many a young man has been 
destroyed by overindulgence. 

Also, away from the society of women acquaintances, 
it is dij05cult to satisfy a longing for society. On the 
foreign job women are few and most of those present 
are married. With the persons assigned to work with 
him a man often finds himself thrown with unpleasant 
and uncongenial personalities; this will be trying and 
frequently irremediable. 

Conditions are usually even more difficult for a man 
who takes his wife with him, for the limitations of 
such a life weigh more heavily upon her. Lack of 
conveniences, absence of the relaxations and diver¬ 
sions to which she is accustomed, and the long distance 
from relatives and friends, are trying, especially since 
the woman does not have the stimulus of the job’s 
constructive work. And discontented wives may 
cause real difficulty. But there is another side to the 
woman’s work on the foreign job; a tactful, good- 
willed woman can do wonders in brightening up camp 
life and in q;rganizing sodal activities. In fact com¬ 
panies depend upon a sufficient proportion of this type 
to keep the spirits of their men normal. 

On a foreign job, advancement in authority and 
personal development are rapid, and a man may rise far 
in three years. Ability and adaptability count; and 
fiirther, a man Usually gets a wide variety of experience. 

At the end of the contract, the difficult question 
arises whether to stay or return home? ^ In the latter 
cSse there ik usually little difficulty in picking up the 
home threads, the periqd of absence not having been 
great. But for the successful man, with offer of more 
pay, more responsibility, more interesting work, and a 
feeling of partnership and loyalty for the enterprise, 
the temptation to stay is strong. Generally, if a man 
takes his second contract he has mossed his Rubicon 
and is likely to have a more or leas permanent stay. 
But if he mshes to marry, the question of finding a 
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wife is a formidable one; some find .girls of their 
own nationality oq thb job; some many women of 
the adopted country, but ordinarily, the choosing is 
under unfavorable auspicesr 

When the family begins to grow up, the question of 
schools inmeases the difficulty, and usually as they 
reach their late' “teens/’ the yoimg folks are s^^ack 
to the home country. The sequel is that 
arrive at college age or even later, there is effort for the 
return of the whole family. Then the engineer finds 
himself out of touch with home conditions and former 
friends. Very few succeed in placing themselves to 
advantage, some obtain only inferior positions, anji 
not infrequently, a man with financial obligation&must 
return if he may, to the old job. 

It is sometimes supposed that companies pay ex¬ 
ceptionally high salaries to engineers going to foreign 
jobs; this is a mistake, for salaries are likely to be 
rather less than more. It may be said, however, that 
on the foreign job it is comparatively easy to save a 
large part of the salary, and this, in the course of years, 
may amount to a material sum. 

The second type of foreign service is the engineer who 
goes to stay in the new country; to develop with 
its life and industry. Only those exceptionally fitted 
and very sure of their ground should consider this 
course. At the start it is difficult to picture clearly the 
process and outcome, but once the die is cast it will be* 
hard to turn back, even though many periods of doubt 
and regret may arise. 

Success will lie in entering whole-heartedly into the 
life of the country and adopting its ways and ideas; 
not on sufferance, but with approval and appreciation. 
In civilization, point of view, mode of living, "use of 
leisure, and so on, the people of a foreign country are 
apt to contrast strongly and unfavorably with those 
at home. It should not be forgotten, however, that 
their customs may be different rather than inferior; 
that life and happiness are complex, and that after all 
only a few»of the opportunities of pleasure ,find mture 
offered anywhere may be embraced. While one life 
may excel in certain things, another may 1^ in 
others. Genuine success must be based upon accom¬ 
plishment, friendships, and appreciation of one's neigh¬ 
bors. Human nature is the same the world over and it 
is a fact that if one treats people kindly, appreciating 
their good points, assisting in their enterprises, 
training oneself in their language, studying their litera¬ 
ture, and being generally sympathetic, the reward will 
be ample. , 

It is the new and rapidly developing countries wherein 
lie the .coniing generation’s opportunity for service 
and advancement. Splendid possibilities for com¬ 
petent individuals as representatives of home com¬ 
panies exist in foreign countries, but to hold the 
confidence and sympathy of the native men of affairs 
and at the same time' serve the best interests of the 
home company is no mean achievement. 
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Small Alternators now 
Fully Automatie 

By Earle R. Wetzel •> 

Blecti'lciil Engineer. Kohler Oo.. Kohler. Wis. 

Associate A. I. E. E. 

F ull-automatic alternators 

with inherent voltage regulation are 
now available in 6- and 10-kv-a. 
sizes.<i These units have been designed especially to 
1)6 used* in connection with small engine-generator 
plants ^here an a-c. supply is dedrable. With this 
equipment a distribution system may be of stjmdard 
two- or three-wire construction in which every switch 
operates as a remote-control device for operating the 
plant without special control circuits. 

In the design of this machine difficulties formerly met 
in connection with inherent regulation have been over¬ 
come. Armatures for both alternator and exciter are 
mounted on a common shaft carried on a single set of 
bearings. Further to simplify construction the two 
sets of field poles are mounted in a single frame. The 
resulting combination machine has a voltage regulation 
•nearly the equivalent of a compound-wound d-c. 
generator, and achieves this end without manual or 
sensitive automatic devices. 

The two armature cores are built from standard 
laminations and assembled on a common shaft with 
slots in approximate alinement. Each exciter armature 
coil is form-wound with a definite number of long and 
short turns with a continuous conductor. Short turns 
are lapVound in the usual way in the exciter slots only, 
While the extensions constituting the long turns are laid 
simultaneously in the alternator slots. Alternator slots 
are only partially filled with the long coils from the 
exciter armg,ture and in these slots, the alternaftor coils are 
assembledsubsequently in any voltage or phase i^ation 
desired. The two sets of windings are insulated from each 
other, and-therefore the two voltages are independent. 

In operation wi?h zero current output from the alter¬ 
nator, the exciter voltage is the vector sum of that 
generated by the exciter windings revolving under two 



Double armature assembly oS S-ondlO~kv-o.fulU 
automatic alternators 
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Voltage curves of three-phase alternator^exciter 
unit for various loadings. All curves at running 
temperatures and with increasing loads; voltage 
of cold plant about 130 

sets of field poles. Each alternator field pole is opposite 
in polarity to its adjacent exciter field pole and displaced 
approximatdy 40 electrical degrees in the direction of 
rotation. There is therefore a differential action of the 
generated voltage in the extended exciter armature coils 
as compared to tliat portion in the excite* armature 
slots. Any weakening of the alternator field reduces 
this differentiaJ voltage, permitting the excite voltage 
to rise somewhat proportionately. 

It should be realized that any alternating current in 
the alteniator coils is in synchronism with the respective 
field magnetism in such a way that the extended exciter 
armature coils receive their magnetic flux resultant 
from that of the alternator field poles and the ampere- 
turns of the altenator coils in the same dots. This 
change in the relation of voltages generated in the two 
sections of each excite armature coil gives the effective 
compounding desired, and the apgular relation of the 
two sets of field poles decreases this differential or buck¬ 
ing action on low power factors with a corresponding 
rise in excite voltage., 

To maintain stable exciter voltage over a wide range 
of alternator loads without extreme magnetic satura^ 
tion on the heavier loads, the Sxcite voltage increase 
approximately 50 per cent on full alternator loads, with 
a possible 100 pm* cent 'rise when starting large poly¬ 
phase motors. Flffective compounding can be altered, 
if necessary, with an adjustable resistance in the 
alternator field circuit. • 

While this system of voltage regulation may serve 
only small alternators of low voltage, it is machines pf 
this capacity which do not receive technical attention 
in service. Pull-automatic op.era#n.necess\tates auto¬ 
matic voltage control. 
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Insulation Research 

Turns Again to Fundamentals 


After digression to follow specific 
channels of commercial stimulation, 
insulation and dielectric research is 
finding that known facts can be inter¬ 
preted correctly only with fuller knowl¬ 
edge of underlying fundamentals. 


A' 


N IMPOSING array of subjects 
pertaining to the research being 
directed toward improvenaents in 
and a better understanding of electrical insulation was 
presented at the third annual conference of the Com¬ 
mittee on Electrical Insulation of the Division of 
Engineering and Industrial Research of the National 
Research Council. This conference was held at the 
Bureau of Standards in Washington, D. C., Nov. 7-8, 
1930, and attracted the attendance of more than a 
hundred physicists, chemists, and electrical engineers. 

It was of particular significance to note that the 
trend of research "effort in this field is definitely toward 
a better understanding of fundamentals. This ^ves 
rise to hope that the proponents of the three widely 
held and largely incompatible theories-^(l) dipolar 
molecules, (2) anomalous conduction, (3) colloidal 
assemblages—may find common ground for an undw- 
standing. At the present time none of the theories 
held really satisfactorily explain the insulation problems 
faced by the practical electrical engineer. 

In an attempt to present something of a cross-section 
of the activities reflected at the Washington conference 
the nn^ua^l report of Doctor J. B. Whitehead, its chair¬ 
man, is presented herewith practically in full and 
abstracts of reports of several of the specific studies are 
presented om the following pages. 


Year’s Efforts Show 
Commendable Progress 

By Dr. John B.rWhitehead 

TtLO John Hopkins Univeislty, Baltimore 
P^iow, A. I. B. B. 


R esearch and development in the field of 
dielectrics and insulation have resulted in notable 
progress during , the past year. Experim^t^ studi^ 
Imve ranged from fundamental questions in the fields 
of pure Physics and chemistry, thro^h the «nportant 
inf^e^te field of effort made to brmg together the 
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talents, resources, and enterprise of both pure'J^ 
applied science to the wide and always active field 
of direct development by cut-and-tiy methods for 
the improvement of insulating materials and structures. 

Liquids 

In the class of fundamental studies tho^ of perhaps 
most direct interest are the studies of dielectric con¬ 
stant in liquids, with particular reference to molecular 
orientation and the contribution of this phenomenon 
to the resulting polarization. Of sperial inter^t is 
the increasing discussion of polar molecular orienta¬ 
tion as an explanation of dielectric loss under ^ter- 
nating stress. Another important group of studies is 
on the relation between fundamental chemical struc¬ 
ture as varied through a series of liquid iromers and 
their corresponding electric and other physical proper¬ 
ties. Several independent researches of this type nowi 
are under way. Interest in these two groups of prob-fc 
lems is general, not only in this country, but also 
abroad. More than any others, they give promise of 
further knowledge of the ultimate structure of the 
dielectric molecule. Closely related studies are those 
on the conductivity encountered in commCTcial insu¬ 
lating liquids and its relation to alternating* stress. 
These liquids often excel in electrical properties, the 
purest used in physical research and obey much the 
same laws. In these cases the laws of conductivity 
are found to vary widely as related to both elec^c 
stress and duration of application, both having im¬ 
mediate bearing upon the amount of losspndef alter¬ 
nating stress. Several theories have beeij, propos^ 
as to the origin and nature of the several types of ionic 
carriers apparently present in these phenomena. 

Crystals 


Important fundamental studies are being directed 
also to the problems bf solids as exemplified in crystals. 
Their rdative freedoin from impurities gives favorable 
opportunity for study of the nature of their residu^ 
conductivities, polarization dectrofiiotive forces, ulti¬ 
mate electric breakdown strength, apd othw allied 
properti^. One result of this work has been to show 
that the structure of even the purest ctystals of any 
contiderable size is iiot so uniform as supposed, and 
that irregularities and faults often play an important 
part in the electric behavior of even the best of these 
materials. 
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Break-Down Studies 

In the intermediate class of studies ill which effort 
is made to combine fundamental knowledge and 
technique with the problems of practise, there is a 
remarkably wide range of studies on the breakdown 
strength of gases, liquids, and solids.’ Development 
of i-he cathode ray oscillograph has extended the range 
of the intimate observation of short-time phenomena 
enormously. As a result, in the case of gaseous break¬ 
down, early apparent discrepancies between the 
results of observation and the indications of Townsend’s 
theory of secondary ionization are now through the 
recognition of other influences in a fair way of being 
renaovedl Chief among these is new evidence as to 
the importance of space charge resulting from the 
initial stages of ionization, in setting up new and higher 
values of local electric stress. The importance of these 
phenomena in their relation to the shape of discharge 
electrodes has been recognized with resulting indica¬ 
tions for improvement in the breakdown strength of 
the various flashover gaps of practise. 

There have been several series of careful investiga¬ 
tions of the conditions surrounding the breakdown of 
liquids ranging from those of simple type such as 
hexane', pentane, and xylol, to transformer oil and other 
commercial insulating liquids. These studies present 
much new evidence on the influence of temperature, 
pressure, and shape of electrodes, and particularly of 
the conductivity as a measure of the dissolved impuri¬ 
ties. There is recent evidence that a variation of 
breakdown voltage with pressure may be entirely 
attributed to impurities. 

Many studies on the breakdown of solids have been 
reported, mostly from German sources but with one 
interesting group in this country. Efforts in all this 
work are directed largely toward a closer control of 
temperature and field distribution. Results always 
point to a separation of several possible types of break¬ 
down, notably the simple electric breakdown as based' 
upon motecular structure, and thermal breakdown 
resulting from temperature increase of conduction in 
its influence as ionizing agent or directly on molecular 
breakdown through increased kinetic activity. 

Conductivity of Insulating Liquids 

Other studies in the intermediate group referred to 
are those of the conductivity of insulating liquids with 
special reference to the modification of their properties 
through mixtures. An example is an interesting pro¬ 
posal which traces the residual conductivity always 
found in insulating oils to the presence of colloidal 
particles always present in such oil. These particles 
have high powers of absorption which converts them 
into large, heavy ions. Their action jointly with 
ions of other types may be invoked for explaining 
several well-known, but hitherto little understood, 


peculiarities of liquids of this class. Supporting the 
suggestions of several speculative studies in this field, 
the presence of space charges in liquids also has been 
shown with associated variations of potential gradient. 
In accordance with indications of this type, it would 
appear that all liquid insulators, even the best, have a 
small residual conductivity due either to dissociation 
or to extraneous radioactive influence, but that this 
conductivity has relatively little influence upon their 
behavior as insulators. More important is a super¬ 
posed conductivity due either to residual impurities 
or perhaps to partial molecular instability, which results 
in a larger and heavier type of ion that plays its part 
in the formation of space charges and particularly in 
the short-time conductivity which reflects itself in 
dielectric loss. 

Another group of studies of liquids are those directed 
toward the stability of the ultimate structure as 
revealed under the influence of corona discharges, high 
stress, cathode ray bombardment, and the like. The 
gases involved and the residual products are looked to 
for indications of the nature of the deterioration process 
in insulating oils. 

High-Tension Lines and Cables 

Also covering an extension range, the third broad 
group of development studies involves direct experi¬ 
ments on the improvement of known insulating mate¬ 
rials and methods, and the discovery of new ones. 
Improvement of insulation for overhead high-voltage 
lines heretofore has not engaged the attention of the 
National Research Council’s committee on electrical 
insulation; nevertheless it is an active field from the 
standpoint of insulation and there is a continued study 
by its own group of specialists. In this direction 
conspicuous results have been obtained recently in in¬ 
creased knowledge as to the importance of the mechani-’ 
cal design of terminals and flash-over distances in 
their influence upon the distribution of electric stress 
and breakdown voltage. Here, progress is directly 
related to the more fundamental work dn the break¬ 
down of gases already discussed. 

Problems presented in impregnated paper as applied 
to high-voltage underground cables comprise another 
extremely active field. Studies in this field range 
from the original structure, manufacture, and resulting 
properties of paper, through a Bsoad series of problems 
in impregnating oils, into the methods of impregnation 
and assembly. Another group concern's itself with 
modifications of the mechanical setup of the cable 
structure itself—all looking to higher stresses and 
longer life. Among the more important accomplish¬ 
ments are increased knowledge as to the stability of 
oils, the separation of the component losses in impreg¬ 
nated paper, better understanding of internal ioniza¬ 
tion, and many others. 

Several investigations—usually accelera£ed life te^ts 
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—as to the influence of residual air and residual mois¬ 
ture in cable insulation are \mder way. In this con¬ 
nection, problems demanding solution include a suitable 

accelerated life test on small samples and the law 
connecting life with voltage and time. Less attention 
apparently has been given to the question of wax 
formation in cables, which still remains unexplained. 
Many improvements in both electrical and mechanical 
characteristics of various materials for relatively low- 
voltage insulation have been announced. Noteworthy 
reports have been made of non-lead-covered insulation 
for underground service and of rubber insulation having 

corona-resisting properties. 

Increasing evidence of the advantages of oil-nlled 
cable must be given conspicuous mention. Originally 
developed for the highest voltages, its value in lower 
ranges now is recognized largely because of the simpli¬ 
fication of joints, terminals, oil-feed, impregnation, and 

other features. ,, , i 4. 

Reference to all this progress would not be complete 

without mention of the agencies in this country respon¬ 
sible for it. Universities, government agenci^, national 
scientific bodies, manufacturers and public utilities 
are all uniting in the attack. Each fitted for special 
types of investigation, their joint efforts insure a 
steady advance in knowledge. 

References to Current Literature 

For the convenience of those who may wish to view 
first-hand the contemporary published record 
mation that has come to the attention of Doctor white- 
head during the past year, and upon which some of 
his conclusions are based, the following list is given: 
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Conductivity 
of Insulating Oils 

P apers by Doctor J. B. Whitehead and by Prof. 

K. F. Herzfeld present further results from the 
extended program of research under way at Johns 
Hopkins Univwsity on the fundamental properties of 
insulating liquids, with special ref^fflice to their use 
for the impregnation of paper. The general course of 
these studies has indicated that witWn the normal 
operating range of temp^ature the dielectric lo^ in 
insulating oils of the better known types can be entirely 
accounted for by the conductivity as measured for the 
very short time intervals corresponding to the pOTod 
of commercial alternating circuits. In the case of 
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im pregnated f>aper, dielectric I 9 SS is entirely accounted 
for by dielectric absorption as measur;^ under con¬ 
tinuous potential. Doctor Whitehead^s paper is a 
further study of the short time conductivities, and has 
revealed for the first time the presence of dielectric 
absorption in a liquid. The influence of this on dielec¬ 
tric JrcTs is examined. His own abstract follows: 

tlontinuous-Gurrent characteristics of several insu¬ 
lating oils are studied for time intervals beginning 0.001 
sec. after the application of voltage or short circuit. 
Ei^ntial equipment is the amplifier oscillograph in 
connection with a quick-acting switch. It is found 
that in one group of oils there is an initial conductivity 
whicll is constant over the period of the first second 
'foUowin'fe the application of the voltage. Thereafter 
there is? a slow decrease of conductivity to a final value 
much lower than the initial value. It is shown that 
this initial constant conductivity is sufiicient to account 
for all of the dielectric loss under alternating stress. 

‘Tn another group of more carefully refined and 
deaerated oils there is superposed upon the brief initial 
constant conductivity a still shorter initial evidence of 
dielectric absorption. During the first few thousandths 
of a second the charging current decreases sharply; is 
followed thereafter by a constant conductivity up to 
about one second, and thereafter decreases further to a 
much lower value after a long time. The initial absorp¬ 
tion period has a corresponding discharge curve on 
short circuit. The measured value of the alternating 
loss in this case is completely accounted for by the 
sum of the loss due to the initial period of absorption 
in combination with the succeeding short-time-constant 
conductivity. 

“Otfi,er results are presented on the variations of the 
initial ^nd final conductivities with the voltage and 
^th temperature. The final currents show saturation 
characteristics, but the initial high conductivities do 
not. ” 

In Professor Herzfeld’s paper are given results of a 
mathematical study of Prof. Whitehead’s results, look¬ 
ing to a determination of the size and character of the 
ions involved in the anomalous conductivity of these 
oils. This* question has direct bearing upon the 
problem of the change in electrical behavior and 
characteristics of impregnated paper as related to those 
of its two constituents. Studies of this question also 
were described in a separate paper, presented at the 
same meeting by Doctor W. B. Kouwenhoven. Prof. 
Herzfeld’s abstract follows: 

“It has been shown in a previous paper how the 
methods developdli in the study of conduction of 
electricity through gases could be applied to determine 
the nature of the ions present in liquids and solids. 
In the present paper these methods have been applied 
to the measurements (recently performed by Whitehead 
and Marvin) of the space charge set up in insulating 
oils by a steady electric field. The procedure is the 
following: 


“The shape of the curve shows that the current must 
be considerably below three^fourths of the satura;tion 
current. It is possible to fit the curve closely by 
ftHgnTTrtiTig the Langevin constant to be (3 = 36 d= 10. 
From this the ntunber of ions present in the normal 
state and their mobility can be calculated, which turns 

cm. volt " 

out to be 3.5 10"® ± 50% per ~~ . With that 

assiunption the mobility is of these ions inversely 
proportional to the viscosity; mobility in water would 

cm. volt . 1 'j. 10 

be 1.2 10 "*-per-or, m the usual units, 12 . 

see. cm. 

If one assumes that Lorenz’s results for organic ions 
can be applied, these ions should have approximately 
110 atoms. From the boiling point of the oil one would 
conclude that the molecule of the oils contains about 
46 atoms.’’ 

♦ ♦ ♦ 

Impregnated 
Paper Insulation 

By F. Hamburger, Jr. 

Johns Hopldns University, Baltimore 
Afisociato, A. I. B. E. 

T his abstract of a preliminary report gives some 
results of a study of the life of impregnated paper 
insulation under way at the School of Engineering, 
Johns Hopkins University. The work is being sup¬ 
ported by the subcommittee on impregnated paper- 
insulated cable research of the National Electric light 
Association. In an earlier work under the same, 
auspices, a study was made of the influence of residual 
air on dry impregnated-paper insulation. Results of 
that study (Vol. 47, No. 1 Transactions A. I. E. E., 
January, 1928) showed the desirability of Investigating 
the effect which different amounts of residual air would 
have upon the life of impregnate^ paper insulation. 
A brief summary of the results so far obtained is given 
here in the form of eight conclusions, briefly qualified. 

Life-Pressure Relations 

A series of accelerated life tests were made on mo^p 
than 135 samples of impregnated paper'insulation in 
which the only variable was the amount of residual air. 
Results of this extensive series of tests led to the fol¬ 
lowing conclusions: 

1. The life of impregnated paper insulation increases steadily 
■with a decrease in the amount of residual air. 

2. The life of impregnated paper insulation decreases rapidly 
impregnation pressures above 2.5 cm. Hg., absolute pressure. 

3. For pressures below 2.5 cm. the normal ■variations^ in 
structure of the samples, particularly tightness,* are more im¬ 
portant than the amount of residual air. 
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The pressure range from 40 cm. to 2.5 cm. studied 
with one compound showed an increase in life from 
150 to 2,370 hr. A second compound was used to 
investigate the pressure range from 2.5 cm. to 2 mm. 
and in that region the decrease in pressure was accom¬ 
panied’by an increase in life from 4,159 to 6,370 hr. 
Ifi addition to these conclusions as a direct result of 
the tests, the necessary preliminary work led to the 
development of a satisfactory type of sample and 
reenforced ends for use in accelerated life tests. Several 
other interesting features have come out of the work 
which will be treated briefly here. 

Voltage-Time Relations 

Accelerated life tests wae carried out by means of a 
step-test in which several different voltages were used. 
A typical example of the step method used on a number 
of samples is as folloM^: 

400 Volts per mil for 22 hr. 

500 Volts per mil for 22 hr. 

600 Volts per mil for 112 hr. 

700 Volts per mil to breakdown 

Since the step-test was used it was necessary to have 
some method of correlating the lives of the samples at 
the different gradients of the test. Investigation led 
to the adoption of the so-called “eight-power law” as a 
mode of comparison. From the experience obtained 
in this connection the following conclusion was reached. 

4. The so-called "eight power law” is sufficient for making 
correlations in such tests as these but leads to unreasonable 
results if an attempt is made to use it to predict actual life from 
accelerated tests. 

Cable Compound Deterioration 

Of the two cable compounds used the first supply was 
put up in five-gallon cans sealed under vacuum at the 
i^finery. Some of this compound was not used until 
after it had stood in the containers for seven or eight 
months; when it was used a marked deterioration was 
found to have occurred. The second shipment was 
supplied'in 50^gallon drums and was protected from air 
by the presence of carbon dioxide. Over a period of 
nine months this copipound showed no detodoration. 
Hence, the conclusion reached is; 

5. CaSle oompdimd deteriorates even if it contains only a 
small amount of air, in spite of its hei^ kept in sealed containers. 
Air should be entirely excluded to avoid deterioration. 

Pactdr Characteristics 

Power-factor characteristics were followed carefully 
throughout the life-test work; sUCh observations have 
led to the conclusion: 

6. Power-factor characteristics such as the variation of 
power factor with, respect to voltage, power-factor Variation with 
respect to time, or the absolute vmue of power factor give no 
. iii.d?oatioii of insulation life. 

PKBDBTBRMINATIbN OP INSULATION LIFE 

The first period of voltage application during the 
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life test, usually 22 hours at 400 volts per mil, was 
accompanied ip alm'ost every case by an increase of 
power factor. This initial j)ower?factor rise seems to 
bear some relation to the life of the insulation and leads 
to a fair correlation which seems to be worthy of call¬ 
ing to the attention of workers in the insulation field. 
The conclusion drawn is: 

7. Power-factor rise due to the initial application of voltage? 
during a life test may be a criterion of insulation life. 

This point seems worthy of further study. 

♦ ♦ ♦ 

Predetermination 
of Cable Deterioration 

I N abstracting his report “The Predetermination of 
the Deterioration of Impregnated Paper Insulation,” 
D. W. Roper, Commonwealth Edison Company, Chi¬ 
cago, says: 

“All specifications for impregnated-paper-insulated, 
high-voltage cables, both domestic and foreign, are 
defective in one respect; namely, they do not insure the 
stability of the insulation under normal working condi¬ 
tions. Several suggestions have been made in this 
country and abroad, and the Commonwealth Edi^n 
Company has tried all of these tests on samples of 66-kv. 
single-conductor commercial cable made in the past few 
years, and it has also tried a few new methods of its 
own devising. 

“While these tests, which have continued over a 
period of more than two years, have resulted in securing 
some interesting technical and scientific information, 
up to the present time they have not discovered any 
test which could be made within the span of few days, 
and yet be sufficiently accurate to he included in cable 
specifications as a test for stability of the insulation.” 

♦ ♦ ♦ 

Chemical Research 
in the Field of Dielectrics 

C HEMISTRY is playing an ever-inCTeasing part in 
insulation practise. F. M. Clark, General Electric 
Company, Schenectady, chairman of the subcommittee 
on chemistry, in absfracting his report, says: 

“During the year 1929-1930 there has been unusual 
activity as reported in the journals covering the chem¬ 
istry of insulating materials. While major interest has 
centered in molecular phenomena, the chemistry of 
insulation testing and the development of new mataials 
has not been neglected. There has developed both in 
this country and abroad a decided tendency toward the 
gaging of insulating materials on the baris of chemical 
aging rather than placing principal reliance on the 
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initial charactMstics. This dmands impl^Ved testing 
methods. The determination of addity in both paper 
and oil by electrome^c rather than b;^ colorometric 
analysis has given the inflation engineers a more 
satisfactory tool. 

“The problem of rating mineral oils for transformer 
use is still unsolved. Sludge accumulation tests slowly 
aife'Sisplacing the older tests based on the formation of 
first traces of sludge. No deciaon for or against oxida- 
dation under voltage has been made. Studies in the 
dielectric behaviour of organic liquids such as oil under 
varying types of electric discharge or under varied 
conditions for dielectric strength and the relation of 
these propCTties to the chemical nature of the material 
tested ^ould go far in determining the chstracta'istics 
and thd development of new types of liquid dielectrics. 
The type of discharge has been found to have but little 
effect on the products formed from the vapors of hydro¬ 
carbons, alcohols and organic chlorides. Recent work 
on the importance of impurities in oil has confirmed the 
older research results. 

“Continued researches during the year have sub¬ 
stantiated the hysteresis phenomenon noted in the 
water sorption curve for paper. The desorption mois¬ 
ture contents are higher than the absorption, due, it is 
believed, to changes in micellar surfaces of the cellulose. 
The adsorbed water molecules are held by residual 
valences. In cotton, the hydroxyl of the cellulose holds 
adsorbed water. Acetylation of the cotton therefore 
should result in decreased water adsorption, a prediction 
in accordance with experiments. 

“That the breakdown of solid dielectrics is funda- 
mentaljy electrolytic in nature is gaining considerable 
recognition. Whether electric breakdown is thermal 
or an ionization effect depends according to the hewer 
i^eas on the conditions of test. Secondary chemical 
changes in the dielectric itself or the testing medium 
may be of major importance in determining dielectric 
failure^ 

“Continued study of molecular phenomefta duiing the 
year has given added confirmation to Debye's theory. 
Deviations in most cases have been due to the effect of 
neighboring moleeules. Renounced polarity is doubt¬ 
less a factor in chemical behaviour, but a large portion 
of the polarities, assigned by various electron theories 
of valence, must not be considered as a physical fact 
but rather as a pragmatic representation of chemical 
behaviour. 

“Careful study of the didectric constant of organic 
materials is being pursued to determine changes in both 
chanical and phyfiical properties. Crystalline forma- 
tionininorganicoxideshasbeen shown to produce a drop 
in dielectric constant. Changes in the dielectric con¬ 
stant of amorphous substances have been approved to 
indicate crysl^ine formation. With the recognition 
of such changes, the synthesis of materials especially 
designed for tiie purpose may well be expected as the 
next step." 


A bibliography listing 68 references to cxirrent ma¬ 
terial concerned with the chemical side of insulation 
research was presented as' part of the report of which 
this is an abstract. Mimeographed copies of that 
bibliography may be obtained upon application to the 
Editorial Department, Electrical Enginewing, 3S West 
39th St., New York, N.Y. 

♦ ♦ ♦ 

Relays to Operate 
in One-Sixtieth Second 

A WHOLE new family of quick-thinking, 
fast-acting relays which operate in a single 
cycle, and base their decisions not on the customary 
time elements, but upon comparison of instantaneous 
values has appeared this year. Together with high¬ 
speed circuit breakers, they represent the modem view 
that continuity of service is best assured by cutting off 
troubles as fast as possible. All these Westinghouse 
relays act in one-axtieth of a second—^three to ten times 
as fast as has been customary. 

The HZ relay on the left of the illustration, in case of 
trouble on long transmission lines by means of a little 
wattmeter element perceives within one cycle which 
way the fault cmrent is flowing, and estimates the dis¬ 
tance to the fault by balancing this current against 
the voltage drop from the station to the short circuit, 
thus measuring the impedance. 

Transformers or other connected apparatus which 
develop internal disorders are removed from the system 
by the HA differential relay without the rest of the 
system being disturbed by the opening of other relays. 

High-voltage systems are frequently annoyed by' 
grounds, and this is the specialty of a third high-speed 
relay; it opoates on a comparison between the relative 
direction of residual line current and current in the 



These reUfys operate in a "split second" 
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grounded neutral of power transformers and is both 
extremely simple and fast. 

Parallel transmission lines have an understanding 
friend in the HD relay at the right. It not only sec- 
tionalizes the proper line in the twinkling of an eye, but 
thoughtfully doubles the tripping value of the line left 
in service. It operates upon a comparison of the sum 
and difference of currents in the two lines. 


Tennessee Lightning 
Investigation 
Continues 

Test results indicate that only one 
conductor of a line is involved in any 
one direct stroke; often is one adjacent 
to approaching storm. 

By J. Elmer Housley 

Ujnoxville Power Company, 

Alcoa, Tenn. 

Assodato A. I. E. E. 

W ITH the genera] acceptance of 
the cathode ray oscillograph in 
1928 for field investigations of 
lightning, a cooperative research vras undertaken 
jointly by the Knoxville Power Company and the 
Westinghouse Company, for which two field laboratories 
were established near Alcoa, Tenn. The factors 
governing the selection of this location were the great 
number of thunder storms and the existence there of a 
heavily-insulated tower transmission line with two 
circuits,-operating at 160,000 volts. The profile of the 
line varies from 700 ft. to 2600 ft., following a rugged 
country with severaHong river crossings. 

The configuration"^ of the cables is vertical on the 
double-circuit towers with the middle wire 4.5 ft. 
toward the tower and a vertical separation of about 
12 ft. between wires. The single-circuit lines have a 
horizontal configuration-wth 17.5-ft. spacing. 

^he suspension insulators are composed of 10 disks, 
and the dead-dnd assembly of ^ch of the triple strings 
have 12 disks. Hom-gaps are used on the line and 
ground side and a horn is placed on each side of the 
insulator string over the axis of the cable in suspension 
miits, and above the insulator in horizontal strings. A 
half-inch steel ground wire is common to both types of 
towers. 

From Investigation at Alcoa, Tenn.," presented at A. 1. £. S. 

Southern District Meeting. Lonisville, Ky„ Nov: 19-22,1930. 


Cathode-ray oscillograph and related equipment 
in field laboratory 

The stations were located near tower 70 and tower 
93 respectively, but the former was too remote from the 
storms at the ridge of the mountain and will therefore 
be discontinued. 

Three klydonograph installations were established in 
conjunction with each station. All klydonograph 
potentiometers were of the three-phase type, one was 
located adjacent to each station and one on either side 
of the stations one mile distant. . .This is illustrated 
below. The klydonographs are equipped with eight- 
day clocks and the film records are removed weekly. 

The station at tower 70 is a frame building lined with 
heavy groimded wire screen, and at tower 93 a 
sectional steel building grounded at several points. 

The equipment in each station is identical. A 
gasoline-driven 15-kv-a., 110-volt, three-phase, 60- 
cycle, a-c. generator supplies power for station use. 
The direct-connected 1-kw. exciter furnishes 125-volt 
direct current for use in the concentration coils &n the 
oscillograph. 

The Norinder oscillograph with its axuiliary equip¬ 
ment, consisting of vacuum pump, switchboard, lineari 
timing device, oscillator and high-voltage rectifier has 
been used throughout the tests and many improvements 
have been made in the apparatus and increased relia¬ 
bility has been obtained. 



Three-phase potmtiometer and Klydonograph 
installation for lightning studies 
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The small number of osdllograms obtained since the 
stations went into operation do not give a complete 
picture which would enable an analysis \o be made of 
the waves appearing on thtfline with their exact point 
of origin and probable voltages which existed there. 
The data obtained and observations made during the 
past three years have been valuable in relation to the 
^velopment of the cathode ray oscillograph and 
demonstrated the importance of this device in the field. 

Since the location of storms must be v&ry close to 
the station, chance plays a large part in the volume of 
data obtmned. Accordingly it is hoped that by con¬ 
tinuing the investigation over a period of time that a 
suffictent number of surges will be recorded so that a 
Xjomple'te analysis of them may be made. Low- 
resistahce tower footings and ground wire were indicated 
as desirable for decreasing flashovers. 

♦ ♦ ♦ 

Lighting Airway 
Beacons 

High-tension transmission lines may 
be tapped directly, through the use of a 
capacitor potentiometer device to sup¬ 
ply as much as 3 kw. of electric energy 
for isolated airway stations. 

By F. W. Cortland 

Oapacitor ICnKinuer. 

Wo8tlngli<)U80 JSlectiric & Munufuctui’ing Company 
Afisoclate A« 1. £. E. 

R apid progress of aviation dur¬ 
ing the last few yearS lias empha¬ 
sized the need of adequately lighted 
airways. Airports have been located near the cities 
where electric power for floodlights and searchlights 
was readily available, but the supply of power to airway 
beacons in isolated places has been a more difficult 
problem. Beacons in such localities have been operated 
from low-voltage transmission lines or where these were 
not available, gas engine-driven generators have been 
used. The power required for such installations is 
approximately 2 kw., and low-capacity transformers 
are available whe?e the system voltage does not exceed 
28,000 volts. When higher voltage lines are encoun¬ 
tered the smallest standard transformers built vary 
from 15- to 100-kv-a,, increasing with the system volt¬ 
age. A 100-kv-a. transformer used to deliver only 2 

kw. is not only expensive but also inefficient. 

From ‘'Lighting Airway Beacons” presented at the A. I. B. B. Soutbem 
District Meeting, JjOUlsvUIe, Kjr., Nov. 19-22,1980. 


A paper presented by Messrs, SpracMen, Marshall, 
and Langguth at the Winter Convention, February 
13-17, 1928, described a potentiometer device for use 
with condenser tj^ie bushings, which supplied sufficient 
power for operating rela 3 rs and synchronizing equip¬ 
ment. With the development of high-voltage outdoor 
capacitors of the suspension type, came the possibility 



Fig, I, Theoretical circuit, single line to ground 

of adapting them to a potentiometa* circuit which 
would supply greater amounts of power than obtained 
from a condenser bushing. While the capacitor could 
be thus used to supply very great quantities of low- 
voltage power, the capacitors as built at present are of 
such size and construction that it is not contidered 
detirable or economical to obtain more than 2 or 3 kw. 
from such a circuit. 



Fig. 2. Single line to ^h^und using small 
transformer 


The capacitor power supply or “capadtap,” con^ts 
essentially of a number of suspension type capacitors 
connected in series with a portion parailded by the 
load and a reactor in series (Fig. 1), Since in most cases 
voltage at the load is 110, considering capacitor eccm- 
omy, the use of a small transformer (11,000/110) as 
shown in Fig. 2 is more desirable. Considering circuits 
which produce the same voltage regulation, another 
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Fig. 3. Theoretical circuit, double line to ground 


two enclosed* spark-gaps. Both transfonner and re¬ 
actor were tapped .to ^"ve the desired adjustments. 
Each of the ’low-voltage capacitors was 0.020-juf., 
10 ,000-volt and each of thelugh-voltage capacitors was 
0.008-/tf., 16,000-volt. The reactor was. designed for 
14,000 volts and had 176 henrys maximum inductance. 
The ^ark-gaps were placed in parallel with capacitors 
b e and b' e. 

The^ individual capacitor imit is shown in Fig. 8. 
It is similar in design to those used for carrier current 


modification of this drcuit, as shown in Fig. 3, has an 
additional advantage in that the full-load ground cur¬ 
rent is much les^ than that of the equipment shown in 
Pig. 2. 

A capadtap as shown in Fig. 4 was built for studying 
the performance and practicability of this circuit. 
The equipment, built for supplying 2i^-kw. unity 
power factor at 110 volts from a 66-kv. line, had load 
voltage curves as shown in Fig. 6. The euive of Fig. 6 
shows the result of varying the size of reactor. The 
complete circuit as shown in Fig. 7, consisted of eight 
low-voltege capacitors, sixteen high-voltage capacitors 
shown in Pig. 8, a standard transformer, a reactor and 



Clpse-up of an experimental pole-top 
'bn taking 2^^ kw. from a gg-kv. tine 



Fig. S. Load-voltage curves taken from an 
experimental installation 

applications, but has a special rating. The construction 
is such that the capacitor will flash over the outside of 
the porcelain before it will flash through the ipside; 
the characteristics are similar to those for line insu¬ 
lators; the wet flashover at 60 cycles is 70-kv. and the 
dry flashover is 116-kv. The weight of each capacitor 
is approximately 115 lb. 

Installation 

The capadtap may be installed in several ways; by 
suspending from an existing tower, or from a tower or 
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Fig. 6. Curve of regulation vs. inductance of 
reactor 


pole erected especially for carrying* this load. The 
weight of the complete equipment shown in Fig. 4 is 
about 8000 lb. Although the equipment may be con¬ 
nected directiy to the transmission line, the operating 
companies will probably use disconnecting switch^. 
As this type of equipment may be mounted in su^n- 
don, it will be unnecesdiry to build an endodng fence 
as required for equipment mounted on the ground. 
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A study of •the various possible circuits "has definitely 
shown that the capadtap may* be well adapted to cer¬ 
tain classes of loads, while for others’the operation 
would be highly uns*atisfa<fl;ory. For example, either 
the supply of power to a beacon lamp load or the supply 
for charging a storage battery through a rectifier would 
be a satisfactory load; however, the* operation of a 
JArge motor, or the closing of a circuit breaker would 
not be suitable. A current surge as encountered in 
starting a motor should not be delivered by the capaci¬ 
tor power supply as at present designed. Reference 
to Pig. 9 will show that as the load current increases, 
4;he voltage in various parts of the circuit rises, and in 
all places the maximum voltage must not exceed the 
•racing for which each part is planned. The reactor 
used in the equipment built for study was designed for 
14,000 volts; it wall be seen, therefore, from curves of 
Fig. 9 that the load must not exceed 2700 watts. Also, 
an overload will cause a current which may saturate 
the reactor, a condition which would tend to limit the 
voltage rise on the capacitor. The spark-gaps were 
installed to protect the circuit from excessive voltage 
rises. 

The capacitap and the transformer both supply low- 
voltage power from a high-voltage line and tWe are 
many things to be considered when choosing between 
them for any particular application. In general, where 
les*s than 8 kw. are required, the transformer will be 
better adapted to the lower-voltage systems, whereas 
the capacitap is better adapted to the higher-voltage 
systems. The dividing line between a high-voltage 
and a low-voltage system is rather indefinite and will 
depend somewhat upon the applications. For example, 
the supply of 2 kw. from a 44,000-volt line (25,400 volts 



Fig. 7. Complete circuit of equipment shown 
in Fig. 4 

to ground) will iJe best obtained from a transformer, 
while, the supply of 100 watts at 110 volts for charging 
a storage battery (through a rectifier) may be economi¬ 
cally obtained with the capacitap. For all ratings, 
the efficien^r of the transformers and capadtaps is 
very high at full load, whereas a 50-kv-a. transformer 
(high voltage) used to supply 2 kw. will be much less 
efficient. 
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Fig. 8. Single suspension capacitor unit 


There are so many variable factors in the design of a 
capacitap that all study has been limited to a grounded- 
neutral system; other arrangements adaptable to un¬ 
grounded or delta-connected systems will likely follow. 

Single-phase power may be obtained from the use of 
a line-to-ground connection, (Fig. 2) or a double line- 
to-ground connection, (Fig. 7). Often one may be 
considered as a substitute for the other, although the 
inherent characteristics of each will greatly affect the 
choice. As will be shown later, the double line-to- 
ground circuit has a ground current which is constant 
and independent of load; however, the single line-to- 
ground drcxiit has a ground current which increases 
with load. If the ground current should become an 
important factor—especially in the vicinity of telephone 
circuits—^it would be necessary to consider the use of 
the double line-to-ground circuit instead of the single 
line-to-ground circuit. 

Another factor which should always be considered is 
voltage regulation; the nicer the regulation required, 
the larger and more expensive "the equipment will 
become. The regulation is a function of the total kv-a. 
of capacitors and the ratio between the impedance of 
the line and ground branches of the circuit. The single 
line-to-ground circuit will b^dound to have slightly 
bettw regulation than the double line-to-ground circuit, 
using the same capadtors in either circuit-. 

The capacitor power supply (capadtap) is an as¬ 
sembly of capadtors and assodated apparatus which 
supplies power at a reduced voltage from high-voltage 
lines. The present practical limit is from 3 to 5 kw. 
Tests have shown that such an equipment has charac¬ 
teristics which are suitable for certain types of loads 
only—such as airway beacons. The capacitors are 
very reliable, and being designed for suspenaon above- 
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the ^ound, with an enclosing fence unnecessary, the 
factor of safety is large. Two single-phase circuits are 
possible each having different characteristics with re¬ 
gard to ground current and voltage regulation. Only 
applications of the capadtap to grounded neutral 



Fii. 9. Load and voltage characteristics 


systems have been considered; it is especially adapted 
to high-voltage systems. 

The condenser bushing potential device as developed 
by J. F. Peters supplied the basis for development of 
the capacitor power supply, and the author wishes to 
acknowledge with thante, Mr. Peters cooperation in the 
present development. 

♦ ♦ ♦ 

Vacuum Tubes 
Leadthe-Way 

O F all the possibilities which beckon the 
scientist outside the narrow range of 
p|;essure and temperature in which we live, none has 
shown more alluring results than the family of vacuuin 
or low-gas-pressure tubes. Incandescent lamps. X-rays, 
mercury rectifiers, radm tubes, photoelectric devices, 
and hyper-sensitive relays are among the substantial 
things which have already been smnmoned fortii from 
the nothingness left by the vacuum pump. Other 
very practical developments are following; nowadays 
tangible results follow close upon the heels of theory. 

A. mercury grid-glow tube imder development at the 
Westinghouse research laboratory, but not yet com- 
merdally aVidlable, can break 165 kw. (300 amperes> 
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650 volts) as often as desired, up to even a hundred 
times a second, with no burning of contacts. The 
control drcuitiof this contactor (for such it is in effect) 
takes so little current it cannot be measured. 

This grid-controlled mercury switch is a lineal descen¬ 
dant of the little grid-glow tube which D. D. Knowles 
invented fom* years ago. It is in fact a grid-glow tube 
in which the cathode is a hot mercury pool. It looks 
like the mercury vapor rectifier to which it is akin^" 
and like it, is started by tilting. The anode, however, 
at the top of the tube, is totally enclosed by fine nickel 
gauze (nickel, because it does not amalgamate with 
mercury). From this anode current flows to th§ 
mercury pool at the bottom, the two horizontal elec¬ 
trodes p^orming the “keep alive” function... A lifer 
of several thousand hours is expected. The effidency 
is very high—^about 99.9 per cent. 

The importance of the device is more easily seen by 
viewing it not for its structure, as a sort of tube, but by 
its function, as a high-speed, ardess contactor, able to 
handle substantial amounts of current at any voltage 



A grid-glow tube that cati interpipt 16S kw. 


up to several thousand with but a few micro-amperes 
in the control circuit—^a contactor involving no wear 
of mechanical parts or maintenance, throughout its life. 

It already has -been used to operate and control 
motors as large as 10 hp., and with an additional tube, 
was able also to serve for voltage control. . 
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Some Aspects of 

Federal Regulation 
of Water Power 
Development 

Amazing advance in the use of elec¬ 
tric energy during the past decade 
focuses attention upon the part played 
by the Federal Government in power 
development and production. Inter¬ 
esting facts are reviewed here. 

By Frank E. Bonner 

Executive Secretary 
Federail Power Commission 
Washington, D, O, 

T he preeminent position that 
has been attained by the United 
Stat^ in the utilization of electri¬ 
cal ene'lgy for turning the wheels of industry and lighten 
ing the labor burden of homes and farms, makes it of 
sorde interest to consider what assistance or encourage¬ 
ment the Government may have contributed toward 
this result. The primary rdation of this industry is 
with the states, but with the growth of system intercon¬ 
nection, some problems of an interstate nature are 
beginning to arise. Proposals for their solution through 
impoaifion of Federal activity contemplate a minimum 
of interference with the existing machinery of the state 
agencies. 

It is evident that the contacts of the Federal Govern¬ 
ment with the manufacturers and distributers of elec¬ 
trical gnergy have been confined mostly to those which 
are common to all industries. One promiilent excep¬ 
tion is in* connection with the development of water 
power. Here through a combination of the Federal 
responsibility for jjavigation and the ownership of public 
land, the Govamment finds itself a shareholder in many 
potential water-power rites. • 

U. S. Government is Largest ReAl-Estatb Holder 

The fact sometimes is overlooked that the Govan- 
ment is by far the largest real-estate owner in the 
country. These holdings are concentrated chiefly in 
the Western states, whae vast areas of the original 
public domain have been reserved for national forests, 
national parks, Indian reservations, and other purpo^s. 
There are also millions of acres comprising the unre- 

From '‘Federal Belatiotis to Water Power Development,” presented at 
the* Annual Meeting of the American Society o{ Mechanical Fnglnears, 
New York, Dec. 1-6,1930. 
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served public domain for which no use, sufficiently 
profitable, has yet been found. 

Three-quarters of all the countrsr’s available water¬ 
power resources are found in the eleven westernmost 
states and, as might be expected, many of the potential 
sites involve United States land. Through the opera¬ 
tion of the public land laws prior to the establishment of 
the policies under which water power and other lands 
were reserved, the Government’s holdings have been 
reduced to scattered and fragmentary tracts which 
serve to give merely a minority interest in many impor¬ 
tant developments. The Government, however, with 
its sovereign powers may not be dispossessed through 
ordinary process of condemnation like other small land 
holdCTs. Therefore, even though its stake in the owner¬ 
ship of numerous rites is small, it is in a position to 
dictate the terms upon which the entire developrnent 
may be allowed to proceed. In the exercise of this 
unlimited authority the Government becomes an im¬ 
portant factor relative to many Western projects which 
otherwise would be controlled solely by the state 
concerned. 

Federal Jurisdiction Over Streams 

The interests of navigation which supply the basis 
for the second element of Federal jurisdiction over, 
certain water-power projects are derived from the 
fimdamental law. The Constitution makes no refer¬ 
ence to water power or navigation as such, but Section 8 
of Article 1 embraces the following phrase: 

The Congress shaR have power ... to regulate commerce 
with foreign nations, and among the several States, and with the 
Indian Tribes. 

By these few words the states surrendered to the 
central Government vast power under which many 
forms of Federal activity have grown up, including 
control of the waterways used or useful for the transpor-* 
tation of persons or property in interstate commerce. 
The definition of navigable waters subject to the control 
of Congress has been the subject of mucfl, controversy. 
Whether a stream is navigable or not seems to be a 
mixed question of law and fact. 

• While uncertainty will arise relative to the navigable 
status of individual streams, it is evident that many of 
the country’s waterways jire subject to Federal jurisdic¬ 
tion, and by the act of March 3,1899, Congress decree^ 
that “any obstruction not authorized by 

Congress to the navigable capacity of any of the waters 
of the United States is hereby prohibited.” . This laW 
has been constriied to. apply not only to all structures 
placed in waters actually navigable, but also to such 
obstructions on non-navigable tributaries which have 
the effect of substantially impairing the use of “navi¬ 
gable waters” lower down on the stream. • 

. Froih the foregoing, it is apparent that even though 
the separate states possess the right to control the use 
and development of waters within their *bbrdere, the 
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National Government with its land ownerships and 
responsibility to navigation holds a basis for participa¬ 
tion in the authorization of many water-power projects. 
Under existing law the administration of these interests 
is vested with the Federal Power Commission create 
in 1920. Prior to 1920 authorization for projects en¬ 
croaching upon Government land or in navigable waters 
was obtained in various forms and from various agencies. 
These permits were of a revocable nature, and the 
difficulty of financing the cost of large works on lease¬ 
holds subject to bureaucratic vagaries led to a demand 
for legislation which would serve to promote the de¬ 
velopment of water resources. 

Federal Water-Power Act 

The FedCTal water-power act of 1920 is aimed to 
provide a uniform policy under which all of the permis¬ 
sive actions of the Government might be managed. It 
authorized the granting of licenses which are in the 
nature of limited leases for 50 years. Development by 
private capital or public agencies was encouraged to the 
fullest extent practicable by limiting hampering restric¬ 
tions and administrative fees to a minimum. Moreover 
the licensee was assured a stable tenure by the guarantee 
of reimbursement for the cost or fair value of improve¬ 
ments in case the lease should not be renewed upon its 
termination. The law thoroughly recognizes the prin¬ 
ciple that the exercise of Federal jurisdiction should be 
subordinated to that performed by the states in their 
rightful fields. 

In preference to setting up an entirely independent 
agency for carrying out the functions of the law, Con¬ 
gress chose to have the work continued by the technical 
staffs of the departments, composing the Commission 
of the heads of the three departments concerned. Pur¬ 
suant to recommendation by the President, the last 
Congress authorized the substitution of full-time com¬ 
mission^. 

The law now has had tai years of trial, and it seems 
appropriate .that inquiry be made concerning accom¬ 
plishments and as to whether it is serving to encourage 
water-power development as intended. This decade 
has been characterised by enormous growth and expan¬ 
sion ii\the electric industry; consumption of electrical 
energy has increased 137 per cent, while the population 
has gro^ only 16 per cent. The rapidly expanding 
demand has created the need for huge new sources of 
production, and many noteworthy water-power plants 
Bave been constructed.. 

Activities Po^b Commission 

A substantial proportion of the new construction has 
been carried forward undo* the provisions of the Federal 
water-ppwM* act. Altogether the Commission has 
granted licenses for 449 projects. Only 107 of these are 
in the sb-cSJ0ed major classifi<»tion, larger than 100 hp., 
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the others, relate to minor projects and segments of 
transmission lines crossing Government land. Geo¬ 
graphical distribution of the licensed projectsshowsgreat 
concentration in the Western states. California alone 
accounts for more than a third of the 449 projects, while 
the three Pacific Coast states together have just about 
half of the total number. Less than 10 per cent of the 
projects authorized are situated east of the Mississippi 
River. 

Licenses of chief importance are those covering the 
107 major projects, which range in magnitude from 
small plants constructed to serve isolated communities, 
to great public-utility developments. The giant gen¬ 
erating stations at Niagara, at Conowingo, and pn the 
Sierra Nevada streams of California furnish conspicuous 
examples of the large modem stations carried out under 
the existing Federal legislation. 

Obviously, many of the proposed projects involve 
questions of a highly controversial nature, but in han¬ 
dling applications the Commission has moved with such 
diligence and dispatch that no complaint has been made 
that construction has been unduly delayed on any 
legitimate project or that essential interests of the public 
have not been adequately safeguarded. During the 
past year the Commission has granted licenses which 
authorize the installation of more than 1,000,900 hp. 
During the same period, 30 applications were rejected' 
pursuant to the Commission’s endeavors to prevent?, 
favorable sites from falling into the hands of speculative 
enterprises which are unprepared to proceed with 
construction. 


Plants Under License 

Aggregate capacity of completed plants operating 
under license amounts to about 2,600,000 hp. This 
comprises some 25 per cent of all the water-power 
capacity, and nearly six per cent of the total generating 
capacity im public-utility service. The jComnaission 
has no jurisdiction in respect to water-power develop¬ 
ments other than the projects under license, and thus it 
is apparent that the scope of its authority in respect to 
the electrical industry as a whole is comparatively 
limited. 

Contrary to popular impression, the Commission has 
almost no jurisdiction in the field of rate regulation. 
The law specifically limits the exercise of such functions 
by the Commission to those licensed projects not con¬ 
trolled by state regulation, and hence there has been 
little room for the Commission to engage in this function. 

Since the authority of the Commission is by no means 
exclusive in respect to the licensed projects, the admini¬ 
stration of the law has required close correlation with 
the activities of state agencies. In general, these rela¬ 
tions have been entirely harmonious and mutually 
helpful, but at times there has been complaint that the 
Cominission was stretching its authority imduly. 
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These complaints have related mostly to jurisdiction 
over projects located entirely on'private land along 
non-navigable tributaries, where the Commission has 
assumed that the operation of the project works might 
serve to impair the use of navigable waterways lower 
down on the stream. The Commission’s powers over 
such developments are rather vague* and indefinite 
jmder the law, and a number of the states have chal¬ 
lenged the (^vemment’s constitutional authority. 
They assert that the assumption of jurisdiction in such 
cases constitutes a serious invasion of the rights of the 


states, and interferes unnecessarily with developments 
of strictly local concern. For guidance in the matter 
the Commission has recently obtained an interpretation 
of the law from the Attorney General of the United 
States. This opinion holds that the Commission, in 
such cases, may grant licenses embodying tertns re¬ 
stricted to those necessary for the protection of naviga¬ 
tion. By thus harmonizing the respective jurisdictions 
of the State and Federal governments so that each may 
be effective in its proper field, a threatening shadow on 
the operation of the law will be removed. 


Governor Performance 
During System Disturbances 

By R. C. Buell R. J. Caughey E. M. Hunter V. M. Marquis 

General Blectrlc Oompany General Bloctric Company General Electric Company American Gas and Electric Company 

Schenectady Schenectady Schenectady New York 
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Tests show conclusively that steam- 
electiric generators may lose synchro¬ 
nism and pull back into step without 
giving any conclusive evidence of that 
fact either at the generator or in the 
Control room. 

I N THE PAST few years, the amount 
of analytical and test work on system 
disturbances and stability has in¬ 
creased tremendously, but very little of this theoretical 
or practic^ activity has dealt with the operation of 
steam-turbine governors. During 1929 a detailed in¬ 
vestigation was made of the governor operation of the 
two 50,000-few., siflgle-cylindCT, reheat-type turbines at 
the Stanton steam plant. . 

This plant is located near Pittston, Pa., and is jointly 
owned by the Scranton Electric Company and the 
Pennsylvania Power and light Company. The steam 
connections and valves of the turbine are shown sche¬ 
matically in Fig. 1. All governing normally is done by 
the main control valve at the first stage of the turbine. 
Each generator has its own transformer bank and 66-lcv. 
bus. Power normally is supplied by generator No. 1 to 
the Scranton Electric Company, and by generator No. 2 
to the Pennsylvania Power and Light Company. The 
66 -kv. buses are ti^ together by a bus-tie reactor. 

From “Goyemor Performance During. System Disturbances'*. pre¬ 
sented at the A. I. E. E. Southern l^istrict Meeting, Louisville, Ky., 
Nov. 19-22, 1930. ' ^ 


Due to this reactor, generator No. 1 tends to swing with 
the Scranton Electric Company system and generator 
No. 2 with the Pennsylvania Power and Light sjrstem. 

Some preliminary tests were made by dropping and 
picking up load on one of the turbines to be sure that 
the governor and all other equipment were functioning 
correctly imder normal conditions of system operation; 
these tests did not indicate anjrthing erratic in the 
operation. 

Since short circuits were to be placed on one of the 
lines to the Scranton Electric Company from the 66-kv. 
bus supplied by generator No. 1, calculations were made 
to deterime the magnitude of the fault currents and the 
stability limits of the system undeo* short-circuit condi¬ 
tions. Fig. 3 shows the results of, these preliminary 
calculations, which indicated that the system would, he 
stable with a one-conductor-to-ground short circilit, but 
unstable with a two-conductor-to-ground short circuit, 
when the generator was carrying full load. Thesd 
calculations also showed that if Tshe load on the genera¬ 
tor was reduced to 25,000 kw. and the short circuit was 
cleared in less than % sec. the system would be stable. 
The tests verified the calculations and are summarized 
in Table I. 

Test No. 12, Fig. 4 shows the record of a two-conduc- 
tor-to-ground short-circuit test. The output of genera¬ 
tor No. 1 was reduced from 40,000 kw. to 22,000 kvf. 
and the generator pulled out of synchronism with the 
rest of the system befote the short circuit cleared, hut 
geneator No. 2, which was canying a load of only 
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TABliE I—SUMMARY OP TESTS 



Initial load 
In mw. 

Duration 
of short 
circuit 
cycles 

Stability 

Valve of Fig. 

control system No. Bemarka 

Test 

No. 

Gen. 
No. 1 

Gen. 
No. 2 

11. .. 

..38.. 

, .30. . 

.. 100 : . 

.standard. Stable . 10.0. Fault 

f2... 

. ,40. . 

. .31. . 

.. 100 . 

, Standard.Unstable 4, 6, 6, .2 O. G. Fault 

13... 

..25.. 

. .43. . 

..100 . 

. Standard. Unstable.2 0. G. Fault 

14. . . 

..25.. 

. .43, . 

.. 39 . 

. Standard. Stable .2 0. G. Fault 

20.., 

,.35.. 

. .48. . 

.... . 

.Standard . Load Trans- 

fer Test 

23... 

. .25. . 

, .43, , 

..100 

. Standard .Unstable. ... 7 .... 2 0. G. Fault 

34... 

.38.. 

, .26. . 

..40 

. Semi- 

. Special .. .Unstable 6,8 2 0. G. Fault 

50., . 

..35. . 

. .20. . 

. 

Special . 5 _ Load Trans¬ 

fer Test 

51... 

.,26.. 

..31.. 

..98 . 

. Special ... Stable . 10 - 2 O. G. Fault 

62... 

..44., 

..20.. 

.. 19>^ . 

. Special. .. Stable .. 2 0. G. Fault 

63... 

..45., 

. .20. . 

..106 

. Special. - .Unstable.2 C. G, Fault 


31,000 kw., did not pull out of synchronism. Generator 
No. 1 increased in speed until it tripped the eme^ency 
overspeed governor at 1,960 rev. per min., shutting off 
all steam input to the turbine. The turbine then 
drifted down to normal speed and pulled into step with 
the system 6 sec. after the short circuit occurred. 

A graphic voltage recorder with high-speed feature is 
normally used to record transient disturbances on this 
66 -kv. bus. The chart obtained from this instrument 
during this test is shown in Fig. 5. This chart should 
also be compared with the voltage chart shown in Fig. 
6 , which was taken during this test by means of a high¬ 
speed photographic recorder. This later type of instru¬ 
ment gives a true picture of the voltage conditions and 
the comparison illustrates the limitations of graphic 
instruments as recorders of fast transient phenomena. 



Fig. 1. SchemdHc diagram of piping and valves 
for turbines tested 


' Test No. 2S. Calculations had indicated that genera¬ 
tor No. T Would be stable witib loads up to 25,000 kw., 
»nd a two-conductor-to-ground short circuit duration 
of le^ than sec. A two-conductor-to-ground short 
circuit was thrown on the sjratem with a 25,000-kw. 
load on generator No. 1, but due to the relay setting 
which kept the short circuit on Tor 1.7 seconds, the 
generator again went out of synchronism, but did not 
trip the emergency oy^speed governor. Generator 
No. 2 being heavily losided (43,000 kw.) lost synchro¬ 
nism with the rest of the system and tripped the 
emergency overspeed governor. Violent osdllatioh of the 


governor beam of generator No. 1 occurred before it 
resynchronized. Fig. T^shows the results of these tests. 

The relay setting was changed to reduce the short- 
circuit time to 0.65 seconds and*the short-circuit test 
was repeated. The generators did not lose synchronism, 
which shows the value of short switching time. 

r 

Governor Pumping 

Load Transfer Tests. Several operating companies 
have reported that during certain system disturbances 
the governor beams of the turbines have oscillated, 
and that this oscillation has continued for two or three 
minutes, or tmtil some means was taken to correct the 



Fig. 2. Single-line diagram of interconnected 
systems involved in governor tests; only equiva¬ 
lent circuits shown for some parts 


condition, such as holding the governor beam^or dis¬ 
connecting the turbine from the system. This phenom¬ 
enon has been termed generally “governor pumping” 
and should not be confused with governor hun^g whicjh 
is a slow, periodic movement caused by lag of the valve 
behind the governor. 

Load transfa* tests were first made to deteraiine if 
governor pimping could be produced by ardisturbance 
of a minor magnitude but were unsuccessful. ' 



Fig. 3. Power capability of No. 1 generator 
plotted against switching time; (A) rated mega¬ 
watts output, (B) output with two-conductor-to- 
ground fault outside generator transformer 
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2"est No, ^Jf,, This was a two-conductor-to-ground 
short-circuit test in which the generator lost synchro¬ 
nism but did not trip the emergency overspeed governor, 
so that the speed governor still controlled the steam 
input. Reduction in the generator output due to the 
loss in synchronism, coupled with the normal speed¬ 
regulating characteristics of the governor, resulted in a 
sustained prime-mover speed above that of the system. 

Fig. 8 shows the results of this test. During the 
first 2.5 seconds the movement of the main control 
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F/g. 4, Test 12. (Tivo-conductor^to--ground fault) 
shoivs No. 1 generator unstable, No. 2 stable 


Test No. 12 
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Fig. 6. Test 12. High-speed photographic record 
of ground current and voltage; (A) fault ground 
current, (B) voltage, phase 1-N, 66-kv. bus, (C) 
voltage, phase 3-N, 66-kv. bus 


valve was controlled by an auxiliary pilot valve which 
was being used in a preliminary form in an attempt to 
keep the turbine in synchronism; this pilot valve, how¬ 
ever, had no effect on the governor or control valve 
after this initial period- Seven seconds after the short 
circuit occurred the governor mechanism started to 
oscillate at a period coinciding exactly with the kilowatt 
oscillation of the generator. The speed curve shown is a 
composite curve, composed of an average-speed curve 
obtained from the oscillograph record, and a super- 



Fig. S. Test 12. Graphic voltmeter chart from 
66-kv. 


imposed speed change calculated from the output of the 
generator and added to the average-speed curve. From 
this composite curve it may be seen that if the governor 
follows the speed of the turbine it must alternately open 
and close the control valve an appreciable amount. 
The curves show that the governor was doing its best to 
follow these speed changes, although with about 
second time lag, and thus was varying the Steam input 
in accordance with the speed, which is what a speed 
governor is deagned to do. 


During the interval from the third to the seventh 
second, the periodic speed change caused by the genera¬ 
tor slipping poles was so fast that it was impossible for 
the control valve to follow it. However, as soon as the 
average turbine speed came down to a point where the 
governor mechanism and control valve could follow the 
periodic changes in speed, the control valve started a 
pumping movement in which it assumed the proper 
position corresponding to the speed. This pumping of 
the governor beam was therefore a normal action and 
should be expected under conditions such as existed at 
the time of ite occurrence. 

Fig. 9 shows the speed-regulation curve for the gov¬ 
ernor of this turbine at the load-carried when this test 
was made. If the turbine was completely unloaded it 
would run about five per cent above the normal system 
speed. The figure also includei^ a curve showing the 
relation between speed of the turbine and the induction- 
generator output of the generator for the voltage condi¬ 
tions which existed on this system during this test. 
The point where the induction-genCTator curve crosses 
the speed-regulation curve determines the speed of the 
turbine and the load which it Will carry when it is out of 
synchronism. The average output of the generator 
during the period cov^d by. the curves was about 
13,000 kw. and the speed was about 3.3 pm* cent above 
normal. 

Tests with Special Valve Equipment 

In the previous short-circuit tests, all really severe 
system disturbances were accompanied b^ a loss of 
synchronism of one or both of the gendtetors. The 
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possibility of holding this turbine in synchronism by 
rapid reduction of input steam following a system dis¬ 
turbance seemed in this case to justify investigation. 
A special power-surge relay and a vdve mechanism 
were designed therefore to shut off the steam input to 
the turbine by closing the main control and intercepting 
valves temporarily when a short circuit occurred. In 



Fig. 7. Test 23, Both generators unstable and 
out of step with system and each other 



Wig. 8. •‘X^st 34. • Governor and contr6l-vali>e 
pumping • 




order to obtain a fast reduction in steam-input to the 
turbine it was necegsar^ to operate both the control 
valve and the uStercepting valve on the reheat loop. 

Test 61, Fig. 10 shows then’esults of a two-conductor- 
to-ground short circuit on the 66-kv. bus with the kilo¬ 
watt load on generator No. 1 the same as for tests Nos. 
14 and 23, and the short-circuit time the same as for 
test No. 23. The load on generator No. 2 was, however, 
somewhat reduced from its previous load. The steam 
input curve on this figure shows how the high-speed 
valve mechanisms used in this test, but not in tests Nos. 
14 and 23, reduced the input so that the generator not 
only did not lose synchronism with the rest of the sys-, 
tern, but even drifted back in angle so fast that ifrwas 
taking power as a motor when the short circuit cleared^ 

Another test was made with full load on generator No. 
1 , smd with the relay adjusted so that it cleared the short 



Fig. 9. Test 34, Turbine regulation and induc¬ 
tion-generator power 

circuit in 1.78 sec. Generator No. 1 pulled out of syn¬ 
chronism with the rest pf the system and, after<slipping 16 
poles, pulled back into step again. Although generator 
No. 1 pulled out of synchronism with the system during 
this test, it is believed that by a few further refinements 
in the relay and valve mechanism, it would be possible 
to keep this generator in synchronism with the rest of 
the system even for short circuits as severe as in this 
test. 

These tests evidence the possibilities of this method 
for improving system stability and indicate results 
which are comparable with those obtained by the use of 
the more commonly proposed mean5 for attaining the 
same end. 


General Summary of Results 

Results obtained shed additional light on some phe¬ 
nomena which have occurred during system distur¬ 
bances and lead to the following general conclusions: 
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v poseible for a generator to lose synchronism and pull 

back m again without giving any> conclusive evidence in the 
^ntrol room or at the turbine that such a change has occurred, 
urapmo charts and indicating instruments are iot fast enough to 
indicate out-of-synchronism cjpnditions reliably. Thus, this 
condition occurs far ottener than has been generally appreciated. 

2. C^es of sustained system oscillation, or sui^iing, seldom 
occur unless some generator, or group of generators, loses syn- 
cnronism. Any oscillation resulting from a disturbance that is 


the assistance of Mr. R. H. Park who initiated the tests 
with the high-speed valve mechanism, Mr. J. W. Dodge 
for assistance in the preparation of the test results and 
Mr. D. M. Jones for criticism of the paper. 
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Lightning Arresters 
for 268.4-Kv. Service 


Fit* to. Test $1, With special valve equipment 
both generators are stable 


giot suffioiently severe to cause loss of synchromsm quickly dies 
out, due to the inherent system damping. 

3. Governors properly designed and adjusted will not con*- 
tribute to any system oscillation as long as s 3 mcbronism is main¬ 
tained? When out of synchronism, however,^ the governor 
attempts to follow the speed change as the generator slips poles, 
and tne result is a ‘‘pumping"’ phenomenon familiar to many 
station operators. This pumping action is a result rather than 
a cause of a sustained oscillation and is to be expected when the 
generator aad the system are out of step at a certain slip fre¬ 
quency. It will cease if the generator pulls back into syncbronism. 

4. When out of synchronism the speed of the turbine is 
determined by the re^ilation of the governor and the induction 
generator characteristics of the generator. The average output 
during this period may be an appreciable portion of the output 
before loss of synchromsm. 

5. In these tests the short circuits resulted in considerable 
reduction in the kilowatt output of the generators with conse¬ 
quent overspeeding and loss of synchromsm. Special valve 
equipment for quick reduction of steam input folloydng a sudden 
drop in generator output will increase the stability limits. Under 
certain conditions it may be of considerable benefit in maintaining 
stability, but under other conditions the equivalent improvement 
in stability may be better obtained by other means. 

The authors wish to express their appreciation of the 
cooperation of Messrs. C. H. McKnight and J. E. Gene 
of the Stanton Operating Company in the performance 
of these tests and arrangement of system operation with 
connecting companies. They ^o wish to acknowledge 


T he highest-voltage lightning arresters ever 
built were recently installed by the Hydro- 
Electric Power Commission of Ontario. Under emw- 
genor conditions they will protect line voltages as higl^ 
as 268,400 volts. This is also the largest arrester instal¬ 
lation for voltages over 200,000. One three-ph^ 
arrester protects each of four banks of transformers on 
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the 220,000-volt transmission line from Paugan to 
Leadde. 

The disparity between the 268,400-volt rating of the 
arresta's and the normal line voltage of 220,000 is a 
recognition of the inherent tendency of waterwheel 
generators, if the load is suddenly dropped, to overspeed, 
carrying the line voltage far above noimal. Ordinarily, 
this atuation has been met merely by using arresters 
rated high enough to withstand the maximum voltage 
without discharge. But this means that the line has 
less protection against lightning than were the arresters 
of o^y normal line voltage. 

The Hydro-Electric arrestCTS meet the situation by 
having a double rating, changing from one to the other 

♦ 

Noise 

Measurements 

That noises have a detrimental effect 
upon human health and happiness has 
been proved and now efforts are under 
way to control or eliminate objection¬ 
able sounds. Some of the problems 
involved'are outlined and a newly de^- 
veloped ‘‘noise meter” is described. 

By John C. Steinberg 

Beil Telephone Laboratories. Inc. 

T he increasing number dur¬ 
ing receat years of papers and 
editorials on city noise is evidence 
of a thriving interest in this aspect of modem life. 
People 'are questioning the necessity of this or that 
noise; mahers' of machines are looMng for ways and 
means of attaining quieter operation; office and factory 
managers are asking about the effects of noise on the 
effidehfy of employees; doctors and health officers are 
becoming interested in the effects Of noise on the health 
of communities; and so on. Noise in this broad sen^ 
refers to any audible ‘‘hound which is undesirable or 
which intrud^. . 

Within the past year there has been fomaed> by 
H^th Commisaoher Wynne, the Noise Abateiiieht 
Commission of New York City, and some 10,000 actual 
noise measurements have been made on tiie streets of 
New York. - (A recent book, City Noise, by the commis¬ 
sion,; gives a comprehensive report of these measure¬ 
ment ^ well as other aspects Of the noise abatement 

. naaed upon m oral preaentetlon at Uie A. I. B. B. Middle Baetem 
nistiiet Meetiiig. Iililladelpliia, Oot. 18-15,1030. 


automatically in emergency. Of the series of 22 auto¬ 
valve units in each phase leg, only 18 are necessary for 
220 ,000-volt protection, and normally the other four 
are short-circuited by a high-speed automatic switch. 
When watMwheel overspeed and over-voltage occur, a 
relay opens this switch in less than half a second and 
cuts in the four remaining dements before the line volt¬ 
age exceeds the limit of the 18 normally in circuit, thus 
providing protection at 268,400 volts. 

An idea of the physical magnitudes involved in such 
voltages is gained from the fact that the gap sheds are 
large enough to accommodate an automobile. The 
arresters were built by the Canadian WestinghouseT 
Company, Ltd. 


problem. This report may be secured from the^Noise 
Abatement Commission, Department of Health, City 
of New York.) It is noteworthy that at one residential 
and two buaness locations the noise levels averaged 
over 15-min. intervals remained practically constant 
over a 24-hr. period, and the instant-to-instant levels 
for a 16-min. interval varied by as much as 30 or 40 
db. Although these measurements were made at only 
three locations, they indicate that many residents of a 
large dty are constantly immersed in a sea of noise, 
the average levd at 3:00 a. m. being only a few decibels 
lower than the level during busy hours. 

At this point it may be well to digress to the extent 
of rnaking dear just what the term dedbel really means. 
On the deqiM scale, the. unit is actually aboufrequal 
to the small^t change which the ear can detect in the 
power level of a sound. Thus it is a ratio of intensity 
based upon the minimum audible unit; for instance, if 
the intensities of two sounds are inlhe ratio of 10:1, 
the sounds differ in level by 10 db.; if the ratio of inten¬ 
sities is 10® :1 (100:1), the sounds differ by 20 db. In 
general, the number of decibels measuring the difference 
in level between two sounds is ten times the common 
logarithm of the intensity ratio, or power ratio. 

.It is a well established fact that constant exposure to 
noise takes its toll in the form of the extra energy needed 
to carry on the nOrinal living proc4ses with a conse¬ 
quent more rapid deterioration of the physical and 
nervous system. Experiments with typist and comp¬ 
tometer operators working under noisy and quiet condi¬ 
tions have shown that the effect of noise is to reduce the 
rate of accomplishment and to increase the rate of 
energy consumption by the body. (Effect of Noise on 
Working Efficiency, D. A. Laird, Loc.- Cit. 1, and The 
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Effects of Noise, D. A. Laird, Journal Acoustical Society 
Jan. 1930.) Some of its phj^^ological effects are an 
increase in brain pressure; a lessened re^arity of the 
involuntary musculo chariges of body organs such as 
heart rhythm, stomach rhythm, etc.; an increase in 
body movements dunng sleep; and probably in some 
cases a definite neurosis. 

Since machines are the most common source of noise, 
the subject touches all fields of engineering. Such 
aspects of machinery as dQ)endability, cost, safety, 
appearance, etc., have been the constant objects of 
en^neering effort. Only recently, however, has the 
patter of noise emitted by machines begun to receive 
the serious attention of engineers. 



Fig. 1. An audibility chart showing how noises 
rob the .human ear of an important part of its 
total range 


Any study of noise naturally calls for a method of 
measuring and expressing the amount of noise. From 
a ph 3 rsical* standpoint, this may be done in terms of 
the total sound energy and its distribution in frequency, 
smd various methods have been devised and used to 
measure the physical en«*gy of sound waves. For 
many purposes, however, it is desirable to express noise 
in terms that are more nearly related to the sensation 
caused by sound energy. 

One method of doing this, called the audiomettic 
method, is based cm the fact that noise or the undewred 
sound masks other or desired sounds. (“Speech and 
Hearing,” H. Fletcher, D. Van Nostrand Co., 1929, and 
“Auditory Masking,” R. L. Wegel and C. E. Lane, 
Phys. Rev., Feb. 1924.) If a certain intensity is neces¬ 
sary for a sound to be barely audible in a quiet place a 
greater intensity will be needed in ihe presence of noise. 
This shift in threshold is expressed in dembels; e,, ten 


times the common logarithm of the intensity ratio, and 
depends upon the intenaty frequency spectrum of the 
noise. 

If the masking caused by noise is observed with tones 
of different frequency, noise audiograms of the type 
shown in Fig. 1 are obtained. Two of these were with 
tones warbling through six different frequency ranges, 
and one with tones warbling through three different 
ranges. The curves illustrate three types of audiograms 
in which with increasing frequency the masking re¬ 
spectively increases, remains approximately constant, 
or decreases. As indicated above, the audiogram 
curves are “threshold-of-hearing” curves and the effect 
of noise is equivalent to a temporary hearing loss. In 
Fig. 1 the direction of increasing hearing loss is in the 
direction of the positive Y-axis, which is the opposite 
of the conventional way of plotting audiograms for the 
hard-of-hearing. (Loc. cit. (3) p. 199.) In the latter 
case, attention usually is focused on the hearing loss or 
upon how far the hearing is down from normal; in the 
former case, attention usually is focused on the amount 
that the intensity of a sound must be increased above 
normal to be audible in the presence of noise. 

Useful hearing area in Fig. 1 is that below the curve 
for tones of painful intensities. The areas below the 
audiogram curves represent the parts of the useful area 
which are rendered useless by the noises. In order to 
be appreciated by the ear, sounds falling within these 
areas must be increased in intensity to a part of the 
area above the audiogram curves. For example, aver- 
rage speech as heard at a distance of from three to four 
feet from the speaker occupies the area between 60 and 
70 db. Therefore, on an average New York street, it 
is only slightly above audibility; and in an airplane 
cabin becomes entirely inaudible. 

The noise audiogram shows directly tiie loss in ser¬ 
viceable hearing caused by noise. For this reason it is 
very useful in many noise studies, particularly in the 
communication field and in the acoustic treatment of 
auditoriums, theaters, offices, etc., or where tiie chief 
concern is the perception of desired sounds in the pres¬ 
ence of imdesired soimds. 

Amounts of noise may be expressed in terms of the 
sensation level and in terms of the*loudness level of the 
noise. The sensation level is the ratio, expresse*d in 
dedbels, of the noise intensity to the threshold intensity 
of the noise. If the intensity spditrum of the noise is 
known, the sensation level in ibost cases may be deter¬ 
mined from the known minimum audible intensities of 
pure tones. The loudness level of a noise is usually 
expressed as the sensation level of some arbitrarily 
selected reference tone which sounds as loud as the 
noise. 

Masking caused by a noise is measured by adjusting 
the intensity of a tone from a telephone recdver ui)til 
it is just audible in the presence of the noise. The 
receiver is provided with a spedal offset^ cap which 
holds the receiver away from the ear by a small amount, 
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so that noise may enter the ear simultaneously with the 
tone. The attenuator which is used to adjust the in¬ 
tensity of the tone is calibrated to read the masking in 
decibels. In one type of noise audiometer (“Methods 
and Apparatus for Measuring the Noise Audiogram/’ 
R, H. ^alt, J ottrwaZ Acoustical Society, Oct. 1929) a series 
qf so-called “warbling” tones is used. These are tones 
which warble through a small frequency range, the 
range corresponding to each tone being located in a 
different part of the audible frequency range. Thus 


Noise Abatement Commission Survey of outdoor noise, 
and the survey of indoor noise by the joint subcom¬ 
mittee of the National Electric light Association and 
the American Telephone ^and Telegraph Company. 
The frequency-weighting in these meters was based on 
the intensities needed for various pure tones to sound 
as loud as a 1,000-cycle tone having a sensation level of 


SOURCE OF SOUND DECIBELS 


rile masking caused by the noise is measured in different 
frequency ranges and when plotted against frequency 
gives curves of the type shown in Fig. 1. In another 
tsqie of audiometer (Loc. Cit. 3) the masking is mea¬ 
sured with a so-called ‘Tauzzer” tone, which consists of a 
fundamental frequency of 160 cycles and harmonic 
overtones, the overtones extending throughout a large 
part of the audible range. 

The loudness level of noise is measured by adjusting 
the intensity of a reference tone until it sounds as loud 
as the noise. In this method, known to communication 
engineers as the balance method, the buzzer type of 
tone is used as a reference tone in some cases and in 
other eases, a 1,000-cycle pure tone is used. 

In all of the above methods the ear is used in obtain¬ 
ing a judgment of the effects of noise. During the past 
two years considerable experimental work on devices to 
represent the effect of noise by the reading of an elec¬ 
trical meter has been done by various investigators of 
noise. (A Survey of Room Noise in Telephone Locations, 
Williams and McCurdy, A. I. E. E. Jour., Sept. 1930; 
“Practical Methods of Noise Measurement,” by E. E. 
Free, Journal Acoustical Society, July 1930 “The 
Objective Measurement of Machinery Noise, by F. A. 
Firestone, JwrwaZ Acoustical Society, July1930;“Results 
of Noise Surveys,” R. H. Galt, Journal Acoustical 
Society, July 1930.) In all of these devices the noise 
fenergy is picked up by a microphone, suitably amplified 
and rectified and measured by a d-c. meter. The action 
of the devices is made to approach that of the ear by 
means of a “frequency-weighting” network. In some 
cases the weighting is based on ^e threshold intenrities 
of pure tones; in other cases, on the intensities needed 
for pure tones to sofind equally loud at some arbitrary 
loudness levd. Although where the time characteris¬ 
tics and manner of integrating the components enter in 


LEVEL OF PAINFUL SOUNDS 


MOTOR AND PROPELLER OF 
PLANE - 18 FEET 


LOUDEST AUTOMOBILE 
HORN - 23 FEET 

SUBWAY EXPRESS TRAIN PASS-' 
ING THRU LOCAL STATION 


HEAVY STREET TRAFFIC NEAR 
ELEVATED LINE - NEW YORK 


MOTOR TRUCKS - 15 TO 50 FT. 


PASSENGER AUTOMOBILE 
15 TO 50 FEET 


AVERAGE BUSINESS OFFICE 


AVERAGE RESIDENCE 


AVERAGE WHISPER 


RUSTLE OF LEAVES 
IN GENtLE BREEZE 


JUST AUDIBLE LEVEL 



such a procedure does not completely simulate the ear 
in its action to complex„waves, it represents an advance 
over any method wMch neglects the ear entirely. 

"In most cases, noise,metert of this type are cali- 


Fig. 2i A chart showing the decibel rating of 
some common sounds as compared to the 
^•threshold of hearing’* 


brated to read the noise level in decibels from some 


arbitrary reference or zero value, such as the metm* 
reading for a “just audible” tone or noise of a particular 
type. Noises having equal meter readings are ap¬ 
proximately equally loud, the degree of approximation 
depending upon the similarity in energy frequency 
distribution of the noises being compared. 

Noise melers of this type were used in both the N. Y. 


30 db. Readings which would correspond to the thresh¬ 
old of audibility for a common type of noise were ob¬ 
tained for both meters by mprodudng street noise 
phonographically at a known sensation level. Thus, 
measured noise levels could be ^r^sed in decibds 
from rile threshold settings. A graphical illustration of 
the noise lev(ri scale is given in Fig. 2 wh^ the levds of 
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some of the more familiar noises encountered in the 
Buiveys may be compared. The total range from 
threshold to painful sounds is 130 d\>. It may be seen 
that ordinary noises caver a large part of this range. 

As previously indicated, noise meters such as that 
described are still in the experimental sti^e. In order 
to indicate loudness accurately for all types of sound 
waves, a meter must Simulate the ear in at least three 
feq>ects: 

(a) In the relative senritivity for rinusoidal waves 
of different frequencies. 

(b) In the integration or summing up of the con- 

♦ 

Private-Wire 

Telegraph Service 

An important part of the entire com¬ 
munication service of the United States 
is devoted to private wire service. More 
than one and one-half million miles 
of private wire telegraph service is 
furnished to press associations, brokers, 
financial houses, public service com¬ 
panies, and other organizations and 
individuals. Some of the interesting 
features involved are described here. 

By R. E. Pierce 

Telephone Engineer 

American Telephone A Tdegraph Company, 

Now York 

Associate A. 1. £. E. 

T elegraphy has the distinction 

of being the earliest application 
of electricity in the service of 
mankind, and it still reigns as an important factor in 
commercial) educational and sexual activities. The 
commercial telegraph message bvudness is essentially 
a point-to-point service and the telegraph facilities are 
detigned and operated for the most part ^ as to furnish 
direct communication channels between two points. 
The private vrire telegraph service, howevw, usually 
requires circuits with sending and reedving equipment 
at more than two points,—often at many points—^and 
because of this fact the engine^ing problems involved 
are somewhat different from those in the commercial 
tel^p^ph field. 

Another unique feature of the private wire telegraph 
service is the fact that it is furnished very largdy over 

Ptt>m '^Modern Practises In Private Wire Telegraph Service,** to be 
presented at the A, I. E, E. Winter Convention, New York, Jan. 26 - 80 , 
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tributions of the component waves of steady complex 
sound waves. 

(c) In the short-time average of fluctuating com¬ 
plex sound waves. 

Further experimental work is needed in order to 
simulate the ear closely in all of these respects in a 
practicable noise meter and to determine the effects of 
various departures on practical noise measurement. 
The outstanding advantages of the objective type of 
measurement are that it reduces the personal equation 
and permits noise measurements to be made with great 
rapidity. 


plants which are used jointly for telephone and tele¬ 
graph purposes. Thus if the private wire subscriber 
having printer service wishes to communicate with the 
attendants in charge of the maintenance of his savice, 
he has merely to call on the telephone provided for the 
purpose, usually mounted adjacent to the printer 
installation. Immediately he is connected directly 
with the attendants at the printer service position in 
the nearest telegraph test room. In case of difficulty 
on the circuit, the telegraph attendant can communicate 
immediately with distant repeater attendants over test 
wires provided for the purpose, and with the monitoring 
printers, can make measurements over the private wire 
network in question. Transmission measuring appa¬ 
ratus and pthOT testing means are also at his dispos^. 

The term “private wire telegraph service" as used in 
this paper covers that tj^pe of service by which a com¬ 
plete telegraph commtmication system is furnished to 
the patron for his exclusive use; this type of smdee is 
sometimes referred to as the “special contract" tele- 
S^ph service. In that all facilities, including the 
station apparatus at the patron’s premises, are fur¬ 
nished and maintained the service is complete. A 
circuit may be arranged for either the manual or 
machine method of operation to suit the requirements 
of the organization using the service, but since it is 
the tmn most universally used,, throughout the paper 
the machine method will be referred to as the “printer 
method." Other terms in use by various organizations 
to describe the same method are “typing telegraph,” 
“telephone typewriter," “telet3^" and “teleprinter.” 

Comparison of Pbintbrs 

The two systems of pointers in common use, the 
“multiples" and the "startHstop printer,” differ in one 
important feature. In the multiplmc systenrthe signals 
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Fig, I. Typical private press circuit involving 
1,381 miles of line 


are transmitted to the line and from the line to the 
receiving apparatus by distributing mechanisms which 
are operating continuously in approximate synchronism. 
In the start-stop system the signals are transmitted to 
the line and from the line to the receiving apparatus. 
These mechanisms start from a given position, transmit 
one character and then stop. In this latter arrange¬ 
ment the maintenance of sjmchronism between the 
sending and receiving devices is necessary only during 
the transmission of one letter or character. The multi¬ 
plex system is essentially a point-to-point system, 
whereas the start-stop system is adapted to circuits 
involving a large number of stations, any one of which 
may send or receive. The’ advantage of the continu¬ 
ously synchronized system of transmission is the 
possibility of using a shorter code; it is necessary to 
transmit only, the intelligence-bearing signals, whereas 
in the start-stop system a signal is sent to start, and 
another to stop the distant distributor mechanism. 

The fundamental advantage of start-stop over con¬ 
tinuously synchronized systems is the fact that in the 
start-stop system the lag in the transmission of a signal 
from one point to anothOT point in a circuit is auto- 
matic^ly taken into account. 'With only two stations 
on a given circuit an initial adjustment can be made to 
properly^ orient the receiving device with respect to 
the sending device which will hold as long as the lag 
r^mams fixed. With more than tw:o points in a cir¬ 
cuit—any one of whichrjnay send to all the others—or 
with transmission systems which are apt to be changed 
in a way that affects the lag,'the adjustment to com¬ 
pensate for lag becom^ difficid^ if not impracticable. 
This future would restrict considerably the field of use 
for continuous s^daronism in private we telegraph 
service, where such a large portion of the circuit requires 
service between more than two points, and where it is 
essential to maintain a flexible plant in order to main¬ 
tain contmuous service. This e^lanation will indicate 
why the nfultiplex syi^m, designed as a continuously 


synchronized system, is used in the commercial tele¬ 
graph message service while the start-stop system is 
used in the private wire telegraph service. 

Selective Dial Calling 

For services where it is desirable to select particular 
stations yet impracticable to provide a switchboard 
with individual circuits to each station, a selective 
calling arrangement has been developed. With this 
plan all stations are connected to the same circuit and 
selective signals are transmitted from one station to 
another over the circuit used for passing the telegraph 
signals. The apparatus used to accomplish thi-s con¬ 
sists of telephone dials, step-by-step switches, 
relays. Any point on the circuit may be called' by 
dialing any other point on the dreuit. A station may 
also dial by a single three-digit code all other stations 
or a group of stations. 'When the circuit is in use, 
“Busy” signals appear at all stations, and an audible 
or visible alarm is provided to call the attention of the 
attendant to an incoming message. When the station 
is idle the motors of all printers are stopped but start 
automatically when the station is called and stop auto¬ 
matically when a call releases the circuit. Secrecy is 
obtained in fhe system through the fact that it is 
impossible for a station which has not been called to 
‘listen in” on a circuit in use. 

Industrial Appucations 

The foregoing gives briefly the general principles of 
the systems of private wire telegraph service in gene^ 
use in this country. The following describes.^special 
application of private wire systems to various industrial 
systenas: 

Press Service. Private wire telegraph service is 
the means used by the press association for accomplish¬ 
ing quickly, accurately, and without interruption, the 
collection anjd distribution of news. A typical telegraph 
network—one of the many circuits of one of the leading 



Fig. 2. A broker’s private circuit may be the 
equivalent of several transcontinental circuits 
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Fig. 3. A brokers private wire room is a busy 
place 


press associations in the United States—^is illustrated 
in Fig. 1. It will be noted that this network contains 
approximately 1,400 mi. of telegraph circuits and 
connects sixteen telegraph stations, five of which are 
arranged for both sending and receiving while eleven 
are for receiving only. The various types of telegraph 
systemh involved in this particular service are indicated 
by the designations on the chart. 

Ifi a service of this kind most of the sending would be 
done from New York; it will be noted, however, that 
there are other points on the network indicated as 
sending stations. The circuit must be arranged with 
“break” feature so that when desired, any one of these 
other sending stations may take control of the entire 
network and transmit to all stations. To accomplish 
this thg operator at the station transmitting the mes¬ 
sage operates the break key on his machine which trans¬ 
mits a break signal over the circuit, locking up the 
machine which has been sending and thereby indicating 
to the pperator at that point that another station wishes 
to send. 

In most* cases the printers involved in the press work 
are of the page type, using a continuous roll of paper. 
The sending machines are usually equipped for what is 
known as automatic transmission; the sending operator 
manipulates a keyboard which controls a perforator. 
This perforator prepares the message to be transmitted 
in the form of a perforated tape to be fed into a trans¬ 
mitter connected to the line. The transmitter is oper¬ 
ated at a speed for which all the printers on the line are 
set; the perforator may be operated at any speed 
desired. If the speed of the line is exceeded by the 
perforator (as is usually the case) the message is stored 
up in the tape and is transmitted to the line at a regular 
rate. With this method of transmission there is a 
continual flow of traffic over the line and any interrup¬ 
tion in the operation of the keyboard does not interrupt 
the signals going to the line. This arrangement obtains 
the maximum efficiency from the line. 


In certain cases a “bulletin” or “flash” of special 
importance must be transmitted; arrangements are 
provided so that by throwing a key the transmission of 
signals from the perforated tape is stopped and the key¬ 
board is connected directly to the line so that as each 
key is depressed the proper signals are transmitted. 
In this way the “bulletin” or “flash” may be sent, 
without delay directly to the line from the keyboard, 
and when it is complete, the regular flow of traffic may 
be resumed by restoring the key mentioned previously. 
In order to attract the attention of the operators at the 
newspaper offices to such a flash or bulletin, a bell is 
provided on the printers and caused to ring by the 
transmission of a particular combination of impulses 
from the sending keyboard. 

Brokers’ Service. A large percentage of the business 
involved in the trading on the stock and commodity 
exchanges is handled over the private wire systems of 
the various brokerage concerns. Fig. 2 shows a typical 
broker’s service which comprises several separate cir¬ 
cuits. This service is operated by the printer method, 
and Fig. 3 is a view in one of the wire rooms of this 
brokerage house. In the brokerage houses the wire 
network is used for passing information regarding orders 
placed before the market opens, and for distributing 
certain market letters or market “gossip.” When the 
market, opens, the wires are kept busy with the passing 
of orders, confirmations, and questions and answers 
concerning specific securities. From the illustration it 
will be noted that the tape printer is used and the cover 
of the machine cut away in such a fashion as to allow 
the tape to be removed from the machine immediately 
after the last character of an order is printed. The 
orders are gummed on “buy” or “sell” order blanks 
and are then handled in the usual way. In the after¬ 
noon after the market closes the wires, in cleaning up 
the day's business, continue to handle a large volume of 
traffic; the records are checked and verified and all 
matters cleared before the opening of business on the 
following day. It is reported that during four days of 



Fig. 4. Telegraph printer systems are expediting 
and amplifying effective police wdrk 
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the record month of October 1929, one of the brokers 
uang this service handled the remarkable total of 
49,860 orders, confirmations, and general messages over 
the firm’s six private wire td^raph drcuits. 

Police System. Various police organizations 
throiyihout the coimtry are finding the private wire 
^telegraph service a reliable means of quickly disseminat¬ 
ing police information. These police systems are 



Fig. S. Communication with planes in flight is 
becoming of greater importance} this is a typical 
private airway circuit 


essentially broadcasting networks for transmitting 
police information simultaneously to a large number of 
receiving stations from one or more central points. 
The information usually originates in a telephone call or 
a personal visit to a police station from which the in¬ 
formation can be quickly transmitted to the central 
headquarters and from there sent out on the broadr 
casting network. Regardless of whether or not the 
station is attended the receiving machines make a 
record of the message. In certain cases the receiving 
machines are equipped with an audible alarm so that a 
police officer at a distance may be advised that a mes¬ 
sage is being received. In certain cases it is desirable to 
provide arrangements whereby the broadcast head¬ 
quarters will know \^ether the message is received at 
each point to which it was transmitted; then an 
aclmotifledgment signal is arranged so that after each 
message is transmitted, the ringing of a bell on the 
:^ceiving printer indicates that the transmitting station 
requests an acknowledgment. This can be sent back 
by pushing a button on the receiving machine, the 
aclmowledgment lighting a lamp bn the switchboard at 
headquarters. 

Other police networks are set up with all stations 
connected to the same circuit so that any one inay send, 
and all of the others receive. Such a circuit connects 
fifti^n of the principal municipalities in Connecticut, 
and in this way police inf ormation originating in any of 
these towns can be broadcast simultaneously to aU of 
the other thwns on the network. 
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Fig. 4 shows one of the switchboards and sending 
machine in a state police system. 

Weaker Reporting Systems for Airways. The De¬ 
partment of Commerce has contlacted for quite a large 
network of private wire telegraph circuits for use in 
collecting and distributing weathm* information for use 
by aeroplane pilots. Weather information is collected 
on an hourly basis in sequence from the principal 
intermediate landing fields and critical points alon|[ 
an air route*. It takes from four to five minutes to 
make such a weather collection over a t 3 q)ical air route 
between major landing fields. The weather information 
thus obtained is furnished to the air pilots before th^ 
leave the field or to pilots in the air by means^of the 
radio telephone equipment of the Department of Com¬ 
merce. ijong the air route the printers are- usually' 
installed adjacent to the field in what is knovm as a 
watch-house. In addition to the service mentioned, in 
certain local cases private wire circuits are provided 
for the purpose of distributing weather information 
between the Weather Bureau, radio stations,, airports 
and air transport companies’ offices. 

In addition to the collection of weather information 
the private wire circuit is used in some cases for report¬ 
ing the departure, arrival, and passing of planes. Fig. 
5 shows a typical airway network. The statiofife along 
the air route are usually connected in series so that each 
station receives the information sent from all cftheif 
stations. In some cases the bell signal on the printer is 



Fig. di A modern airway communication office, 


used to call the attention of a particular station with 
which it is desired to communicate. 

Manufacturing Service. Factories are generally lo¬ 
cated mth regard to the availability of raw matoials 
and the ease of transportation; executive and sales 
offices, on the other hand, are usually near the distribu¬ 
tor, the exporter or the consumer. Private wire 
telegraph service is used extensively to provide direct- 
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communicationr channels between the widely sepa¬ 
rated units of modern industriaF organizations. With 
the aid of this service the far-flung units of tSiis organiza¬ 
tion are kept in constant touch with each other, thereby 
speeding up production and improving the service 
rendered to their customers. 

In looking forward to the future, there seems to be 
eyery indication that private wire telegraph service will 
continue to grow and expand, and with the requirements 
continually changing it is to be expected that many new 
and interesting developments will be applied to this 
service. 


Ninety Miles an Hour 
in a Trolley Car! 

T he fastest interurbancars in the world are 
leaving competing buses nearly an hour 
behind .on the 225-mile run between Cincinnati and 
Toledo, though the bus route is shorter by 15 mi. By 
iheis owner, the Cincinnati and Lake Erie, these cars 
have been clocked at 90 mi. per hr. or better. Dur¬ 
ing trials, police motorcycles were left behind, and 
even the aeroplane scarcely overhauled the “flying” 
trolley. 

Unlike previous extremely fast cars, these are neither 
very lafge nor heavy. They weigh but 24 tons, seat 
40 people, and are of one-man operation. Their 
motors rate 100 hp. each, (quadruple equipment) and 
ifl the case of the ten Westinghouse equipments, weigh 
complete but 2,690 lb. How extraordinarily light this 
is, is shown by contrast with other motors bought by 
this road in 1927 which weighed half again as«rauch per 
horsepower. The remarkable lightness of the new 
motor is partly due to improved insulation, but largely 
to the high .rotative speeds found practicable through 



Only an airplane succeeded in overhauling this 
new interurban electric car 



Outwitting the **speed cops”; electric car travel¬ 
ing at more than 90 mi. per hr. 


its being wound for 300 volts. The principal advan¬ 
tage of the lower voltage, however, is the marked benefit 
to" commutation. The motors are geared 26:46 on 
28-in, wheels. 

In general, the experience of the Cincinnati and 
Lake Erie does not show that high speed offers any 
particular difficulties. The permanent way was put in 
first-class condition, with especial attention to the safe 
elevation of curves and the alinement of overhead, but 
no departure from normal standards was needed. 

The interurban roads have had more^ than their 
share of post-war difficulties, but the Cincinnati and 
Lake Erie and its chairman, Doctor Thomas Conway, 
have produced substantial proof of the rewards that 
the industry still offers to courage and to vision. 

Aeroplanes, automobiles, and yachts race for amuse¬ 
ment, but trolley cars do not; they race strictly foi; 
revenue. So it is important tq observe that in the 
second month of the new cars, passenger ticket receipts 
in three of the principal cities had increased 77 per cent*. 
Over Labor Day, 17 of, the trains had to be run in two 
or more sections, and in November it was understood 
that the cars were, as show people say, ^'packing them 
and this on a road which a year ago was not 
embarrassed by density of traffic any more than is the 
average interurban road—on a road paralleled by good 
highways over a shorter route, by first-class buses, and 
by fast steam trains. 
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The new Hudson River bridge which connects upper Manhattan with the north New Jersey shore is the 

longest singte^span structure in the world 

Winter Convention Presents Attractive Program 

Engineering Papers, Inspection Trips, and Entertainment of 
Striking Interest Assure Busy, Profitable Week 


TV^ANY excellent developments in 
various fields of electrical engineer¬ 
ing will be brought out in the technical 
sessions at the A. I, E. E. winter con¬ 
vention. This meeting, which promises 
to equal in interest any of the past winter 
conventions, will be held in New York, 
January 26^0, with headquarters in the 
Engineering Societies Building. In addi¬ 
tion to^the excellent technical program 
there will be a number of interesting trips 
and good entertainmenf with a specially 
arranged program for t^e ladies. 

Technical Sessions 

One of the sessions that should prove of 
general interest is the symposium on 
coordination between power and com¬ 
munication circuits. The papers which 
e^e.to be presented represent the work of 
a joint general committee of the National 
Electric light Association and the Bell 
Telephone System. Each paper was 
prepared by a representative in the power 
field and a representative in the com¬ 
munication field jointly. The achieve- 
ipents obtained are a noteworthy example 
of cooperation between difierent fields of 
the electrical profession. 

At the opening of the session R. F. 


Pack, vice-president and general manager. 
of the Northern States Power Company, 
will make an .introductory statement. 
Following the presentation of the papers 
closing remarks will be made by Bancroft 
Cherardi, vice-president and chief engi¬ 
neer of the American Telephone and 
Telegraph Company. The session^should 
have a bro^ general appeal and* the 
papers to be presented are not highly 
technical or mathematical. 

Many recent developments involving 
design, theory, operation, and testing will 
be brought out in the papers which will 
be presented in nine other sessions in 
the fields of telegraphy, transportation, 
protective devices, power transmission, 
industrial power applications, electric 
welding, electrical machinery, and 
research. 

Edison Medal Pbbsbntation 

The Edison Medal will be presented 
to Doctor Frank Conrad for his con¬ 
tributions to radio broadcasting and 
shorWave radio transmission. Presen¬ 
tation will take place in the Engineering 
Auditorium on the evening of Wednesday, 
January 28. 


Following the presentation ceremonies 
a lecture will be delivered by Doctor Karl 
Taylor Compton, president of Massachu¬ 
setts Institute of Technology. 

Smoker 

A bufiet dinner and smoker will jje held 
in the Engineering Societies Building on 
Tuesday evening, January, 27. This 
informal occasion affords a splendid 
opportunity for members and their guests 
to renew old acquaintancesr Plans are 
being made which will provide very 
attractive entertainment after the dinner, 
to be served by Louis Sherry. 

Dinner Dance 

The dinner dance of the winter conven¬ 
tion will be held in the Grand Ballroom of 
the Hotel Astor on the evening of Thurs¬ 
day, Januaiy 29. For many years this 
annual social event of the Institute has 
afforded much pleasure to all in atten¬ 
dance and is looked forward to from year 
to year by a large proportion of the 
membership. Tickets wiU be $6 per 
person. Reservations may be made 
in advance for tables seating eight 
people. 
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Ladiiis Entertainment 


The ladies entertainment committee 
is actively engaged preparing a special 
program vrhioh will pro'^Te very attractive 
for the ladies in attendance. 


Program Outline 

Monday, January 26 

10:00 a. m. Registration 
2:00 p. m. Opening of Convention 

A—Symposium on Tol^aphy 
8:15 p, m. B—^Joint Session of Oommittee on 
Transportation and the 
Transportation Group of 
the New York Section 

Tuesday, January 27 

* 1(^00 a. m. O—Symposium on Coordination 
• of Power and Oommunica.' 

tlon Circuits 

2:00 p. m. D—Session on Protective Devices 
6:00 p. m Bulf ei* Dinner and Smoker 

Wednesday, January 28 

10:00 a. m. E—Session on Power Transmission 
2:00 p. m. Inspection Trips 

Board of Director's Meeting 
8:30 p. m. Edison Medal Presentation and 

l.ecturo 

Thursday, January 29 

10:00 a. m. P—Industrial Power Applications 
2:00 pi m. Technical Sessions G and H 
G—Transportation 
H—Electric Welding 
7^0 p. m. Dinner Dance 

Friday, January 30 

10:00 a. m. 1 —Session on Research 
2:00 p.m. J—Session on Electrical Ma¬ 
chinery 


Trips 

On the inspection trips offered many 
prominent developments of interest to the 
electrical engineering profession may be 
seen: 


1. The Hudson Elver Bridge with construc¬ 
tion ii|prk now in progress offers an unusual 
opportunity for engineers to view a remarkable 
feat in bridg*8 construction. The main span, 
3.500 ft. in*length, is the longest single span in 
the world and is supported between towers which 
rise to a height of 635 ft. above the water's 
surface. PotSr cables each made up of 26,474 
wires giving a specified minimum strength of 
220,000 lb. per sq. in. and weighing 28,460 tons, 
support the double-deck structure. Construc¬ 
tion work was started In May, 1027, and the 
initial portion consisting of four traffic lanes 
and two sidewalks Is scheduled to be opened to 
traffic arly in 1931. The ultimate plan pro¬ 
vides for eight traffic lanes and two sidewalks on 
the upper deck with a lower deck to acconuno- 
date four rapid transit tracks. The cost of com¬ 
pletion of the initial stage of the construction 
is estimated to be $60,(ffiO,000. 

2. Vertical distribution in modem sky¬ 
scrapers such as the Chrysler Building and the 
Empire State Building. The Empire State is 
the tallest building in the world. 

3. New Eighth Avenue Subway Substations 

4. Tandem-compound. 160,000-kv-a., sxeam- 
electric generating unit of the New York Edison ^ 
Company. 


5.. Modern press installation and lighting of 
the new Dally News Building. 

^ Modem use of light as the sole decorative 
agent In a large ballroom—St. George Hotel, 
Brooklyn, N. Y. 

7. Railroad electrification as exemplified in 
the newly completed properties of the Dolawai*e, 
Lackawanna & Western Railroad. 

8. The Westlnghouse Ughting Institute. 

9. New York Museum of Science and 
Industry. 

10. Roseland switching station of the Public 
Service Electric and Gas Company (New 
Jersey). 

Details as to transportation tickets, 
etc., will be announced in the programs 
distributed at the convention. 

Beduged Railroad Rates 

Under the certificate plan reduced rail¬ 
road rates will be available to members 
and guests who attend the convention; 
only half fare need be paid on a return 
trip over the same route, provided a total 
of at least 150 certificates are deposited 
at the registration desk. Rates apply to 
all who attend the convention and to 
dependent members of their fauces. 
Each member or guest should obtain a 
certificate when purchasing his one-way 
ticket to New York, explaining to the 
ticket agent that he wishes the certificate 
authorized by the passenger associations 
for the winter convention of the American 
Institute of Electrical Engineers. 

On arriving at the convention the 
certificate should be deposited at the 
registration desk. There it will be held 
for validation by a railroad representative 
and if 150 or more certificates are vali¬ 
dated, these certificates will be returned 


to the owners. By presenting the 
validated certificate when purchasing 
a return ticket, only half fare will be 
charged. Local ticket agents should be 
consulted regarding conditions affecting 
this plan, as it applies only within certain 
dates, depending upon the territory. 
Everyone whose one-way fare il more 
than 66 cents should get a oertificaiS 
whether or not he intends to use it. By 
neglecting to do so others may be deprived 
of considerable saving. 

Register in Advance 

Each member should register in ad¬ 
vance by mail, thus permitting the 
committee in charge to have the badges 
ready, resulting in a considerable saving 
Of time and congestion at the registration 
desk. 

Committees 

The 1931 winter convention com¬ 
mittee is constituted as follows: H. P. 
Charlesworth, Chairman; J. B. Bassett, 
C. R. Jones, H. A. Kidder, G. L. Knight, 
A. E. Knowlton, E, B. Meyer, C. E. 
Stephens and B. H. Tapscott. 

Chairmen of subcommittees are, re¬ 
spectively: J. B. Bassett, convention 
executive committee; W. R. Smith, 
inspection trips; E. J. Johnson, dinner 
dance; G. W. B. Draper, smoker; and 
Mrs. E. B. Meyer, ladies entertainment. 

Hotel Reservations 

Reservations for hotel accommodations 
should be made by writing directly to 
one of the hotels listed in the mailed 
announcement of this convention. 



Newly electrified section of Lackawanna suburban lines 
serving Nkw York City 
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T chnical Program 

January 26—2:00 p. m. 
Opening of Convention 

Bemarks by President WUUam S. Lee. 

Statement by A. E. Knowlton, chairman, 
meetiniFs and papers committee. 

A^Symposlum on Telegraphy 

Presiding officer: H. S. Osborne, vlce-chahv 
man, of the committee on communication. 

Tbs NnwrouNDLANn-AzoBEfi Hiob>Spbbd 
OupLBX Cable, by J. W. Milnor, O. H. Oramer, 
D. Oannon, and J. A. Bandall, Western 
Union Telegraph. Company. 

Submarine Oablb Teleobapht; Influbnob 
OF Intbefbrbncb, by J. W. Milnor, Western 
Union Telegraph Company. 

Tblbgraph Transmission Testing Ma- 
0 HINB 8 , by P. B. Bramhali, Western Union 
Telegraph Company. 

A Printing Tblbgraph Concbntrator, by 
W. B. Blanton, Western Union Telegraph 
Company. 

Modbrn Practises in Private Wire Tblb- 
GRAFR Sbrviob, by B. E. Pierce, American 
Telephone and Telegraph Company. 

January 26—8:16 p. m« 

B—Joint Session on Transportation 

The New York Section’s Transportation 
Group and the A. I. E. E. Committee on Trans¬ 
portation lointly participate in this session. 

January 27—10:00 a. m. 

C—Symposium on Inductive 
Goordinalfion 

Presiding officer: A. B. Knowlton, chairman 
of the meetlnga and papers committee. 

Introductory stat ment by R. P. Pack, vice- 
president and general manager of the Northern 
States Power Company. 

Trends in Telephone and Power Practise 
AS Affecting Coordination, by W. H. 
Harrison, American Telephone and Telegraph 
Company, and A. E. Silver, Electric Bond and 
Share Company. 

Status of Joint Development and Rb- 
BBAROE on NoIBE-PrEQUBNCT INDUCTION, by 

O. B. HjlgckweU, American Telephone and Tele¬ 
graph Company, and H. L. Wills, Georgia 
Power Company.. 

Status OP Joint Development and Rb- 
SEARCH ON LoW-FrEQUBNOY INDUCTION, by 

R. N. Oonwell, Public Service Electric and Gas 
Company, and H. S. Warren, American Tele¬ 
phone and Telegraph Oomfiony. 

Status of Cooperative Work on Joint 
Use op !? lbs, by J. C. Martin, Midwest 
Utilities Company, and H. L. Huber, Americsm 
Telephone and Telegraph Company. 

"^Closing statement by Bancroft Gherardl, 
vice-prudent and chief engtneen 8f the American 
Telephone and Telegraph Company. 

January 27—2:00 p. m^ * 

D—Session on Protective Devices 

Presiding ofBcer: Raymond Bailey, chairman 
of the committee on protective devices. 

An Experimental Lightning Protector 
FOR Inbulatobs> by J. J. Torok, Westinghouse 

& ManufacWihg Company, 

. Eibld Tests on Thyritb Lightning Arrbbt- 
BRS Using Artificial Lightning op 1,500,000 
Volts, by K. B.^McEachron and E. J-, Wade, 
General Electric Company. 


Series Resist an ob Mbthod op Ihcrbarinq 
Transient Stability Limit, by B. C. Berg vail, 
Westinghouse Electric & Manufacturing 
Company. C 

Trend in Development of Modern Cir¬ 
cuit Interrupters, by J. B. MacNelU, West¬ 
inghouse Electric & Manufacturing Company. 

Philo 1930 Oil Circuit Breakbb Tests 
(alms, set-up and results from a system and 
operating point of vlewj, by Philip Sporn and 
H. P. * St. Clair, American Gas and Electric 
Company. 

The Oil-Blast Circuit Breaker, by D. C. 
Prince and W. P. Skeats, General Electric 
Company. 

Field Tests on Standard and Oil Blast 
Explosion Chamber Oil Circuit Breakers, 
by M. Spurck and H. E. Strang, General 
Electric Company. 

January 28—10:00 a. m. 

E—Session on Power Transmission 

Presiding officer: P. H. Chase, chairman of 
the committee on power transmission and 
distribution. 

Traveling Waves on Transmission Systems, 
by L. V. Bewley, General Electric Company. 

Impulse Tests on Surstationb, by A. S. 
Brookes and R. N. Southgate, Public Service 
Electric and Gas Company, and W. G. Roman 
and E. B. Whitehead, Westinghouse Electric & 
Manufacturing Company. 

Lightning Investigation on a Wood-Pole 
Traksmibbion Line, by J. J. Torok, Westing¬ 
house Electric & Manufacturing Company, and 
R. B. Pittman, Arkansas Power and Light 
Company. 

1929.Lightning Experience on the 132-Ev. 
Transmission Lines of the American Gab 
AND Electric Oompany, by Philip Spom, 
American Gas and Electric Oompany. 


January 29—2:00 p. m. 

G—Session on Transportation 

f 

Presiding officer; Sidney Withington, chair¬ 
man of the^comxnitt;3e on transportation. 

Lackawanna Suburban Electrification, 
by E. L. Moreland, Jackson and Moreland, 
Engineers. 

Motive Power for Suburban Electrifica¬ 
tion, by Charles Kerr. Jr., Westinghouse 
Electric & Manufacturing Oompany. 

Transverse Fissure Detector Car, by 
H. O. Drake, Sperry Products, Inc. 

Inclined Catenary Calculations, by 
B. M. Pickens, Westinghouse Electric & Manu- 
factiuing Company. 

Design of Catenary System for Cleveland 
Union Terminal, by N. P. Clement an<^B. E, 
Richards, Cleveland Union Terminals Oompany. 

January 29—2:00 p. m.o 
H—Session on Electric Welding 

Presiding officer: P. P. Alexander, chairman 
of the committee on electric welding. 

Some Experiments with Arcs between 
Metal Electbodes, by Q. M. Shrum and H. G. 
Wiest, Jr., General Electric Oompany 

An Improved ArcsWeldinq Generator, by 
J. H. Biankenbuehler, Westinghouse Electric & 
Manufacturing Oompany. 

The Neutralized Welder—a Means of 
Controlling Transients, by F. Greedy, 
Lehigh University. 

A System for D-C. Arc Welding, by S. R. 
Bergman, General Electric Company. 

Rbsistanoe Welding of Motor Frames, by 
Malcolm Thomson, General Electric Company. 

Electric Resistance Brazing, by Samuel 
Martin, Jr., General Electric Oompany. 


Attenuation and Successive Re¬ 
flections OF Traveling Waves, by 
James O. Dowdl, General Electric 
Company. 

January 29—10:00 a« m. 

F—Session on Industrial 
Power Applications 

Presiding officer: O. W. Drake, 
chairman of the committee on general 
power applications. 

Electron Tubes, in Industry, by 
W. B. King. G^eral Electric Oompany. 

Automatic Regulators in In¬ 
dustry, by J. H. Ashbaugh, Westing¬ 
house Electric A Manufacturing 
Oompany. 

Electrical Distribution- Systems 
FOB Industrial Plants, by W. J. 
McClain and Louis T. Klauder, 
consulting engineers. 

The Synchronous Motor with 
Phase-Connected Damper Winding 
AS A Drive for High-Torque Loads, 
by M. A. Hyde, Jr., Westinghouse 
Electric & Manufacturing Oompany. 

The Design and Application of 
Synobronous Motors to Meet 
Special Requirements, by D. W-. ■ 
McLenegan and A. G. Ferrlss, General 
Electric Company... : , / . . 

\ Weather Making —A Public Ser- 
vtob and a New User of Power, by 
D. O. Lindsay, Carrier Engineering 
Corporation.' 



One 3,Q00^yolt mer^ 

cury arc rectifiers serving the new 
Lackawanna electrification 
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January 30--lOKK) a. m. 

I—Session on Research 

Presiding officer: L. W» Chubb, chairman f 
the committee on research. 

SoMiD Electrical Oharactbribtias op Cable 
Oils, by H. H. Race, General Electric Company. 

The Conductivity of Inbulatikci Oils— II, 
by J. B. Whitehead, Johns Hopkins University. 

Fundamental Properties of Impregnated 
Paper, by J. B. Whitehead and W, B. Kou- 
wenhoven, Johns Hopkins University. 

Traffic Control by Light Beams, by R. O. 
Hitchcock, Westinghouse Electric & Manufac¬ 
turing Company. 

Commutation and Current Collection 
IN Hydrogen, by R. M. Baker, Westinghouse 
'Electric & Manufacturing Company. 

The Helical Groove, by G. M. Little, 
Electric & Manufacturing 

Studies in Non-Linear Circuits, by C. G. 
Suits, General Electric Company. 

January 30—2:00 p« m., 

J—Session on Electrical Machinery 

Presiding officer: P, L. Alger, chairman of 
the committee on electrical macbinery. 

Mercury Arc Rectifier Research, by 
A. W. Hull and H. D. Brown, General Electric 
Company. 

Effect of Transient Voltages on Power 
TRANBgoRMBR DESIGN—^III, by K. K. PaluefP, 
General Electric Company. 

Stationary Flow op Heat in Large Tub- 
Bi:ffE Generators, by O. Richard Soderberg, 
Westinghouse Electric Sc Manufacturing 
Company. 

Induction-Motor Slot Combinations, by 
Gabriri Kron, United Research Corporation. 

The Pulling into Step of a Salien^p-Pole 
Stnohronous Motor, by H. B, Edgerton and 
Paul Fourmarier, Massachusetts Institute of 
Technology. 


Professional Committee 
Appointed to Study 
Engineer Licensing 

To provide for closer cooperation of the 
Institute with the American Engineering 
Counoil in all matters eoimeoted with the 
improvement of l!he general status of 
the engineering profession, President 
Sohuohardt was, in March 1929, author¬ 
ized by the Board of Directors to appoint 
a representative to serve on the Council’s 
committee on engineering and allied 
technical professions, with the under¬ 
standing that this representative would 
become chairman of an Institute com¬ 
mittee if it later 4)6came desirable to 
establish a separate committee* H. A, 
Kidder, superintendent of motive power, 
Interborough Rapid Transit Co., New 
York, was appointed the A. L E. B. 
representative. 

The Board of Directors, in August 
1929, authorized the president to appoint 
a committee on the eng^eering profession 
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to consider various matters affecting the 
status of the engineering profession, to 
cooperate with the American Engineering 
Council committee on engineering and 
allied technical professions, and to assume 
the duties of the A. I. E. E. committee 
on licensing of engineers which was, 
at the same time, discontinued. To 
serve with Chairman Kidder, President 
Smith appointed T. F. Barton, H. P. 
Charlesworth, and John C. Parker. 

President Lee reappointed the four 
named above for the present adminis¬ 
trative year, and, in accordance with 
authority granted by the Board of 
Directors in October 1930, has enlarged 
the committee to include the membership 
given below: 

H. A. Bidder, (Chairman), supt. of motive 
power, Interborough Rapid Transit 
Co., 600 West 59th St., New York, 
N. Y. 

J. P. Alexander, Boston manager, West- 
iughouse Elec. & Mfg. Oo., 10 High 
St., Boston, Mass. 

T. F. Barton, ^strict engineer, General 
Electric Co., 120 Broadway, New 
York,N. Y. 

B. M. Brigman, dean, Speed Scientific 
School, University of Louisville, 
Louisville, Ky. 

H. P. Charlesworth, vice-president, Bell 
Telephone Laboratories, Inc., 463 
West St., New York, N. Y. 

L. F. Leurey, consulting electrical engi¬ 
neer, 58 Sutter St., San Francisco, 
CaUf. 


L. W. Morrow, editor, Electrical World, 
Tenth Ave. at 36th St., New York, 
N. Y. 

John C. Parker, vice-president in charge 
of engineering, Brooklyn Edison Co., 
Inc., 380 Pearl St., Brooklyn, N. Y. 
John R. Price, professor of electrical 
engineering, University of Wisconsin, 
Madison, Wis. 

Herbert S. Sands, consulting engineer, 
1115 First National Bank Building, 
Denver, Colo. 

Mamiee R. Scharff, consulting engineer, 
Main & Co., accountants and audi¬ 
tors, First National Bank Building, 
Pittsburgh, Pa. 

H. H. Schoolfield, chief engineer, Pacific 
Power & Light Co., 607 Public 
Service Bldg., Portland, Oregon 
W. 1. Slichter, professor of electrical 
engineering, Columbia University, 
New York, N. Y. 

J. B. Thomas, vice-president, Electric 
Service Co., Fort Worth, Texas 

Although this committee has several 
very important fields of activity, it is at 
present devoting its principal efforts to 
cooperation with other organizations in 
the development of suitable provisions for 
the licensing of engineers. Through this 
committee and its close cooperation with 
the American Engineering Council com¬ 
mittee named above, the Institute is in 
position to participate actively in efforts 
to solve problems affecting the status of 
the engineering profession. 


A. 1. E. E. Nominating Committee 


Announces Official 

COMPLETE offloiai ticket of 
•candidates for the Institute offices 
that will become vacant August 1, 
1931, was selected by the national nom¬ 
inating committee which met at Institute 
headquarters, New York, December 6, 
1930. This committee consists of fifteen 
members, one selected by the executive 
committee of each of the ten geographical 
ctistriots, and the remaining five elected 
by the board of directors from its own 
membership. 

The following members of the com¬ 
mittee were present; W. L. Amos, 
Toronto, Ont.; E. A. Auty, Chioago, Ill.; 
H. y. Carpenter, Pullnum Wash.; H. P. 
Charlesworth, New York, N. Y.; A. B. 
Cooper, Toronto, Out.; Herbert S. Evans, 
Boulder, Colo; E. A. Hesttf, Pittsburgh, 
Pa. (alternate for E. C. Stone of Pitt^ 
burg^); H. A. Kidder, New York, N. Y.; 
B. B. Meyer, Newark, N. J.; J. S. Palmer, 
Kansas City, Mo.; W. S. . Rodman, 


Candidates for 1931 

Charlottesville, Ya. (alternate for E. D. 
Wood, of Louisville, Ky.); Harold B. 
Smith, Worcester, Mass.; C. E. Stephens, 
New York, N. Y.; R. GT Warner, New 
Haven, Conn.; W. L! Winter, San 
IVancisco, Calif.; and F. L. Hutchinson, 
New York, N. Y.,* Semetary of the Com¬ 
mittee. Past-president Harold B. Smith 
was elected chairman of the Committee. 

The following is a list of the official 
candidates as selected by the committee: 

For PRXBinntrF 

Charles E. Skinner. Assistant Director 
of Engineering, Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pennsylvania. 

For Viob-Prbsidbhts 

Middle EastemDistrict: W.B.Kouvfbnhovek. 
Professor of Electrical Engineering and Assistant 
Dean; School of Engineering, Johns Hopkins 
University, Baltimore, Maryland. 

Southern District: W. E. Freeman, head, 
Department of Electrical Engllpeering, Assistant 
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Dean of College of Bnglneering, University of 
Kentucky* Lexington, Kentucky. 

N’orth Central District: Paul H. Patton, 
Telepkon Engineering, Northwestern Bell 
Tdephone Company, Omaha, Nebraska. 

Pac^c District: A. W. Copley, Engineering 
Manager, Padhc Oo^t District, Westinghoiise 
Electric and Manufacturing Company, San 
Francisv^, California. 

Canada District: L. B. Ohubbuck, Switching 
Equipment Engineer, Canadian Westinghouse 
Company, Ltd., Hamilton, Ont., Canada. 

For Dibbctoks 

L. W. Chubb, Director of Westinghouse 
Research Laboratories, Westfnghoase Electric 
and Manufacturing Company, East Pittsburgh, 
Pennsylvania. 

B. D. Hull, Engineer, Southwestern Bell 
Telephone Company, Dallas, Texas. 

H. R. Woodrow. Electrical Engineer, Brook¬ 
lyn Edison Company. Brooklyn, New York. 

For National Treasurer 

W. I. Sliohtbb, Professor of Electrical Engi¬ 
neering, Columbia University, New York, N. Y. 

The Constitution and By-laws of the 
Institute provide that the nominations 
made by the national nominating com¬ 
mittee shall be published in the January 
issue of the Institute Journal. Provision 
is made for independent nominations as 
indicated in the following excerpts from 
the Constitution and By-laws: 

Constitution 

Sec. 31. Independent nominations may he 
made by a petition of twenty-five (25) or more 
members sent to the National Secretary when 
and as provided in the By-Laws; such petitions 
for the nomination of Vlce-PresidentB shall be 
signed only by members within the District 
concerned. 

By-Laws 

Sec. 23. Petitions proposing the names of 
candidates as Independent nominations for the 
various offices to be filled at the AnaniTig election, 
in accordance with Article YI, Section 31 
(Constitution), must be received by the Secre¬ 
tary of the National Nominating Committee not 
later than February 16 of each year, to be placed 
before that Committee for the inclusion In the 
ballot of such candidates as are eligible. 

On the ballot prepared by the National 
Nominating Committee a in acoordsmce with 
Article VI of the Constitution and sent by the 
National^Secretary to aU qualified voters during 
the first week in March of each year, the names 
of the candidates shall be grouped alphabetically 
under the name of the office for which each is a 
candidate. 

National Nominating Committee 

(Signed) By F. L. Hutchinson, 

Secretary. 

C. E. Skinner 

Charles Edward Sxinnbr, assistant director 
of engineering for the Westinghouse Electric Sc 
Manufacturing Co., a manager of the Institute 
Cfdl5-19) and one of Its vice-presidents <1919- 
20), was bom on a farm near Redfleld, Ohio, 
May 80, 1865. He was educated at Ohio 
University and .Ohio State University, being 
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graduated fri>m the latter with an M. E. degree 
with the class of 1890. He worked his'way 
through the university, partly as a help r at 
the Ohio Experimental Station Dairy ^d 
partly as a machinist in the university shdps. 
In August, after graduating In June, he joined 
the organization of the Westinghouse Electric & 
Manufacturing Company as a machinist in 
charge of the manufacture of railway controllers. 
Early in 1891 he was put in charge of all insula¬ 
tion design, as well as testing. In addition to 
the insulation work, he took up magnetic testing 
and the development of magnetic materials in 
1892, and retained charge of this work for many 
years. 

In 1906 Dr. Skinner organized for the West¬ 
inghouse company the research division of the 
engineering depaiiunent, emd was responsible for 
the organization and equipment of the chemical, 
physical and process laboratories, as well as the 
high-tension test laboratory. 

Through his efforts a laboratory for more 
fundamental research was determined upon in 
1916 and he had charge of the building, equip¬ 
ping, and organization of the personnel of this 
laboratory. In 1920 he was made manager of 
the research department, taking direct and 
individual charge of the reseai*ch laboratory 
for the next two years. In 1922 he was made 
assistant director of engineering. 

Dr. Skinner went to Brussels in 1906 as 
American feprosentative of the International 
Association for Testing MaterisOs. In 1916 he 
was a special delegate from the A. I. E. B. to 
confer with the British Engineering Standards 
Committee. In 1920 he was chairman of the 
American Delegation to the Brussels meeting of 
the Internatianal Electrotechnical Commission, 
and held a similar position at the meeting of 
that commission in Geneva, Switzerland, In 1922. 
He was a member of the American delegation to 
the International Electrotechnical Oonunlsslon 
meeting In London in 1924, The Hague in 1926, 
New York in 1926, and Bellaglo In ltf27. He 
was a delegate to the World Power Conference 
in London in 1924. 

Dr. Skinner was chairman of the American 
Engineering Standards Committee the years of 
1925,1926, and 1927. He was elected chairman 
of the committee for the organization of the 
iDtemationai Standards Association and repre¬ 
sented the United States at the London confer¬ 
ence of the I. S. A. in 1926. 

Dr. Skinner was a member of the Engineering 
Council throughout its life, and is a member of 
the American Engineering OouncU, its succi^ssor. 
He was chairman of a special committee ap¬ 
pointed by the Electrical Manufacturers Council, 
at the request of Herbert Hoover, then Secretary 
of Commerce, to work with the Department of 
Commerce and Bureau of Standards. He has 
been a member of the standards committee of 
the Institute for many years. As past chairman 
of tile American Engineering Standards Com¬ 
mittee he becomes a member of the board of 
directors of the American Standards Association. 

Dr. Skinner is a Fellow of the American 
Institute of Electrical Engineers, member of 
the Franldin Institute, American Society for 
Testing MateiMs, Fellow of the American 
Association for the Advancement of Science, 
member of the American Society of Mechanical 
Engineers, member of the EngJneers’ Soclecy of 
Western Pennsylvania, member of the National 
Electrical Manufacturers A^ciation, the Ameri¬ 
can Physical Society, the American Electro- 
ifiiemical Society, the Philosophical Society of 
Pittsburgh, th Engineers' dub of New York, 
the United States committee of the International 
Electrotechnical Oommlssion, and the University 
Olub of Pittsburgh. He was appoffited a dele¬ 
gate to the International Engineering Congress 


held in Japan in October, 1929, acting as chair¬ 
man of the American Electrobhemlcal Society's 
delegcCfcion and a member of the American 
Standards Association's delegation to th con¬ 
gress. In 1927 he received the honorary degree 
of Doctor Sciendb from Ohio University. 

In addition to those already mentioned Mr. 
Skinner has served on the following committees 
of the Institute: Edison medal, executive, public 
policy, principles of professional conduct, meet¬ 
ings and papers, research, electrical machinery, 
educational, and electrophysics. 

W. B. Kouwenhoven 

William Bbnnbtt Kouwbnrovrn was born 
at Brooklyn, N. Y., January 13, 1886. He 
received his early education at the Polytechnic 
Institute of Brooklyn and was graduated with- 
the Degree of E. E. cum iaude in 1906^nd a 
year later received the degree of M. E. from the 
same institution. Early educational experience" 
was obtahied acting as instructor in ^electrical 
engineering at the Polytechnic Institute of 
Brooklyn for four years subsequent to his 
graduation. The next three years were devoted 
to study in Germany under Professor Arnold at 
the Karlsruhe Technisriie Hochsriiule, Baden, 
Germany, where the Degree of Doktor tngenleur 
magna cum was conferred on him in 1913. 

During the course of Prof. Kouwenhovon's 
professional career, he has been known to be an 
able educator, diligent research, worker and a 
very capable engineer. In addition to the 
foregoing educational experience, he served for a 
year as Instructor in electrical engineering at 
Washington University and in the year 1914 
was appointed an Instructor in electrical engi¬ 
neering at Johns Hopldns University and to 
date is connected with the latter instituHon. 
His progress was rapid and during the year 1917 
he was promoted to the rank of associate in 
electrical engineering, in 1919 he was promoted 
again, to the rank of associate professor, and in 
1930 he was made professor of electrical engi¬ 
neering and assistant dean of the engineering 
school. 

Professor Kouwenhoven was in charge of the 
electrical engineering department at Johns 
Hopkins University and acted as instructor in 
the Reserve Officers Training Corps ilnit and 
held the rank of Captain during the war. He 
served part-time acting as a consulting electrical 
engineer at the Bureau of Standards. 

From 1919 to 1920, while on leave from 
Johns Hopkins University, he was ^^^master 
engineer In the employ of tl^e Winchester 
Repeating Arms Company and in qbarge of the 
installation of a plant for the manufacture of 
batteries and flashlights. 

Professor Kouwenhoven has bein very active 
in the Institute and other engineering soctetlos. 
He became an Associate of the Institute in 1906 
and was transferred to the grade of Member in 
1922. He has been a member of the following 
Institute committees: communication, electro¬ 
physics, instruments and measurements, Sec¬ 
tions, and the committee on coordination of 
institute activities. For the past three years he 
served as chairman of the sections committee 
and at present he is chairman of the Baltimore 
Section. 

In addition to Ms Institute activities, many 
noteworthy publications, too numerous to 
enumerate, Mong research lines and on the 
subject of instruments and measurements, 
have been credited to his name. Professor 
Kouwenhoven is a member of the A. S. T. M. 
and has served as vice-chairman of the com¬ 
mittee on magnetic testing. He is also a 
member of the Johns Hopldns Olub and the 
Baltimore Engineers Club. 
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W. E. Freeman 

William Edwabd Frbbman wfis l^orn in 
Fayette County, Ky., September 25, 18^. 
After obtaining hla early education in the schools 
of Fayette County he attended "Pransylvania 
College and received his A. B. Degree in 1901. 
Technical education was obtained at the Uni¬ 
versity of Kentucky, where he received the 
degree of B. M. E. in 1904 and later, in the year 
1912, an E. E. degree was conferred on him. 

Additional technical training by taking the 
apprentice coiu*se while in the employ of the 
Western Electric Company was obtained after 
he had received his B. M, E. degree from the 
University of Kentucky. The first years of 
his experience were obtained in the shops and 
the drafting depai’tmont at the Chicago plant, 
which were followed by five and one-half years 
work on engineering telephone apparatus design 
in Chi^go and in the Bell Laboratories at New 
York. With his good technical backgroimd 
aAi verj capable manner, a number of pieces 
of communication apparatus were developed by 
Mr. Freeman during the course of his work, 

Tn 1911 lie left the engineering department 
of the Western Electric Company to take a 
position as head of the electrical engineering 
department at the University of Kentucky. 
There he was known to bo a capable educator 
and all who had contact with him, both students 
and associates, benefited by this contact and his 
friendship. From May, 1920, to August, 1921, 
he supervised commercial training with the 
Westinghouse Electric & Manufacturing Com¬ 
pany and during the following yoar acted as 
dean o^the Engineering college at the University 
of Kentucky, In 1922 ho was made assistant 
dean of the college of englneerhig and head of 
the department of el ctdcal engineering at that 
university and to date is affiliated with the same 
institution in the same capacities. 

Professor Freeman became an Associate of 
the Institute in 1911 and was transferred to 
the grade of Member in 1926, and at present he 
is the Branch coimsolor at the University of 
Kentucky. He is a member of the S. P. E. E. 
and a past-president of its Kentucky Section, 
a member of Kappa Alpha, Tau Beta Pi, Lamp 
and Cross, Masons, and Rotary Club. He is now 
president of the Lexington Rotary Club. 

P. H. Patton 

Paul Hausha Patton was bom October 3, 
1873, at Harshaville, Ohio. His ecu'ly education 
was obtained at the schools in Denver and 
through his perseverance and Initiative his 
technical asp^t was broadened by Intensive 
study and reading, a large part of which was 
night work. 

Broad and varied experience.was obtained 
in the comnlunicatloih field and Mr. Patton 
has devoted many years of work in the testing, 
installation, operating and management of com¬ 
munication companies. His career began as a 
telephone installer and test man in Denver In 
the year 1891, followed by ten years of main¬ 
tenance and installation experience of multiple 
switchboards. Part of the time was devoted to 
fighting and power systems of central offices, 
toll switching, party line ringing and simplex 
telegraph and phantom equipment. In 1003 
he served as superintendent of the fire and police 
telegraph systems and^as chief Inspector for 
enforcement of the National Electric Code, as 
well as supervising street lighting in the city of 
Omaha. During the following year he served as 
general superintendent of th U. S. Telephone 
and Tdegraph Company, Waterloo, Iowa. 

In 1905 he becam general equipment foreman 
of the Nebraj^a Telephone Company and later 
was appraisal engineer, serving on the Nebraska 
State Railway Communication Committee for 
the Development of Telephone Plant Cost 


Units. In 1909 he became division engineer 
in responsible chaige of engineering plans, 
spedflcatlons and estimates for all types of tele- 
plx>ne plants. He was a member and treasurer 
of the Omaha and Council Bluffs electrolysis 
survey committee, a director, vice-president and 
president of the Omaha Technical Club, as well 
as a member and secretary of the Nebraska Joint 
Committee on Physical Relations between Elec¬ 
trical Supply and Signal Lines. 

Mr. Patton was a member of the organization 
committee of the Engineers* Club of Omaha 
when It was organized in 1923. and has been 
active In the work of the club since that time, 
serving it in the capacities of member, director, 
treasiu’er, and president. 

Mr. Patton became an Associate of the Insti¬ 
tute in 1918 and was transferred to the grade of 
Member in 1925. He was a member of the 
formation committee for the organization of the 
Nebraska Section of the A. I. E, E. His long, 
continuous service with the telephone company, 
liogether with his joint work and many other 
activities, has made him a prominent figure in 
the communication field. 

A. W. Copley 

Almon Waeiien Ooplby was born in Olay 
Center. Kansas, January 13, 1883. Immedi¬ 
ately after completing his electrical engineering 
course at the University of Kansas he entered 
the employ of the Westinghouse Electric A; 
Manufacturing Company as an engineering 
apprentice at East Pittsburgh, Pa., and he has 
been in the service of that company conrinu- 
ously since that time. 

During the course of hla professional career, 
Mr. Copley obtained broad engineering experi¬ 
ence. In particular. Ids prominent work in 
power transmission and inductive interference 
in connection with railway electrification has 
made him one of the recognized leaders in this 
subject among the engineers of the comitry. 
His other experiences consisted chiefly of de¬ 
signing instruments, watthour meters, relays 
and other similar devices. In 1913 he was in 
charge of designing automobile starting, fighting, 
and ignition equipment. 

Because of his excellent character and ability, 
his advancement in the engineering field was 
unusually rapid. In 1915 ho became general 
engineer, dealing particularly with special 
problems on railway electrification and general 
power and distribution systems. In 1921 he 
was made general engineer for the Pacific Ooast 
and ln^l925 he became manager of the engi- 
neerlhg division of the San Francisco Office, 
dealing with engineering in ^1 classes of electric 
apparatus. In 1928, upon the formation of the 
Pacific Ooast district of the company, be was 
made engineering manager for the district. 

Mr. Oopley became an Associate member of 
the Institute in 1904 and was transferred to the 
grade of Fellow in 1920. He has ably served on 
the communication committee as well as on the 
committee on power transmission and distribu¬ 
tion. He has been active in Institute affairs 
and is well known to the membership. In 
addition to his Institute activities he is also a 
member of the Pacific Ooast Electric^ Associar- 
tion, the Engineers* Olub of San Francisco, and 
the University Olub of Flttshiirgh. 

L. B. Chubbuok 

LaoNANo Burrows Orubbuos was bom in 
Ottawa, Canada, and received his college educa¬ 
tion at the University of Toronto. He took hls 
B. A. Sc. degree in 1900 and E. E. degree shortly 
afterward. 

Immediately after graduation he entered the 
employ of the Westinghouse Electric & Manu¬ 
facturing Company at East Pittsburgh, first in the 


drafting office and later in the power division of 
the engineering department. His work included 
switching equipment design, starting from the 
early days of air and oil circuit breakers. 

In 1909, after nine years* experience with the 
Westinghouse Electric & Manufacturing Com¬ 
pany he was transferred to the Canadian 
Westinghouse Company at Hamilton, Ontario, 
where he has been in charge of the engineering 
d partment section handling switching equip* 
ment. conti*oi, circuit breakers, etc, Hia first 
work in Canada comprised the Westinghouse 
switching equipment for the Amt stations of the 
Ontario Hydro Electric Commission when 
110,000-volt equipment was designed and 
installed with veiy great respect. Since that 
time Mr. Chubbuck has been Intimately con¬ 
nected with the switching equipment design of 
most of the later large hydroelectric plants 
throughout Canada. He has taken out various 
patents on disconnecting switches, etc. 

Mr. Chubbuck was an Associate of the Insti¬ 
tute for the periods 1902-1909 and 1018-1926 
at which time he was transferred to the grade of 
Member. He has served as dialrman of the 
Toronto Section, was Section delegate to the 
Chicago and to the White Sulphur Springs 
conventions of the A, I. E. E. and was a member 
for some years of the committee on protective 
de^dees. 

Various englneoring articles by Mr. Chubbuck 
have been published in th Electric Journal, 
Electrical Netvs, etc., and he has lectured before 
the Engineering Institute of Canada, Canadian 
Electrical Association and Toronto Section of 
the A. I. E. E. He is much interested in sports 
and is a past president of the Burlington and of 
the Hamilton Tennis Clubs. 

L. W. Chubb 

L. Warbinoton Chubb, son of the late 
Col. Ohas, St. J, Chubb, was born in Fort 
Yates, Dakota, on October 22, 1882. He 
obtained his common school education at 
Cheyenne, Wyoming, and Columbus, Ohio. 
In 1901, he entered Ohio State University and 
four years later was graduated with the degree 
of M. E. in E, E. In 1905, he entered th 
employ of the Westinghouse Electric &: Mami- 
factmdng Company at East Pittsburgh, as an 
engineering apprentice. In 1900, he vroa en¬ 
gaged in the development and appllcatloh of 
magnetic materials. Before the organization 
of an isolated research department at the 
Westinghouse company he had charge of advance 
development work on electrotechnical problems 
and new developments. 

Mr. Ohubb has been very acjflvo in standard¬ 
ization, botli national and international, and in 
committee work of leading fechnical societies. 
Twice he has been sent to Xiondon and Brussels 
os a delegate of the International Electro¬ 
technical Commission. His wide xperlence 
in many pioneer fields of dovolopment^orlchas 
resulted In hls being awarded about two hundred 
patents in electrical, mechanical, chemical and 
electrochemical and welding fields, and foe 
various types of instruments. 

In 1920, when the Westinghouse company 
organized its radio engineering department, 
Mr. Chubb was appointed manager of that 
department. He continued in that capacity 
untit Jan. 1, 1930, when the radio activities of 
the Westinghouse and CeneraJ Electric com¬ 
panies and the Radio Corporation of Amarif^ 
wer consolidated and concentrated at Camden, 
New Jersey, at which time he was appointed 
assistant vice-president of engineering. In 
June, 1930, he returned to East Pittsburgh 
as Director of the Westinghouse Researdi 
Laboratories. 

He has be^ active in the Iqstitute for more 
than twenty years and presented humerous 
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papers before its meetings. He also is a member 
of tlie National Electric Light Association, 
American Railway Association, International 
Electrotechnical Oommlssion, American Stand¬ 
ards Association, Illuminating Engineeiing 
Society, American Association for the Advance¬ 
ment of Science, American Physical Society, 
and the Franklin Instltut of Pennsylvania. 


B. D. Hull 

Blakb D. Hiriiii was bom in Galesburg, 
Michigan, September 12, 1882, and moved to 
Kansas at an early age. He received his grade 
and preparatory education at Delphos, Kansas 
and graduated from the University of Kansas 
in 1905 with the degree of B. S. in Electrical 
Engineering. Sine that date he has been in the 
employ of the Southwestern Bell Telephone 
Oompany in various branches of engineering 
work. At the present time he is chief engineer 
for that company for the state of Texas. He is 
past vice-president of the seventh geographical 
district of the Institute. He is first vice- 
president of the Balias Technical Club and 
President of the Dallas Electrical Club. He Is a 
member of the Institute of Radio Engineers. 
In addition to his business and technical activi¬ 
ties he is a member of the Balias Country Club, 
a Mason, and a member of the dlaconal of the 
Highland Park Presbyterian Church. 


H. R. Woodrow 

Habrt Rot Woodrow was bom in Luveme, 
Minnesota, April 15. 1887. After finishing his 
elementary school training in Des Moines. Iowa, 
he entered Brake University and graduated 
with the degree of B. S. in 1909. He continued 
his education at the University of Illinois under 
a scholarship and received the d^ee of M. S. 
with physics as major In 1911. 

Mr. Woodrow Joined the electrical engineer¬ 
ing staff of The New York Edison Oompany in 
1911 and continued his work with that organiza¬ 
tion until 1920. having advanced during the 
period to the position of assistant electrical 
engineer. Burhig 1921 and 1922 he was in 
engineering work with Stone A Webster, Inc., 
and the Westinghouse Electric & Manufacturing 
Oompany. 

During 1922 Mr. Woodrow Joined the staff of 
the Brooklyn Edison Oompany in the position 
of assistant electrical engineer and still is with 
that organization, now occupying the position 
of electrical engineer. 

Mr. Woodrow is a Fellow of the Institute and 
a member of the* National Electric Light Asso¬ 
ciation and has held the following positions in 
the eogifieering activity ^f these two organiza¬ 
tions: 

Chairman of the protective devices committee. 
A. I. E. SS«, 1921-26; chairman of the committee 
on transmission and distribution. A:I. E.E.; 
Y92S-30: chairman of the electrical apparatus 
committee. N.E. L. A., 1927,r member of the 
executive committee of the Engineering Section, 
N. E. L. A., 1928-29; chairman of the sectional 
committee on lightning arresters, American 
Standards Oommittee, 1924;' member of the 
committee on electricity distribution and use, 
Aasoci of E^ou Illuminating Companies, 
1924-25; member of the committee on electric 
switching and svritcbgear. Assoc, of Edison 
lUuminattng Companies, 1929-30. 

Mr. Woodrow holds a number of patents on 
electrl^, c nnections and devices. He is a 
member of Phi Beta Kappa, Sigma Psi and 
Tau Psi firatemities and a member of the 
En^eers Oldh-of New York arid the Orescent 
Club of Brooklyn.' 
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Waiter I. Slichter 

Wadtbr Ibvinb Sliohtsb was bom in St. 
Paul, Minnesota,‘May 7, 1873, and was gradu¬ 
ated at Columbia University in 1896 with an 
E. E. degree. 

He ntered the employ of the General Electric 
Oompany as a student in July, 1896, and the 
following year was transferred to the ojQ&ce of 
Dr. C. P. Stelnmetz, where he was engaged for 
a year in carrying on xperimental work, tests 
and calculations on various subjects. During 
the following two yeairs. he was engaged in 
designing induction motors, alternators, rotary 
converters, transformers and special experi¬ 
mental apparatus. For a number of years 
thereafter he devoted most of his time to the 
design of electrical machinery and, more par¬ 
ticularly. the equipment of electric railways. 

In 1910, he was appointed professor of elec¬ 
trical engineering and head of that department 
at Cohtmbla University, which position he still 
fills. 

During the war he was civlUan director of the 
Air Service school for radio officers at Columbia 
University. Since 1914, Professor Slichter 


has devoted considerable time to Instruction in 
electrical engineering to naval officers of the 
postgraduate school of the U. S. Navy, who are 
detailed for study at Columbia University. 

Professor Slicht^ became an associate In 
the Institute in 1900 and was transferred to the 
grade of Fellow in 1912. He was a member of 
the board of directors from 1918 to 1922, vice- 
president from 1922 and 1924, and has been an 
active worker upon several of the important 
oommittees of the Institute.* He has been 
chairman of the meetings and papers committee, 
of the editing committee, and a member of the 
finance committee. He is a member of several 
other engineering and scientific societies, and 
in 1903 was president of the General Electric 
Engineering Society, and was instrumental in 
reorganizing it into the Schenectady Section 
of the Institute. He also served for severa^ 
years as treasurer of the Society of Engineers of 
Eastern New York. 

Professor Slichter has presented 6ev(^al papers 
and discussions upon various engineering sub¬ 
jects before the Instltut and other societies, 
and has published many articles on technical 
subjects. 


Louisville Discussions 
Summarized in Review 


/^NLY discussion submitted in writing 

in accordance with A. I. E. E. rules 
governing it, is summarized; complete 
discussion, together with all papers so 
approved, will be published in the Trans¬ 
actions. A list of papers presented was 
published in the November issue of the 
Journal: 

Session on Transmission and 
Distribution 

J. J. Torok discussed “LIGHTNING 
INVESTIGATION AT ALCOA, TEN¬ 
NESSEE.” He pointed out wherein ^he 
results obtained at Alcoa, coupled with 
data from other investigations, aided 
considerably in establishing a moire-con¬ 
sistent concept of the origin and manuer 
in which surges appear on the line. He 
cited that the results obtained bore 
strong evidence against the induced- 
voltage theory. Of the hundreds of 
strokes appearing over or near the line 
only one or two resulted in a surge which 
might be harmful in its character. Os¬ 
cillograms of these surges showed them 
to be of long duration, 30 to several 
hundred microseconds instead of one or 
two to 15 or 20 microseconds, as was the 
earlier belief. Calculations made from 
these and other records as a basis deter¬ 
mined the probable magnitude of induced 
surges to be of the order of from 100,000 
to 200,000 volts, a value harmless to 
high-voltage transmission lines. Results 
bear out the prominence of the direct- 
strike theory with the need for adequate 
ground wire protection and low tower and 
footing resistances. 


Records kept by these experimental 
stations in Tennessee showed that a nor¬ 
mal switching surge will seldom exceed 
three times normal and only rarely rise 
to four times normal. Such data , on 
switching surges are of great value in that 
they will indicate the minimum insulation 
a transmission line can have and still give 
■good operating records. 

J. B. MacNeill discussed the statement 
in E. E. George’s paper, “Potential 
transformers are the best and most 
economical form of potential supply iq, 
the long run.” He pointed out that 
successful operation on many large sys¬ 
tems, including relaying, indicated the 
worth of bushing potential devices when 
used within their ratings. Low Costs 
and elimination of high-voltage potential 
transformers justify their use when 
possible. Mr. MacNeill explained fur¬ 
ther that recent improvements in bushing 
potential devices have reduced phase- 
angle error considerably over a wide 
voltage range. 

. Session on Protective Devices 

A discussion submitted by Doctor 
Wilhelm Lamport on “THE PHYSICAL 
NATURE OF NEUTRAL INSTABIL¬ 
ITY” was read by A. B. Knowlton. 
Doctor I^mpert stated that at frequen¬ 
cies with ratios which compared with the 
impressed frequency is not an integer, an 
alternating bias is necessary. At even 
harmonics the ratio of which is an integer 
of the fundamental frequency a bias is 
not at all necessary. These cases are 
analyzed in his discussion. 
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John Auchinploss discussed the effect in 
practicalcasesoftheneutralphenom^^de- 
soribedinthepaperson“Y«CONNECTED 
POTENTIAL TRANSFORMERS/* The 
occurrence of the neutral phenomena 
described may give rise to very misleading 
or false conclusions in attempting to 
interpret certain system conditions from 
the readings of instruments connected to 
Y-connected potential transformers. 
These involve the phase comparison of 
system voltages for purposes of ssmchro- 
nizing across grounded Y-delta power 
transformer banks, and the detection of 
accidental grounds on isolated-neutral 
systems operating at voltages beyond the 
rang^of the ordinary electrostatic ground 
detector. 

Prof^sor Walter L. Upson discussed 
“THEORY OF ABNORMAL LINE-TO- 
NEUTRAL TRANSFORMER VOLT¬ 
AGES/* He commented on the different 
methods of attack in the three companion 
papers and analyzed Mr. La Herre’s 
equivalent-circuit phenomena. He be¬ 
lieves Mr. La Pierre*s theory is no doubt 
correct and that it is greatly clarified in 
the last section of the appendix. He calls 
attention to the lack of directions here 
wliich would enable one to predict the 
type "of oscillations which might be 
expected. A series of actual oscillograms 
b{\,^ed upon predetermined constants and 
conditions would be interesting. 

W. W. Edson in his discussion in¬ 
quired about the effect of “NEUTRAL 
INSTABILITY,** or the half-and double¬ 
frequency oscillations, on certain instal¬ 
lations. One of these installations is three 
8050/115-volt star-deltaH3onnected poten¬ 
tial transformers operating watthour and 
powerrfactor meters. Another was the 
same installation as above only operating 
directional relays instead of watthour and 
power-factor meters. 

F. A. Hamilton’s discussion of the 
papers by Messrs. C. T. Weller, C. W. 
La Pierre, M Boyajian and 0. P. McCarty 
was read by C. Ji Schaus. In addition to 
the experiences with two applications of 
groimded-ij^eutral potential transformers 
on portions of * systems necessarily 
operated imderground at certain times 
described in Mr. Weller’s paper, Mr. 
Hamilton called attention to several 
other similar cases of the phenomena. 

Discussion by J. Fallon on the Physical 
Nature of Neutral Instability was read by 
J. J. Thalheimer. 

W. W. Edson discussed “POWER 
TRANSFORMER NOISE—ITS CHAR¬ 
ACTERISTICS AND REDUCTION** 
with particular reference to installations 
adjacent to a building in residential 
districts. He suggested placing the trans¬ 
formers in a pit in front of the building. 
The noise would be reflected upward and 
would not even be objectionable to 
residents across the street. 


In. connection with discussion on 
“POWER TRANSFORMER NOISE,’* 
Sol Naiman suggested that a paper 
be prepared on the elimination of noise 
in small motors used for hospital 
installations. 

F. W. Gay discussed “POWER 
TRANSFORMER NOISE” and sug¬ 
gested several methods for its reduction 
with a resulting improvement in appa¬ 
ratus design. One method suggests the 
lowering of densities at which materials 
are operating during light-load periods 
by the use of transformer windings in 
series during those periods, and in mul¬ 
tiple during heavy-load periods. Another 
method of eliminating noise would be to 
fully enclose the electrical equipment in 
noise-proof compartments and carry off 
the heat at several different temperatures 
by using bodies of volatile fluid each 
separately sealed. 

Session on Poweh Generation 

T. E. Purcell discussed “GOVERNOR 
PERFORMANCE DURING SYSTEM 
DISTURBANCES.” He cited that tests 
conducted under his supervision which 
were reported in a paper entitled “Operat¬ 
ing Characteristics of Turbine Governors,** 
presented at the 1930 A. I. E. E. Winter 
Convention, bore out the same general 
results as those reported in this paper. 

He expressed surprise in finding out 
that turbines under test, overspeed 
enough to trip the emergency governors 
when loads in excess of 60 per cent of the 
rated capacity were dropped. He referred 
to recent tests on a 60,000-kw. single¬ 
cylinder turbine newly installed. The 
maximum load of about 70,000 kw. can 
be suddenly dropped by opening the 
generator oil circuit breaker without 
tripping the emergency governor. 

E. E. George discussed “GOVERNOR 
PERFORMANCE DURING SYSTEM 
DISTURBANCES.” He emphasized the 
importance of the point in the paper about 
getting machines back into step without 
taking them off the bus. This results in 
the saving of time required for re-synchro¬ 
nizing which might be excessive if there is 
trouble on the system. 

Philip Spom discussed “GOVERNOR 
PERFORMANCE DURING SYSTEM 
DISTURBANCES.” He pointed out 
that during a system disturbance the 
amount of disturbance contributed by the 
governor itself toward the total distur¬ 
bance cannot yet be definitely determined. 

S. L. Henderson discussed “APPLICA¬ 
TION OP HYDROGEN COOLING TO 
TURBINE GENERATORS.” He 
pointed out that there is some question 
whether^ it is necessary to build those 
machines explosive-proof. This question 
can only be answered by experience. He 
cited that the arrangement of coolers 


within the confines of the machine would 
be of interest as the machine is complete 
in itself and does not require the addition 
of ducts or cooler supports. 


Directors Hold 
December Meeting 

The regular meeting of the Board of 
Directors of the American Institute of 
Electrical Engineers was held at Institute 
headquarters. New York, on Thursday, 
December 4,1930. 

There were present: President W. S. 
Lee, Charlotte, N. C.—^Past President 
Harold B. Smith, Worcester, Mass.—Vice- 
Presidents Herbert S. Evans, Boulder, 
Colo.; W. S. Rodman, Charlottesville, 
Va,; C. E. Sisson, Toronto, Ont.; H. V. 
Carpenter, Pullman, Wash.; I. E. Moul- 
trop, Boston, Mass.; H. P. Charlesworth, 
New York, N. Y.—Directors F. C. Hanker, 
East Pittsburgh, Pa.; E. B. Meyer, 
Newark, N. J.; J. Allen Johnson, Buffalo, 
N. Y.; A. M. MacCutciieon, Cleveland, 
Ohio; C. E, Stephens, New York, N. Y,;, 
A. B. Cooper, Toronto, Ont.; A. E, 
Knowlton, New York, N. Y.—^National 
Treasurer W. J. Slichter imd National 
Secretary P. L. Hutchinson, New York, 
N. Y. Present by invitation: H. A. 
Kidder, New York. Chairman of the Com¬ 
mittee on the Engineering Profession. 

• Reports of meetings of the Board of 
Examiners held October 21 and Novem¬ 
ber 18 were presented and the actions 
taken at those meetings approved. Up¬ 
on the recommendation of the Board of 
Examiners, the following actions were 
taken upon pending applications: 1029 
Students were enrolled; 70 applicants 
were admitted to the grade of Associate;« 
17 apphcants were elected to the grade of 
Member; 69 applicants were transferred 
to the grade of Member; 9 applicants 
were transferred to the grade of fellow. 

Approval by the Finance Committee, 
for payment, of monthly bills amounting 
to $26,078.21, waaratified. 

A resolution was adopted setting the 
time and location of the 193i Annual 
Meeting of the Institute; namely, Mon¬ 
day, June 22, at Asheville, N. C., duriqg 
the Annual Rummer Convention of the 
Institute. ^ 

Mr. William B. Jackson was reap¬ 
pointed a representative of the Institute 
o& the Engineering Societies Library 
Board for the foui^year term beginning 
January 1, 1931. Mr. L. T. Robinson 
was reappointed a representative tp,serve 
on the Standards Council of the Am^ean 
Standards Association for the three-y;ear 
term beginning January 1, 1931, and 
Messrs. H. H. Henline, H. M. Hobart, 
and H. S. Osborne were reappointed alter- 
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nates on the Standards Council for the 
year 1931- 

Approval “was given of a plan developed 
by a joint committee of the Founder 
Societies and the McGraw-Hill Book 
Company for the publication by the latter 
of a series of Engineering Societies Mono- 
^phs, consisting of manuscripts worthy 
of publication which have been submitted 
to the societies but which will not be 
published by the societies. Messrs- E- B. 
Meyer and W. I. Sliohter were appointed 
as the Institute-s representatives on the 
Engineering Societies Monographs Com¬ 
mittee. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of the Journal. 


A Half Century 
of Electrical Engineering 

In celebration of its fiftieth anniversary, 
the Western Society of Engineers held a 
meeting in Pittsburgh, Pa,, November 
14, at which the progress of engineering 
achievement during the life of the Soci¬ 
ety was the keynote of the addresses 
delivered. 

Professor Charles F. Scott, Yale Uni¬ 
versity, covered the field of electrical 
engineering, describing its major ad¬ 
vances step by step, from the advent of 
engine power in the last century to the 
outstanding electrical developments of 
today. With the birth of engine power, 
the engineering spirit was awakened and 
in two decades the half dozen engineering 
schools of 1860 had increased fourscore; 
yet the engineers of 1880 little realized 
^.hat a new power would soon be at their 
service. 

The Edison incandescent lamp, an¬ 
nounced in 1879, inaugurated the era 
of electric service which has become 
almost universal—a second industrial 
revolution. In 1886 the "a-e, system of 
distribution, sponsored hy George West- 
inghquse, began operation in Buffalo, 
and withlt came the era of long distance 
transmission. 

Tn the sixties the general communica¬ 
tion system with numeroua. private lines 
connecting residences, offices, and fac¬ 
tories, established a service for person- 
to-person communication carried on by 
messenger, printing telegraph, and de¬ 
livery boy. This system was simplified by 
invention and about 1878 the telephone 
exchange was installed. Thirty years ago 
Marconi’s three dots spanning the Atlan¬ 
tic heralded the wireless telegraph. Then 
came broadcasting. A now public service 
was inaugurated in the pioneer broad- 
^casting which took place about ten years 


ago. Frank Conrad working with the 
amateurs discovered that the rejected 
short wave had vast superiority for long 
distance service; for instance, talking with 
B 3 rrd at the South Pole. 

One may well ponder over the question 
—^Does electric power, or electric com¬ 
munication—one serving the physical, the 
other intellectual—^make the greater con¬ 
tribution to our modem life? 

In the advance of man, definite stages 
or epochs are recognized. The use of fire, 
the bow and arrow, the invention of 
pottery, the domestication of animals, 
the use of iron—each gave means of life 
on a higher plane. The outstanding fac¬ 
tor in historic time is the production of 
power; in plotting a curve of human 
progress the long level of many centuries 
changes into high ground as the activities 
of the 19th century of steam power are 
reached. But they are only foothills be¬ 
fore the rising altitude of the 20th century 
record. These curves of activity in a 
score of fields, simultaneously with the 
shift from muscle to manufactured power, 
coincide with the increasing use of power 
in the new ways provided by electricity. 

In achievement and in anticipation, 
the story of electricity during the past 
half century illuminates the verdict of 
Herbert Hoover that “Electricity is the 
greatest tool that ever came into the 
hands of man,*’ 


Treasurer Hamilton Resigns 
W. I. SUchter Elected 

National Treasurer George A. Hamilton, 
because of illness, has found it necessary 
to resign his office. With regret, on No¬ 
vember 25th, at a special meeting of the 
Executive Committee the resignation was 
accepted and Professor Walter I. Slichter 
of Columbia University was elected to*fill 
the unexpired term ending July 31, 1931. 

At a meeting of the Board of Directors 
held December 4, the action of the Execu¬ 
tive Committee was ratified and the fol¬ 
lowing resolution adopted: 

WhereAB the resignation of National 
Treasurer George A. Hamilton, because 
of illness, was accepted with regret by the 
Executive Committee at a special meeting 
held at Institute headquarters on Novem¬ 
ber 25, 1930, and this action has been 
confirmed at this meeting, be it 

BssoLVEn that this Board, acting in 
behalf .of the membership of the Institute, 
hereby places upon record its high ap¬ 
preciation of Mi. Hamilton’s long and 
loyal service since 1895, as Treasurer 
of the Institute; also of his inaay and 
valuable contributions to the Institute 
as a charter member, Vice-President 
1884r6, and member of the Board of 
Directors, Executive, E^son Med^ and 
other committees; and extends to Mr. 
Hamilton its greetings and best wishes. 


Memorable Meeting 
. Held by the A. S. M. E. 

So many features of the annual meeting 
of the American Society of Mechanical 
Engineers held early in December were of 
technical interest and stimulus that its 
fruitfulness will no doubt be felt well into 
the future. Good papers of ample scope 
in the fields to which they specifically 
applied were supplemented by the ani¬ 
mated general discussion which always 
makes so strongly for constructive values. 
The handling of materials, railroad 
development, machine shop practise, gas 
and oil power, central station pqwer, 
aeronautics, refrigeration, and American 
management in Europe, were a few of the 
subjects to which the conventioh gave 
investigation and with more than two 
thousand engineers in attendance one 
may appreciate its significance as a 
medium for the dissemination of a super¬ 
abundance of broad and versatile 
information. Industrial accident pre¬ 
vention was supported in a symposium 
given under the auspices of the A. S. M. E. 
standing committee on safety. 

In a session on hydraulics, Frank E. 
Bonner, executive secretary of. the 
Federal water-power commission gave 
rise to such enthusiasm and support of 
his cause that a resolution was passed By 
the society’s Council for the appointment 
of a special “Engineer’s Water-Power 
Policy” committee, on which would 
serve five men chosen from the national 
representative bodies—^two from A merican 
Engineering Council and one each from 
the mechanical, civil, and electrical 
engineers. The essence of Mr. Bonner’s 
paper appears elsewhere in this issue! 

“The Human Problem” took issue in an 
address delivered by Professor Elliott 
Dunlap Smith of Yale, at the annual 
dinner. It was a challenge to the engi¬ 
neer’s unmindfulness of obligation 1:>oth 
social and technological, and the anima¬ 
tion with which Professor Smith'delivered 
his speech paved the way forcefully for 
sessions held for the discussion of the 
stabilization of employment, and of 
economic and industrial power. A special 
conference assembled at the request of 
American Engineering Council presented 
Colonel Arthur S. Wood, chairman of the 
President Hoover Emergency Committee 
for Emplosmaent to sponsor industry’s 
efforts to stabilize employment both in 
the past and during the present crisis. 
In his address he cited a paper presented 
in 1886 by Henry B. Towne—an epoch- 
maldiig document responsible for the 
inanguration of an entirely new manage¬ 
ment movement in tins country. The 
greatest hope of solution for the present 
crisis, Colonel Wood believes, rests with 
an intelligent and persistent attack of the 
situation by engineers and economists. 
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Account of the award of the John Fritz 
Gold Medal to Admiral David TV^tson 
Taylor, Chief Constructor of the UnitecL 
States Navy during the.World War, and 
the conferring of honorary membership in 
the Society upon Doctor Blihu Thomson, 
past-president of the Institute^ may be 
found briefly stated in another news 
column of this issue. 

Section delegates, the representatives of 
localized and important society effort, 
were also in special convention at this last 
annual meeting, which has also been 
voted “the best/’ 


Illumination Commission 
to Meet in England 

President E. C. Crittenden of the U. S. 
national committee of the International 
Commission on Illumination reports that 
the general outline of plans for the session 
to be held in Great Britain in 1931 is now 
practically complete. In connection with 
the commission’s sessions there will be an 
international illumination congress and a 
tour of inspection to various cities. The 
whele program will fill the time from 
Sept. 2 to Sept. 19,1931. 

After registration in London delegates 
will go to Glasgow for the first session 
Sept. 4. Meetings will follow in Edin¬ 
burgh, (Sept. 6), Sheffield, (Sept. 8), 
Birmingham, (Sept. 10), and finally in 
Cambridge, (Sept. 13-19). The dates 
have been chosen to bring the meetings 
to a close immediately before the three- 
day celebration of the Faraday centennial 
in London, which will include a meeting 
of the Institution of Electrical Engineers 
and will be followed by the annual 
meeting of the British Association for the 
Advancemeni; of Science. 

Looking forward to the 1931 sessions, 
the primary aim of the U. S. committee 
during the past yeaahas been to arrange 
for creditable representation at the 
sesrions of American interests,—develop¬ 
ments, and opinions. The United States 
is particularly charged with responsibility 
for four very important divisions of the 
commission’s work: (1) motor-vehicle 
lighting, (2) factory and school lighting, 
(3) aviation lighting, and (4) applied 
lighting practise in ^elds not otherwise 
specifically covered. The last two are 
new assignments, and in these there has 
been the keenest interest. 

To provide a direct connection between 
the four committees in charge, a special 
committee has been formed tinder the 
chairmanship of A. L. Powell. This 
coordinating committee is to assist and 
advise also those who represent the 
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United States on the 14 projects managed 
by other national committees, thus 
seiwing as a general clearing house for 
American contributions to the congress 
and commission sessions outside the scope 
of the secretariat committees. 

On two important questions of stand¬ 
ardization the assistance of this commis¬ 
sion has been sought during the year by 
other international organizations. One 
is the problem of lamp bases and sockets; 
this has been before the International 
Electrotechnical Commission for several 
years. 

The second question of international 
standardization which has been raised 
falls clearly within the field of the I. C. I. 
The International committee of weights 
and measures, which now has jurisdiction 


over international electrical units and 
standards, has taken up the problems of 
photometry also. Its advisory committee 
on electricity has been authorized to seek 
the collaboration of the I. C. I.; this 
action will give a new stimulus to the 
attempt to agree upon (1) a primary 
standard of light and (2) a uniform and* 
accepted method of measuring lights of 
widely diverse colors. 

Reverting to the matter of representa¬ 
tion from this country at the 1931 session, 
it should be made dear that participation 
in the session and the tour of inspection is 
not limited to those who are now taking 
part in the work of the Committee. The 
A. L E. E. is represented on the U. S. 
National Committee by A. E. Kennelly, 
C. O. Mailloux and Clayton H. Sha^. 


Edison Bust for Deutsches Museum 



The Hall of Honor in the Deutsches 
Museum, Munich, shortly win receive 
from the United States, with the Institute 
and the Edison Pioneers as joint sponsors, 
a marble bust of heroic size of Thomas 


A. Edison. Formal presentation wiU hp 
m^e in Munich by an American dele" 
gation, the date of presentation being 
subject to the convenience pf4he museum 
authorities. 
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District Prizes Awarded 
at Philadelphia Meeting 

J. A. Noertker, of the Cincinnati Street 
Railway Company’s engineering depart¬ 
ment, and H. F, L. J. Seyler of the 
Consolfdated Gas Eleotrie Ldght and 
Power Company of Baltimore, are winners 
respectively of the Institute’s Best 
Paper Prize and the Initial Paper Prize 
awards for the year 1929. Mr. Noertker’s 



J. A. NOERTKER 


paper was entitled .iSfreei Railway .Power 
Eccnomica on the Cincinnati System^ and 
Mr. Seyler’s, CuTrent Characieriatice of 
Conatant'-Ourrent Transformers During 
Sudden Changes of Load, Awards were 
made October 14, 1930, at the Institute’s 
Middle Eastern BisMct Meeting at 
Philadelphia. 

Mr. Noertker is a native of Cinciimati, 
Ohio, and a graduate of the University of 
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Cincinnati (19^). He entered the em¬ 
ploy of the Cincinnati Traction Company 
as a cooperative student, and after 
graduation remained with the company 
in the capacity of ‘^special engineer.” 

1927 he was promoted to the position 
of deotrical engineer of the newly organ¬ 
ized Cincinnati Street Railway Company. 

' Mr. Seyler is a graduate of York High 
School, York, Pennsylvania (1923) now 
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doing night school work at Johns Hopkins 
for a B. S. degree in engineering. He has 
traveled extensively in this country *111 
the interest of the electric construction 
department of the Pennsylvania Water 
and Power Company. Since 1925 he has 
been in the electric test department of the 
Consolidated Gas, Electric Light and 
Power Company engaged in various spe¬ 
cial tests, and investigations on radio in¬ 


terference problems, special studies on 
opnstMit-current transformers, and series 
street-lighting circuits; also the effects of 
corona on«fuses, and the characteristics of 
high-voltage fuses, disconnect switches, 
oil circmt breakers, etc. Most of his 
time is now being devoted to special 
oscillographic work and a generalized 
study of lightning on the 66-kv. ring of 
the Consolidated company. 


♦ ♦ ♦ 


Edison Medal Awarded 
to Dr. Frank Conrad 


^ kis contribution to radio broad- 

casting and short-wave radio 
transmission” Doctor Frank Conrad, 
Pittsburgh, Pa., has been given the 1930 
Edison Medal Award by the American 
Institute of Electrical Engineers. It is 
planned to present the medal to Doctor 
Conrad on Wednesday evening January 
28, 1931, in connection with the annual 
Winter Convention of the Institute. 

The Edison Medal was founded 
February 11, 1904, by associates and 
friends of Thomas A. Edison and is 
awarded annually for “meritorious 
achievement in electrical science, electri¬ 
cal engineering, or the electrical arts,” by 
a committee consisting of twenty-four 
members of the Institute. 

Since its establishment the medal has 
been awarded to the following men: 
Elihu Thomson (1909), Prank J. Sprague 
(1910), George Westinghouse (1911), 
William Stanley (1912), Charles P. 
Brush (1913), Alexander Graham Bell 
(1914), Nikola Tesla (1916), John J. 
Carty (1917), Benjamin G. Lamme 
(1918), W. L. R, Emmet (1919), Michael 
I. Pupin (1920), Cummings 0. Cltessiey 
(1921), Robert A. Millikan (1922), John 
W, Lieb (1923), John W. Howell (1924), 
Harris J. Ryan (1925), William D. 
Coolidge (1927), Prank B. Jewett (1928), 
Charles P. Scott (1929). 

Doctor Conrad was bom in 1874 in 
Pittsburgh, Pennsylvania. In 1890 he 
entered the employ of the Westinghouse 
Electric and Manufacturing Company in 
Pittsburgh and his rise in that organiza¬ 
tion was rapid. After several years as an 
assistant in the shops he entered the 
laboratory and during the ensuing stage 
of his work he invented several forms of 
switches, lightning arresters, and breakers 
for use in alternating-current work. He 
was closely associated with, and later in 
entire charge of, the arc-lamp design 
department. This was his first engineer¬ 
ing work. Doctor Conrad’s connection 
with radio dates back before the days of 
broadcasting when he became interested 


as an amateur in radio reception of time 
signals and later in radio-telephone 
transmission by means of vacuum lubes. 
He established an amateur radio tele¬ 
phone station which later resulted in the 
development of the Westinghouse station, 
KDKA. 

Doctor Conrad was appointed a general 
engineer of the Westinghouse organization 
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in 1904 and was promoted to the position 
of assistant chief engineer -in 1921. In 
1925 he was awarded the Morris 
Liehmaun Memorial Prize of the Institute 
of Radio Engineers for his early work in 
connection with high-frequency trans¬ 
mission. 

He is a PeUow of the Institute of Radio 
Engineers, a member of the Society of 
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Two-Way Radio Phone Demonstrated by 

Fire Boat 


Automotive Engineers, and a member of 
the American Association for thA Ad¬ 
vancement of Science. He received the 
honorary degree of Doctor of Science in 
1928 from the University of Pittsburgh. 


Conductivity of 
Threaded Connections 

Measurements have been completed by 
the Bureau of Standards covering electri¬ 
cal resistance between nuts and bolts, 
usin^ two radically different types of 
inreads—the American National and 
the Dardelet—and different materials. 
EesultS* showed that the contact resis¬ 
tance usually is less than the resistance 
of a one-inch length of the bolt and that 
under similar conditions the resistance of 
the Dardelet thread generally is not more 
than one-fourth that of the American 
National thread. Maximum resistances 
found were for steel bolts of the American 
National thread, in which, with a stress of 
2,000 lb, per sq. in. in the bolts, (about 
an inch length of bolt), the resistance is 
about^lO microhms. Minimum stresses 
were found for copper bolts with Dardelet 
threads in which, with a stress of 6,000 lb. 
or^more per sq. in., the resistance was 
approximately 0.02 microhm, equivalent 
to about 1/64 in. of bolt. 

This subject is treated in further detail 
in Research Paper No. 227, Bureau of 
Standards. 


Dr. Millikan Predicts 
Added use of Sun’s Rays 

Science, instead of being even a frac¬ 
tional detejrant to business, as some 
claim, may prove on the contrary a 
solution whereby adjustment of present 
circumstances may be accomplished, is 
the opinioif expresjied by Doctor Robert 
A. Millikan before the second session of 
the Association of life Insurance Presi¬ 
dents recently reported convention in 
New York City. Doctor Millikan’s 
thought according to the account is to use 
direct sunlight instead of the stored solar 
energy found in coals and oils. He 
asserts that if it were possible for the 
hydrogen in seawatgr to be combined on 
the earth’s surface with helium, oaygen, 
carbon, nitrogen, silicon, etc., energy 
would be released in enormous quantities 
with no violation of any established 
thermodynamic law. He sketched a 
future in which science will ‘‘almost 
indeffnitely increase the satisfaction of 
human wants”; saying, “science creates 
more jobs than it destroys”, 



Possibility of maintaining constant 
communication with shore headquarters 
two miles distant was demonstrated 
recently through the use of a two-way 
radio apparatus installed on the John 
Purroy Mitchell flagship of New York 
City’s fire fighting fleet. This is one of 
the first proofs of effective use of radio 
communication in connection with the 
fighting of fires and it is expected that it 
may result in a saving of thousands of. 
doUars annually. Beside doing away 
with the necessity of responding to false 
alarms the two-way system permits cen¬ 
tralized direction of marine fire forces 


and greatly improves coordination with 
land forces. 

In the apparatus used for test demon¬ 
stration, transmission and reception were 
carried on alternately by means of a small 
push button on the telephone transmitter. 
This push-button controls relays which 
connect either the transmitter or the 
receiver with the antenna subject to the 
will of the operator. The Federal Radio 
Commission already has authorized recip¬ 
rocal radio stations for this new utiliza¬ 
tion of radio facilities; the land station 
in New York will be designated as WCF 
and the station aboard the New York 
fire boat will be WRBE. 


“Cal.-Tech.” to Have 
Astro-Physics Laboratory 

A laboratory devoted to research on 
astronomical and allied subjects is to'be 
built by the California Institute of 
Technology, Pasadena, as a part of its 
new 200-in. telescope observatory, to be 
located in the adjacent mountains. 
Equipment for the new astro-physics 
laboratory wa*5i described by Emmett 
M. Irwin, late of the General Electric 
Company, in a recent address b^ore a 
Student Branch Meetii^ in Pasadena., 
Mr. Irwin now is engaged in research 
work at the Institute in Pasadena and is 
contributing much to the general design 
for the new laboratory and its equipment. 

Two features are of particular in¬ 


terest to the electrical engineer; one, a 
ooelostat tower 76 ft. high, to be used 
in obtaining spectrographs of the sun.^ The 
dome of this tower, holding the 8olleeiing 
mirrors, must of necessity rotate with the 
sun; it will have an independent electrical 
system of limited power, but maintained 
at an accurately constant frequency by 
the oscillation of a piezo-crystal suitably 
amplified. For precision, this idea sup¬ 
plants the ordinary clockwork method, 
which because of reverse power fed back 
from manually-operated mechanisms, is 
subject to inaccuracies. 

The second unique piece of apparatus 
which Mr. Irwin’s plans include is a 2U0- 
kw, solenoid to be used in the investiga¬ 
tion of solar spectra under.«the influence 
of intense magnetic fields, it being sup- 
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posed that sunlight reaches ns at times 
through intervening magnetic fields in 
space which break up the spectrum lines 
into unusual components. As proposed, 
the coil used will be of 17-m. diameter and 
five or six feet high. To keep its dimen¬ 
sions wijihin reason, it must be essentially 
«L high-current instrument; leads to the 
solenoid will be of 6-in. copper bars 
carried through a speciaf tunnel outside 
the building about 200 ft., from the 
generator room to the tower. In a 
laboratory of this nature space for 
generator layout is limited and great care 
miust of necessity be exercised, problems 
of interference being very fully debated. 
Synchronization of units distributed over 
the building with the main system will be 
accomplished by Selsjm. equipment. 


Can Power Gome 
from Tropic Seas? 

Power stored in tropic seas is capable 
of operating electric generating plants 
of as much as 25,000-kw. capacity, accord¬ 
ing to assertion made by I^ofessor 
Georges Claude, famous French scientist, 
in a lecture before a recent meeting of 
the American Society of Mechanical 
Engineers. Reported in the November 
1, 1930, issue of Science News Letter is 
an interesting account of Professor 
Claude’s proposal to build a power plant 
to utilize the hydroelectric possibilities 
available through the temperature differ¬ 
ences between the surface and the deeper 
water of southern seas. It is asserted 
that so far as convertible energy is con¬ 
cerned a given installation could be com¬ 
pared with a 300-ft. waterfall. ■ 

According to Professor Claude’s pro¬ 
posal such a plant could be located near 
Santiago de Cuba, and could be of aufiS- 
cient capacity to^toeet the normal require¬ 
ments of several thousands of people. 
Three million dollars is said i;o be the 
approximate cost of d^eloping such a 
plants This figure, although somewhat 
greater in proportion than that of the 
modem steam-electric plant, is said to 
compare favorably with other hydroelec¬ 
tric installations, all points ooiisidered. 

In this process of conversion of ocean 
waters into usable power it is contem¬ 
plated that the warm surface water would 
first be vaporized into steam at a veiy 
low temperature; the tepid water not 
being heated but merely subjected to 
vacuum. Steam so obtained would be 
passed through a turbine and thence to a 
condenser ^oled by water drawn from a 
relatively great depth. Thus the cycle 
contemplated is similar to that of a norr 
^al steam-^ectnc generating plant. 
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Fritz Gold Medal 
Awarded Admiral Taylor, 

Wednesday evening Dec. 3, 1930, at 
the annual dinner of the American Society 
of Mechanical Engineers, the John Fritz 
gold medal was awarded Admiral David 
Watson Taylor, chief constructor of the 
United States Nd.vy during the World 
War. 

During his whole active csreer, lasting 
from 1881 to Jan. 16, 1923, when he was 
retired from service at his own request, 
Admiral Taylor’s record has been one of 
unusual achievement and value to both 
governmental and professional causes, 
both nationally and internationally. 


Biggest Radio Tube 



By the grouping together of several of 
these huge 200,000-watt radio tubes, for¬ 
mer Federal Radio Commissioner O. H. 
Caldwell (standing) now editor of Eleo 
ironies predicts that the million-watt 
broadcasting station will become a reality. 
This giant tube has its grid as well as its 
plate watercooled, the operation requiring 
approximately 1,250 gallons of cooling 
water hourly. 

In the hope of overcoming static and 
thus affording better service for millions 
of people, especially those located in 
rural districts, Mr. Caldwell, as Radio 
Commissioner, urged the use of high 
powered broadcasting stations, and to¬ 
ward this end the above pictured tube 
seems to be an important step of accom¬ 
plishment. 


A. S. A. Chooses 
Dr. Gherardi President 

The election of Bancroft Gherardi to 
the presidency of the American Standards 
Association was announced at the annual 
meeting of the association Dee. 11, 1930. 
He will now assume direction of national 
and international standardization activi¬ 
ties for the organization, a task involving 
more than 2,000 representatives of some 
500 national trade, technical, and govern¬ 
mental bodies. Mr. Serrill’s work (Mr. 
Qherardi’s predecessor) included the 
completion of 46 new national standard, 
in mechanical, electrical, civil, chendcals 
mining, and woodworking fields during 
the past year, with a number of safetj’ 
codes which are now being used by 
regulatory bodies, by insurance groups, 
and by industiy in behalf of uniform 
methods for safeguarding the lives and 
health of workers. 

Others taking office in the association 
under the coming year’s elections are, 
CloydM. Chapman, engineering specialist 
of New York City, re-elected vice- 
president and chairman of the A. S. A. 
Standards Council, and John C. Parker, 
serving as vice-chairman. 

♦ 

Dr. Thomson A. S. M. E. 
Honorary Member 

Doctor Elihu Thomson, past-president 
and Honorary Member of the Institute 
and director and founder of the Thomson 
Laboratory of the General Electric 
Company at Lynn, Mass., was awarded 
honorary membership in the American 
Society of Mechanical Engineers on Dec, 
2, 1930, during that society’s annual 
meeting. The presentation was made by 
Dr. Ambrose Swasey of Cleveland, a 
past-president of the A. S. M. ]£. ^ 

The importance of Dr. Thomson’s 
scientific and engineering achievements 
already has received^ recognition by 
representative societies of many countries 
in the form of medals, fellowships and 
official position. His conspicuous work 
in behalf of Institute activities is too well 
known to require further publicity here. 

♦ 

A Tube the Equivalent 
$5 Billion of Radium 

“Wonders of a new X-Ray machine—a 
660,000-volt tube” was the subject of 
Dr. R. A. Millikan’s talk before the 
Radiological Society of North America at 
its late meeting as reported in the daily 
press. The tube’s potentialities m the 
fields of medicine, physics and engineeiv 
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ing, the noted scientist said, are undeter¬ 
minable at present. 

Its rays approximate the gamma rays 
of radium, and what may lie ahead in its 
application for the penetration t)f metals 
and of non-homogeneous masses and the 
molecular structure of human tissues 
remains for the future to reveal. 


New Photoflash Lamp 
Makes Photography Safe 

It is Claimed that the dangers from 
flashlight powders used in photographic 
^work have been conquered to no incon- 
sidbrable degree in the production of 
what will be known as *'photoflash” 
lamp. It is a Westinghouse discovery 
whereby an ordinary incandescent lamp 
is reported to be converted into one which 
will produce a four-million-oandlepower 
flash free of the danger of fire to any 
inflammable surroundings to which its 
service may be destined. 

There is no smoke, no flame; a glass 
confines the chemical reaction and all 
residue. Being similar to the 100-watt 
househ®ld lamp, the photoflash lamp is 
claimed to operate on any ordinary 
electric light socket or even from the 
ordinary handflashlight battery when 
equipped with the household lamp socket. 




Standardization 
Projects Reviewed 

For thos€w interested in the status 
of the various electrical standardization 
projects which are being carried on 
under American Standards Association 
procedure, tfiere appears in the November 
issue of the A, S. A. Bulletin a detailed 
statement covering 35 undertakings. 
The Institute is serving as sponsor or 
joint sponsor in 23 of these and is repre¬ 
sented in many of the others. Copies 
of the bulletin may be obtained by 
addressing A. S. A. headquarters, 29 
West 39th Street, New York, N. Y. 

• 

A. S. T. M. Standards 


metals, miscellaneous. Part II—^Non- 
Metals—standards relating to cement, 
liii\e, gypsum, concrete and aggregates; 
brick, refractories and tile; preservative 
coatings; petroleum products and lubri¬ 
cants; road materials; waterproofing and 
roofing materials; rubber products and 
insulating materials; textile materials; 
coal, coke, timber and miscellaneous. 
The two volumes may be obtained at 
the following prices: Part I, cloth $7.50; 
half leather $9.00. Part II, same prices. 
Both parts at $14.00 and $17.00 according 
to binding. Address American Society 
of Testing Materials, 1315 Spruce St., 
Philadelphia, Pa, 

Electrical Definitions 

The Sectional Committee on Electrical 
Definitions of which the Institute is sole 
sponsor and that is engaged in what is 
virtually the compilation of a dictionary 
of American standard definitions in the 
electrical field, is now reaching a point 
in its work where results are showing. 
Certain of the 15 sub-groups to which the 
work has been allocated are furnishing 
reports in a status suitable for setting 
in typo for final distribution. The work 
is slow because of the care with which it 
must be carried on and the necessity of 
obtaining approval of all interested 
bodies. 

In their preliminary reports the various 
chairmen are confining themselves to 
those definitions on which there is no 
question. Others will follow later as 
difidculties are ironed out and inconsis¬ 
tencies eliminated. Those groups which 
are advanced farthest at present are, 
illumination, transportation, control and 
transmission. When the work is com¬ 
pleted the publication containing the 
complete report will be of great value to 
the electrical industry. 
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P. D. Newbury, former manager of the 
power engineering department of West¬ 
inghouse at East Pittsburgh, has been 
appointed general manager of machinery 
engineering; R. A. McCarty succeeds 
him in the power engineering department 
managership. 


The 1930 edition of the triennial 
book of A. S. T. M. standards has just 
been issued. It contains 430 standards 
adopted by the Society and is issued 
in two parts:—^Part I—^Metals—stand¬ 
ards relating to steel, wrought iron, 
pig and cast iron, ferro alloys, non-ferrous 


T. A. Fa WELL has made new business 
connections with the Marwood Company 
of San Francisco, which operates in six 
Pacific Coast cities under its various local 
organizations in its activities of repair 
and construction of motors and shop 
equipment. 


Claxton A. Allen, formerly manager 
of the southwestern district of Westing- 
house Electric &ManufacturingCompany, 
was elected a commercial vice-president 
at a recent meeting of the company's 
board of directors. Mr. Allen’s duties of 
coordination will extend to the domestic 
appliance division and others serving the 
household market, including refrigeration,’ 
radio, etc. 

Evbritt W. Wilson, formerly vice- 
president of R. W. Hebard Co., Inc., of 
New York, and later foreign representa¬ 
tive for the J. G. White Engineering 
Corporation of New York, now is asso¬ 
ciated with Winston Brothers Company 
of Minneapolis, Minn., as representative 
for the negotiation of contracts outside of 
the United States. 


OLitaj 
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William B. Clarkson, of the indus¬ 
trial control engineering department of 
the General Electric Company, Schenec¬ 
tady, and since 1919 an Associate of the 
Institute, died Oct. 23, 1930, at the Long 
Island City College Hospital, Brooklyn, 
N. Y., after an iUness of several weeks. 

He was a native of Brooklyn (December, 
1892) and held two professional degrees, 
A. B. from Williams College in 1913 and 

M, E. E. from Harvard Graduate School 
of Engineering in 1915. His professional 
work with the General Electric Company 
originated in 1915 when he. became test 
man in the Schenectady works; in 1917 
he advanced to the position of engineer 
of the industrial control department of 
the same Company. In August of that 
year he received his commission as a 
second lieutenant of engineers, iiissigned 
to the 303d Engineers as supply officer for 
the 1st Battalion in British Area. He 
was discharged from military service in 
1919 as a first lieutenant and returned to 
the industrial control departnsent" of 
the General Electric Company. 

Edmund D. McCarthy, president 
McCarthy Brothers and Ford of Buffalo, 

N. Y., died suddenly Dec. 13, 1930, of 
heart failure. 

He had been in the electrical business 
for more than 35 years and was prominent 
in the field of electrical contractors and 
jobbers in the State of New York. His 
efforts had been principally for the 
betterment of the electrical industry, 
serving as general chairman of the Eled^ 
trical League of the Niagara Frontier, 
past-president of the Buffalp Electrical 
Contractors Association, and as a director 
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of numerous companies including the V V 

Marine Trust Company, the Iroquois ln«#A-v- 

Share Company, and the Buffalo Cham- VJft. 

her of Commerce. For many years he — 

was in the New York National Guard, in 
which he rose to the rank of major. He 


joined Jbhe Institute as Associate in 1896 
and also was a member of the Engineering 
Society of Buffalo and numerous local 
recreative groups including Buffalo 
Canoe, Buffalo Athletic, Cherry Hill, and 
Buffalo Country Club. 

Andrew M. Hunt, consulting engineer 
and past member of the Institute died at 
Berkeley, California, Dee. 8,1930, in his 
72d year. He was a graduate of the 
Annapolis Naval Academy and had 
become prominent in both mechanical 
and electrical engineering fields. Upon 
extending his resignation from the navy, 
Mr. Hunt opened his own offices as 
consulting engineer in San Francisco, but 
in 1915 he came to New York to head the 
firm of Peyton-Hunt Company, Inc. 
His appointment to the Naval Consulting* 
Board took place in 1917. Mr, Hunt was 
a member of the American Society of 
Mechanical Engineers, the American 
Institute of Consulting Engineers, the 
American Chemical Society, and numer¬ 
ous other technical bodies. 


Engineering Index Service 

29 West 39th. Street. New York, N. Y. 


CELEOTED references to current 
^ electrical engineering articles from 
Engineering Index Service's review of 
some 1.800 technical periodicals. 

All articles indexed are on file in the 


Engineering Societies Library, which 
wUl furnish photoprints of any article 
at a cost of 26 cents per page or make 
translations of foreign articles at cost. 


ARCS 

Carbon. A Geometrical Analysis of 
Open Carbon Arc Phenomena, W. Cramp 
and A. P, Jarvis. Instn. Elec* Engrs .— 
JL {Lond.)j vol. 68, no. 406, Oct. 1930, 
pp. 1301-1312, 11 figs. Behavior of 
carbon arc with resistance in parallel is 
developed geometrically and proved ex¬ 
perimentally; conditions governing musi¬ 
cal arc analysis show that musical are, 
in which current oscillates about ijoint on 
volt-ampere characteristic, is possible but 
that it is unstable; tendency for arc oscil¬ 
lations to grow untQ extinction ensues is 
traced; necessity for introduction of 
thermm term in equations. 


A.J[Ar®s»«©s ctnle J 


A list of members whose mail has been 
returned by the postal authorities is 
given below, with the addresses as they 
now .appear on the Institute records. 
‘ Any member knowing of corrections to 
these addresses will kindly communicate 
them at once to the office of the Secretary 
at 33 West 39th St., New York. 

All membefs are urged to notify 
Institute Headquarters promptly of any 
changes in mailing or business address, 
thus relieving the member of needless 
annoyance and assuring prompt delivery 
of Institute maO, the accuracy of our 
mailing records, and the elimination of 
Unnecessary expense, for postage and 
olOTCalwork: 

Bates, Putnam A., 117 W. 72hd St., 
New York, N. Y. 

Cromwell, R. O., 1814 Harris Trust Bldg., 
Chicago, ni. 

Dawson, Leonard L., 98 Looker Ave., 
Sprin^eld, N. J. ; 

Fielding, Geo. T., General Cable Corp., 
Graybar Bldg., New York, N. Y. 

Ifursh, G. E., 346 Lenox Road, Brooklyn, 

. ■ N. T. •. 

lieb, Adolp]^ W., N, Y. Edison Co., 393 
Sevtoth Av&, New York, N. Y. 


BATTERIES 

Storage. _ Characteristios of Secon¬ 
dary-Batteries Under Reduced Atmos¬ 
pheric Pressure, S. Makio. Electrotech* 
ISoc* Waseda — Jl* (Tokyo)^ vol. 11, no. 
10, Oct. 1930, pp. 359-^64, 6 figs. Result 
of investigation, contrary to Dolezaleok's 
conclusion, shows that capacity of accu¬ 
mulator is increased under reduced pres¬ 
sure and that this increased capacity is 
maintained for a while, even after aoou- 
mulajtor is brought out in ordinary atmos¬ 
pheric pressure, and then, gradually 
retu^ to its normal value in atmos¬ 
pheric pressure with repeated charges and 
discharges. (In Englim.) 

BOULDER DAM PROJECT 

The Boulder Canyon Project. Eng. 
and Coniracting, vol. 69, no. 11, Nov. 
1930, p. 398. Construction features of 
3165,000,000 dam and reservoir, irriga¬ 
tion canal, and power development by 
U. S. Bureau of Reclamation; Hoover dam 
will be about 727 ft. above foundation 
rock; power plant capacity will be 
1,000,0TO or 1,^0,000 hp.; All-American 
canal will be 75 mi. long, and Coachella 
branch will be 116 mi. long; new town 
will be located about 6 mi. due west of 
dam site. 

GABLES 

High-Tension—Joints. Super-Ten¬ 
sion Cable Jointing, J. Riedl and R. S. 
Dawson. Elec. Engr* of Australia and 
New Zealand (Melbourne), vol. 7, no. 6, 
Sept. 15, 1930, pp. 206-208, 7 figs. 
Method adopted by Australian Siemens 
Concern in jointing 33-kv. cable for 
Municipal Council of Sydney. 

Underground. 1920-1930 Report 
UndeiOTound Systems Committee. Nat. 
Elec. Light Assn .—Reports of Committees, 


for mtg. Sept. 25-27,1930, 67 pp., 20 figs. 
R4sum5 of outstanding accomplishments 
of Committee for administrative year to¬ 
gether with recommendations for future 
stu(ty; complete papers on Underground 
or Cable Distribution Systems in Out- 
Wing Territory, Requirements of Good 
Cable Training, Preparation of Specifi¬ 
cations and Standards, Fault Localization 
in Distribution Cables, Twenty-Ampere 
Series Street Lighting Circuits, The Use^ 
of Eight-Pole Potheads for Multiplying 
100-Ampere Primary-Feeder Cables, etc. 

CAPACITORS 

The Application and Performance of 
Series Capacitors, M. I. Alimansky. 
Gen. Elec. Rev., vol. 33, no. 11, Nov. 
1930, pp. 616-625, 17 figs. iSinction of 
capacitors; comparison with other regu¬ 
lative equipment; applications for hue 
regulation, for division of load in loop 
circuits, protection of equipment, analysis 
of capacitor installation; ^ticle is fol¬ 
lowed by report of sub-committee on 
series capacitors for voltage regulation in 
which table is shown of hue (frop in per 
cent of receiver voltage when all reactance 
is neutralized by series of capacitors; also 
chart useful in transmission-une dedgn. 

CIRCUIT BREAKERS 

Oil. New Departure in Oil Swksoh 
Fuse Design, Elec. Times (Lond.), vol, 
78, no. 2036, Oot. 30, 1930, pp. 751-752, 

3 figs. Rotary switch action applied to 
oil switches secures important advantages 
and safety of operators. 

COMMUTATORS 

Electric. Phenomena Connected With 
the Collection of Current IVom Commu¬ 
tators and Slip-Rings, H. G. Taylor. 
Insin. Elec. Engrs .—JL (Lond.), vol. 
68, no. 406, Oot. 1930, pp. 1366-1363, 
16 figs. Experimental investigation of, 
copper picking, followed by critical sur¬ 
vey of existing data, leading to explana¬ 
tion to account for this depositmn of 
metal, and investigation into mechanism 
of passage of current from sUp ring or 
commutator to brush; vari^ion of con¬ 
tact voltage drop with speed, brush pres¬ 
sure and current is shown. Bibliography. 

CONDENSERS 

Induction Motor. The Use of Con¬ 
densers for Operating Single-Phase In¬ 
duction Motors. Elec. News (Toronto), 
vol. 39, no. 12, Nov. 1, 1930, pp. 60-61, 

5 figs.^ Use of condensers for generating 
artificial rotary field; starting of electric 
motors for domestic use; systems and 
connections are shown. 

Static. Static Condensers as Phase 
Compensators (Statisohe Kondensatoren 
als PhasGnkompenqp,toren), .A, Ixuhof. 
Schweiz. Electroteehniscker Verein (Asso^ 
daiion Suisse des Wsoiridens) — Bui. 
(Zurich), vol. 21, no. 20, Oct. 22, 1930, 
pp. 653-666, 12 figs. Construcuion of 
condensers for reactive power compensa¬ 
tion, economic limits; numerical example 
in which is shown how power-factor 
improvement can lead to savings in power 
cost;, economic advantages of static 
condensers over rotating equipment; 
space requirements; accessories. 
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CORONA 

Loss Measurements. The 
ment of Corona Losses, F. M. Denton. 
(?en. Elec. Rev., voL 33, no. 11, Nov. 1930, 
p. 615, 2 figs. CurrentaneasTirements on 
line were taken with one line founded; 
combination with stroboscopio measure¬ 
ments; in addition to measurements such 
as usually are made on low voltage side 
of transformer supplying power to line. 

EDUCATION 

Engineering. Present Trends in 
Engineering Education, H. Tucker. 
Eng. News-^Rec., vol. 106, no. 21, Nov. 
20, 1930, pp. 806-807. Colleges and 
universities foster multiplication of types 
of engineers by providing many special 
vocational courses; vocational aim in 
engii^ering education; branches of engi¬ 
neering included in curricula of 71 
schools; lack of uniformity; five main 
mvisiojgs of engineering; modern lan¬ 
guages in curricula; broader engineering 
classifications needed. 

ELECTRIFICATION 

Coal Mines. Modernizing a Laigo 
Western Coal Mine with Electricity, R. S. 
Trowsdale. Elec. News (Toronto), vol. 
39, no. 21, Nov. 1, 1930, pp. 47-49, 5 figs. 
Crow’s Nest Pass Coal Co. in British 
Columbia, was operated entirely by steam 
power; in 1928 it was decided to purchase 
number of large air compressors, and 
question of economical purchase of power 
came^up for consideration; power supply 
is from East Kootenay Power Co.; 
suitable substation provided by power 
company adjoining compressor station; 
primary current at 66,000 volts is trans¬ 
formed to 2300 volts for 600 and 400 hp. 
3-phas0 2300-volt motors. 

Copper Mines. Electrification of the 
Utah Copper Mine, R. Corfield. Om. 
Elec. Rev., vol. 33, no. 11, Nov. 1930, 
p^. 600-607, 14 figs. Reasons why elec¬ 
tric shovels and locomotives are used in 
one of largest mining undertakings in 
world; comparative shovel costs and 
comparative shovel characteristics; power 
input graphs for d-c. and a-c. dfciovels; 
electric locomotives; overhead line con¬ 
struction; locomotive data; control room; 
power transmission; specifications of forms 
of electric locomotives and shovels. 

ELECTRIC DRIVE 

Iron an3 Steel Plants. A Compari¬ 
son of Alternating-Current and Direct- 
Current Motors for Auxiliary Drives, G. 
Pox. Iron and Steel Engr.^ vol. 7, no. 
10, Oct. 1^30, pfg 506-^11, 7 figs. In 
planning for expansion of steel induslsry 
of U.S.S.R., German consultants, refect¬ 
ing prevailing German practice recom¬ 
mended use of Sr-c. auxiliary motors while 
Americans recommended 230 volt d-c, 
motors for services of intermittent 
character where mill-type motors are 
applicable; as this is question wherein 
experience and judgment are of greater 
importance than tneoretical considera¬ 
tions, writer addressed questionnaire 
to 20 members of A.I.S.E.E. soliciting 
opinions and comment; analysis of 
questionnaire. 

Paper Machinery. Modern Stands- 
ards in Sectional Paper Machine Drive, 
R. R. Stoltz. Paper Trade Jl., vol. 91, 
no. 15, Got. 9, 1930, pp. 49-51, 7 figs. 
Automatic speed regulation by fidd 
control, moderate-speed geared motor, 
automatic starting and speed control 
equipment concentoated in single control 


board, generator system of starting, inch¬ 
ing and slow speed operation, carbon pile 
voltage regulators individual drive of 
C34inder moulds and presses on wet end 
of board machines, carbon pile sectional 
speed regulator. 

Str^ Mills. Synchronous Motors 
for 3\dain-Roll Drive, H. W. Harper. 
Elec. Jl., vol. 27, no. 11, Nov. 1930, pp. 
657-669, 4 figs. With increasing amount 
of attention now given to power-factor 
conditions, and notable improvements 
made in desi^ of synchronous motors, 
this type of drive merits serious considera¬ 
tion for almost any large or reasonably 
large constant-speed application. 

FURNACES. 

Electric Furnaces, V. 0. Cutts. Elec. 
Rev. (Lond.), vol. 107, no. 2760, Oct. 17, 
1930, pp. 617-619, 6 figs. Application to 
industrial heating, with specif reference 
to resistance type; notes on growing 
application; continuous-type furnaces; 
precision in heat treatment; bright 
annealing; vitroiis enameling; high- 
temperatme furnaces; economic consid¬ 
erations ; ideal electrical load. 

Melting Cast Iron. Using Off-Peak 
Power for Melting Gray Iron, W. R. 
Jennings. Metals and Alloys, vol. 1, 
no. 17, Nov. 1930, pp. 814-815. 1 fig. 
Experiences of Baker-Perldns Co. of 
Saginaw, in operating rocking t 3 T)e 
electric furnace on cold stock melting of 
gray iron; charts illustrate how demand 
was reduced from 960 kv-a. to 640 kv-a., 
difference of 320 kva. which represents 
saving in demand charge of #6500.00 per 
yr.; using 690 kw-hr. per heat, cost of 
electrical energy per pound is 0.00295 
cent. 

Heat Treating. High-Speed Steel 
Treated in a Special Bleotrio Furnace, 
E. N. Brookings. Iron Age, vol. 126, 
no. 19, Nov. 6, 1930, pp. 1296-1298, and 
1360, 2 figs. Details of construction and 
operation of electric hardening furnace 
at plant of Jones and Lamson Machine 
Co., Springfield, Vt. for treating threading 
chasers for automatic dies, taps, lathe 
tools, and miscellaneous parts. 

FUSES. 

Rupturing Characteristics of High- 
Tension Puses. Elec. World, vol. 96, 
no. 19, Nov. 8, 1930, pp. 870-871, 4 figs. 
Testa conducted for several years by 
Alabama Power System at short-circuit 
laboratory constructed for purpose at 
Bessemer substation; data indicate satis¬ 
factory operation at currents up to pealc 
value of over 8500 amperes at 44 lev. 
and nearly 2000 amperes at 110 kv. 

Re-Fusing Switches. Pole-Top Re- 
Fusing Made Easier, C. L. Lawrie. 
Elec. West, vol. 65, no. 5, Nov. 1, 1930, 
p. 233, 2 figs. To provide quicker and 
safer method of re-fusing poletop line 
switches on its 12-kv. distribution lines 
without resorting to use of hot-line tools 
and without kilfing line, new switching 
arrangement has been developed by San 
Diego Consolidated Gas & Electric Co.; 
system is detailed. 

HEATERS 

Water. Economic Advantages of Off- 
Peak Water Heating, L, L. Eden. Elec. 
World, vol. 96, no. 19, Nov. 8, 1930, pp. 
863-869, 6 figs. Typical winter and 
summer loads showing availability of 
off-peak power: favorable characteristics 
of off-peak load; comparative cost of on 
and on-^peak water heating; typical load 


curves of oily and suburban a-c. sub¬ 
station for December and June; per¬ 
formance of water heaters at various 
hours and rates of water usage | compara¬ 
tive cost of fuels for water heating. 

HEATING 

Domestic. Off-Peak System of Elec¬ 
tric Heating for Buildings, E. Harrington. 
Heat., Piping and Air Conditioning, vol. 
2, no. 11, Nov. 1930, pp. 963-967, 6 figs? 
Operating cost of electric heating depends 
upon number of variables, among which 
are power rate and characteristics of 
building to be heated; table illustrates 
energy used for electrically heating 18 
houses. Fort Wayne, Ind.; list of 
advantages of electric heating; domestic 
water heating. 

HYDRAULIC MACHINERY 

Cavitation. Experimental and Theo¬ 
retical Investigations of Cavitation in 
Water [Experimentelle und theoretisohe 
Untersuehungen ueber Hohlraumbildung 
(Kavitation) in Wasser], J. Ackeret. 
V. D. 1. Zeii. (Berlin), vol. 74, no. 9, 
Mar. 1, 1930, p. 264. Investigation of 
simple types of flow, such as those round 
blades, through channels, and past 
spheres, has been done at Goettingen; 
it was found that many apparently 
widely different types of cavitation are 
of quite common characteristics; investi¬ 
gations show that at core of bubbles 
aboek pressure is sufficient to cause 
observed breakdown of material. 


HYDROELECTRIC POWER PLANTS 
Report of Hydraulic Power Committee 
(Eng. Sec.) presented at 23rd annual 
mtg. of Pa. Elec. Assn. (Eastern Geo¬ 
graphic Div. N.B.L.A.), Bedford Springs, 
Pa., numerous figs, and tables. Minutes 
of meetings; manufacturers’ statements 
as to volume and equipment of hydro¬ 
electric installations; during past 12 
months orders were placed for Smith 
turbines developing more than 591,000 
h.p., including 81,900 h.p. in propeller 
type units; Flow Measurement and 
Forecasting at Holtwood, H. W. Lowy. 
Output Standards for Hydraulic Units, 
0. W. Watchom; Keeping Daily Record 
of Capacity of Hydro Units, R. D. 
Shaub; Distribution of Runoff and'> 
Rainfall in Susquehanna Valley, C. F. 
Merriam and E. S. Loane; Seiches in 
Conowin^ Pond, R. Taylor and R. E. 
Turner; Progress in Remodeling York 
Haven Hydro-Electric Station*, A. W. 
Reid; list of dam failures. 


Ice ControL Ice-Trouble Remedies 
in Hydro-Electric Plants, C. R. Reid. 
Power, vol. 72, n3. 19, Nov. 4, 1930, gp, 
728-730, 7 figs. How to keep sluice 
gates, flashboards, rack bars, headgates, 
penstocks, surge tanks and waterwheels 
in operating condition in cold climates; 
use of steam, hot water and eleotiio 
•heating, compressed air, and electric 
lights are included in suggested methods. 


INSULATORS 

Testing. ’Field Testing of Insulators 
off Overhead Lines, D. Harvey. Distrir 
huiion of Ehctriciiy (Lond.), vol. 17, 
no. 2, Oct. 1929, pp. 223-225, 3 figs. 
Mechanical faults are particularly notice¬ 
able among ‘’cap and pin” type of 
suspension insulator; “Hewlett” type of 
insulator, in which hardware is interlocked 
so that porcelain is in compression, 
appears to give slightly better service 
than “cap and pin’^ type|; string type 
insulators for excellent Results; authors 
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eTOerience with string type insulators in 
88 kv. line. Extracts from lecture 
recently delivered to Inst, of Engrs. in 
Tasmania. (To be concluded.) 

INTERCONNECTION 

Industrial Power Plants. Engi¬ 
neering Aspects of Interchange of Power 
With piQ Industrial Plants, B. F. Wood. 
Am, Soc, Meek. Sngrs.—Advance Paver, 
-^o. 67, for mtg. Deo. 1-6, 1930, 5 pp. 
Establishment of means and facilities for 
utilizing massed resources to serve power 
requirements of individual industries; 
economical operations can be effected and 
overhead costs greatly reduced in great 
many eases where public utility or other 
ste^-generatiug or hydro power plants 
find it possible to hook up with large 
mdustidal operations; advent of high 
steam pressures has largely increased 
these possibilities. 

LAMPS 

Gas-Filled. Electric Lighting by 
Gaseous Discharge Tubes, C. C. Paterson. 
Engineering (JLond,), vol. 130, no. 3381, 
Oct., 31, 1930, p. 660. Abstract of 
portion of presidential address before 
Institution of Electrical Engineers, deal- 
1^ with gaseous discharge tubes; al¬ 
though so much work has been done on 
hot cathode tube, many interesting 
developments of original cold cathode 
tubes are taldng place; under certain 
conditions, which are only just beginning 
to be understood discharge instead of 
fiUing whole tube, as is normally the 
case IS concentrated into narrow cord 
only one-fifth of diameter of tube. 

Glow. Duration of Emission Phe¬ 
nomena in Glow Lamps (Ueber die 
ZeiMauer der Emissionserscheinungen 
bm Glimmlampen), H. Peters. Pemseken 
7, July 1930, pp. 
306-310, 2 figs. Quality of picture m 
television greatly depends on design of 
glow lamp; investigation of inertia 
phenomena in this device allows for 
making conclusions which are of impor¬ 
tance in instruction. 

Street—-Reactors. Investigation of 
Choke Coils for Parallel Connection to 
Incandescent Lramps in series for Keeping 
up of Operation in Case of Burn-out of 
Lamps (Untersuchung ueber Drossel- 
spulen zur Pa^elschaltung mit Glueh- 
lampen, die in Serie geschaltet sind, 
zm Aufrechthaltung des Betriebes bei 
Durchbreimen einer oder mehrerer 
Lampeu), I. Ehrenstein. Elektrotechnik 
und Maackinenhau (Vienna), vol. 48, 
Oct. 6, 1930, ppr 913-916, 5 figs. 
Performance, oharaoteristics and design 
data for restive coils diooked in parallel 
to lamps in series street lightmg for 
emeJrgency in case of lamp bum-out. 

LIGHTING 

; I^ht and Its Bslation 

to Outeiit,H.C. Wheat. Maehy. (Lond.), 
wl. 37, no. 942, Oot. 30r 1930, p. 136. 
Relative advantages of various lighting 
alrangements; good artificial lighting 
promotes safety, increased production, 
reduces errors and improves morale^ of 
employees; proper use of various types of 
reflectors; data on light intensities in 
marine shop. Abstract of paper read 
before Rugby Eng, Soo. 

LIGHTNING ARRESTERS 
J^htning Arrester Practise in Southern 
Califorma, E. R. Stauffacher. Elec, 
Wesf, vox. 66. no. 5, Nov. 1930, pp. 230- 
^1, o figs. Instead of following older 


practise of installing one set of lightning 
arresters upon each of lines entenng'and 
leaving substation, Southern California 
Edison Co., Ltd., is now follovdng 
simplified practise of installing lightning 
arresters only on transformer banks; 
details of system are given. 

MEASUREMENT 

Stresses. Use of Telemeters for 
Measurement of Stresses in Structures 
(Die Verwendung von Telemetern zu 
Spannungsmessungen au Bauwerken), F. 
Treiber. Bauingenieur (Berlin), vol. 11 
no. 37, Sept. 12,1930, pp. 633-636,14 figs. 
Description of instrument developed by 
U. S. Bureau of Standards and report 
on German tests of tins instrument by 
Prpbst, at Karlsruhe Institute of Tech- 
nology. 

Electric. Metering Combined Power 
aud Lighting Loads, H. W. King. BUc, 
World, vol. 96, no. 17, Oct. 25, 1930, pp. 
774-776,11 figs. Condition, varying from 
large power load with small lighting load 
to large lighting losbd with small power 
load, with or without demand with 
diversity factor included, defeat adoption 
of one uniform metering scheme for all 
cases; it is illustrated how some of these 
conditions may be met and to point out 
advantages or disadvantages of various 
combinations which may be used. 

Reactive Power. Reactive Kv-a. 
Metenng, E. C. Goodale. Elec. West, 
vol. 6^ no. 5, Nov. 1, 1930, p. 232, 2 
figs. ^ Cross-phase connections provide 
required phase relations for reactive kv-a. 
metenng on two-phase circuit. (Con- 
tmuation of serial.) 

MOTORS 

Torflue. Torque Characteristics of 
Electric Motors, w. T, Burdick. Power 
Transmission, vol. 37, no. 3, Sept. 1930, 
pp. 16-17. Common types of direct 
and alternating-current motors; starting 
torque, full-load running torque, and 
ma^um torque; table of characteristics 
and typical applications of motors, 

- Speed. Multispeed Motors 

for a Multitude of Uses, R. H. Rogers. 

22, Nov. 

1930, pp. 1289-1292, 5 figs. Two, 
three and four-speed, speeds available! 
speed control, and examples of appli¬ 
cations. 

NETWORKS 

Design. Municipalities Gain from 
Network Distribution, A. Hussey. Elec, 

26, 1930, 

pp. 770-772, 8 figs. Under present 
system it is possible to transmit as muob 
povrer as under old d-e. system in duet 
space reduced in ratio of 51 to 1; this 
n^ been made possible by development 
of cable capable of operating at 27,000 
vo^ with nign degree of dependability, 
and of automatic protective devices to 
clear cable or other device in event of 
failures; as direct result of decreased duct 
sp^e and increased capacities, number 
of hue manholes and dimensions of these 
manholes have been reduced. 


required exact values of ^rst mentioned; 
it is investigated ^ whether cathode-ray 
oscillograph is suitable equipment for 
this purpose. 


OSCILLOGRAPHS 
Cathode Raj. Cathode-Ray Osoillo- 
firoph as Precision Measuring Equipment 
(Der Kathodenoszillqgraph als Praezi- 
sionsmessgeraet), H. Viehmann. Archiv 
fuer Elektrotechnik (Berlin), vol. 24, no. 3 
Sept. 27, 1930, pp. 349-352, 6 figs. 
Determination of overvoltage and spark- 
delay time in puncture testing of air 
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photoelectric CELLS 

Photo-electric Cells, T. T. Baker. 
Elec, Rev, (Lond,), ^yo\, 107, no. 2762, 
pot. 31, 1930, pp. 722-723, 6 figs. Some 
industrial appheations; effect of voltage 
on output for vacuum cell and gasfilled 
cell; effect^ of gas-pressure on output; 
photoeleetrio cell circuits. (To be con¬ 
cluded). 

POWER SUPPLY 

Rural. The National Rural Electric 
the A^cultural Problem, 
G. W. Kable. Baltimore Engr., vol. 6 
no. 7, Oct. 1930, pp. 4-8 and 24, 7 figs.' 
Aim ^ of project is to improve nving 
conditions and income on American farms, < 
to lessen fatigue and to increase leisifre 
time of farm homemakers, and to 
ascertain truth concerning economic use 
of electricity ou farm; work consists of 
practical demonstration of possible uses 
of electricity on farms, together with 
investigation and research in application 
of electricity to agriculture. 

Present Status of Research in Rural 
Electrification, G. W. Kable. NaL Elec, 
UgU Assn.--Bul,, vol. 17, no. 11, Nov. 
1930, pp. 693^95, 1 fig. Electrification 
or agriculture is not problem in motorizing 
of industry; farming bristles with 
problems in chemistry, physics, biology, 
bacteriology, economics and sooioldgy, all 
of which may be influenced to degree 
through application of electricity. 

PUBLIC UTILITIES 
I'fjSlslatioii. Some Influences on 
Pubho Utility Legislation, A. F. Tegen. 
Nat, Elec, Light Assn, — Bvd,, vol. 17, 
no. 11, Nov. 1930, pp. 682-685, 8 figs. 
Net e^nin^ of electric utilities are not 
excessive men considered in relation to 
other businesses; if this industry is to 
m^tain its position with respect to its 
ability to obtain money for improvements, 
conditions under which it is operating 
should not be disturbed; analysis of 
municip^ and private utility operation in' 
Wisconsin reveal that whereas municipal 
utilities started with more revenue per 
kw-hr. they ended with less. 

RADIO • 

Screen Grid Amplifiers, implication 
of Screen Grid Tubes to Audio Frequency 
Amplifiers, J. J. Glauber. Radio Eng,, 
ypl. 10, no. 2, Feb. 1930, pp-. 29-32 and 
(discussion) 32-33, 10 figs. Construction 
of proper cheuits suitable to clwiraoter- 
istios of t 3 rpieal screen-grid tube. Paper 
presented before Radio Qub of America. 

Communication Aerial. Radio for 
^oraft. West. Flyirtg, vol. 8, no. 6, 
Nov. 1930, pp. 4041, 1 fig. Review of 
recent process with particular regard 
to new Department of Commerce 
regifiations governing aircraft radio 
equipment; effective Dec. 31; advantages 
of two-way radio phone communication. 
Ultra Short Wave. Practical Experi¬ 
ments in Ultr a-Sh ort Wave Communica- 
^n, C. C. Whitehead, Experimental 
W%reless (Land.), vol. 7, no. 86, Nov. 1930, 
pp. 612-620, 11 figs. Range tests and 
propagation; screening of envelopes of 
valves, asymmetry of circuit; estimation 
of transmitter efficiency, effect of time 
of transit of electrons constituting 
space-current, constructional details of 
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transmitter and constructional details 
of receiver, n.re given in appendix. 
Bibliography. (Concluded.) • 
Developments in Ultra-High Frequency 
Generation, C. W. Loeber. Electronica, 
vol. 1, no. 8, Nov. 1930, p. 376, 2 figs. 
B^khausen-Kurz effect was produced 
with triode with strong positive voltage 
on grid; voltages determined frequency; 
wavelength was measured by moving 
crystal detector alon^ Lecher wires; Gill 
and Morrell’s oscillating circuit in which 
frequency could be varied by telescoping 
tubes. 

RAILROADS 

^tion—United States, 
N.E.L.A. Electrification Report. Ry. 
Age, vol. 89, no. 19, Nov. 8, 1930, pp. 
■»974-979, 6 figs. Study of installations 
on western railroads has developed much 
useful information concerning operation 
a^d maintenance. 

Operation. Scheduled Speed 
Increased by Electrification. Elec. Ry. 
Jl., vol. 74, no. 12, Nov. 1930, pp, 683-684, 

2 figs. Rapid acceleration and braking 
rates pf new electido trains have enabled 
Lackawanna Railroad to reduce running 
time by approximately 25 per cent 
between Hoboken and stations in subur¬ 
ban zone; free running speed also liigher 
than that of steam trains fonnerly 
operated. 

Substations. TheDesignand 
Operation of the Windsor, Essex and 
Lake Shore Railway Automatic Sub- 
statiojss, H. V. Armstrong. Elec. Newa 
(TorowZo), vol. 39, no. 21, Nov. 1, 1930, 
pp. 31<^4, 5 figs. Diagram of automatic 
switching equipment for synchronous 
converters in railway service; sequence of 
operation; 26.4 kv. switching equipment 
of notes on operation of 36 mi. line 
connecting Windsor to Leamington and 
running through MaMstone, Essex, 
Cottam, Ruthven and Kingsville, serving 
county of Essex. 

Terminal Electrification. Overhead 
System of Cleveland Terminal Bleotrifi- 
cation, L. W. Birch. Elec. Traction, 
vol. 26, no. 10, Oct. 1930. pp. 535-637, 

3 ^s. Review of electnfied terminal 
•stations; 3000 volts d-c. decided upon; 

insulation details of overhead. 

REACTORS 

Design. Current-Limiting Reactors, 
A. H. V. • Altmann. A EG Progress 
(Berlin), v*ol. 6, no. 11, Nov. 1930, pp. 
341-345, 7 figs. Calculation and effects 
of short-circuit currents; impedance 
calculation ^f short-circuit path; thermal 
and dynamic effdbts of short-circuit 
current; construction and installation of 
current-limiting reactors. 

RECTIFIERS 

High-Tension. Generation of High- 
Tension Direct Current from Three-Phase 
A.C. Current (Die Erzeugung von 
hoohgespahntem Gleichstrom aus Dreh- 
strom), W. Deutsch and W. Hoss. 
Elektrotechnische Zeit. (Berlin), vol. 61, 
no. 43, Oct. 23, 1939, pp. 1480-1483, 18 
figs. Construction, performance and 
application of novel mechanical high- 
tension rectifier by which it is possible 
to obtain d.c. of voltage approximately 
equal to maximum value of transformer 
voltage. 

RELAYS 

Protective. D.-C. Undervoltage Relay 
Controls A-C. Circuits, W. M. Brainard. 


Power, vol. 72, no. 19, Nov. 4, 1930, pp. 
725-727, 6 figs. Inductor-type d-c. time- 
delay undervoltage release has been 
dejreloped that is applied through copper- 
oxide rectifier to protect a-c. equipment 
against voltage failures; applications dia¬ 
grams of inductor-type time-delay device. 

TELEVISION 

History. Historical Development of 
Television (Die Geschichtliclie Entwick- 
lung des Pernsehens), W. Priedel. 
Fernsehen (Berlin), vol. 1, no. 1, Jan. 
1930, pp. 1^17, 5 figs. General notes on 
development from 1875 to present. 

Life Size. Life Size Television on the 
Screen (Fernsehen in Lebensgroesse auf 
der Leinwand), A. Neuburger. Fernsehen 
(Berlin), vol. 1, no. 10, Oct. 1930, pp. 
460-463, 3 figs. Suocessrul. transmission 
by Dr. Alexanderson pf picture and voice 
of living persons and actors over distance 
of some miles on 10 by 11 ft. screen in 
2600 persons theater in Schenectady; 
equipment is illustrated. 

TRANSMISSION LINES 

Construction. The Stringing and 
Sagging of Overhead Line Conductors, 
H. W. Settle. Elec. Engr. of Australia 
andNewZealand (Melbourne), pp. 209-213, 
5 figs. Ihractical metliods for overhead 
transmission linos and of tensioning them 
to correct sag, particularly in rough 
country; severM methods of sagging are 
given, some involving use of theodolite; 
wave method, in which sag is determined 
from speed of travel along wire of 
meohanically produced wave. 

Gounding. Further consideration is 
Needed on Grounds and Ground Testing, 
W.B. Buchanan. Elec. Canada (Toronto), 
vol, 2, no. 9, Sept. 1930, pp. 22-^ and 
34, 1 fig. Subject is outlined so that 
various views presented may appear in 
proper relation to entire subject and less 
contradictory to one another than they 
occasionally have done. 

Protection. Summation Transformer 
Gives Overourrent Protection, R. E. 
Cordray. Elec. World, vol. 96, no. 19, 
Nov. 8, 1930, p. 872, 2 figs. To raise 
ampere setting of overourrent relays 
automatically on two parallel lines when 
one of lines is temporarily out of service 
for any reason. New England Power Co. 
adopted novel arrangement by bridging 
autQ^t?fansforiner by overourrent relay 
and connecting midtap to common 
oonnootion of cross-connected current 
transformers. 

Theory. Transmission of High- 
Frequency Oscillating Electric Power (Die 
Portleitung hoohfrequenter elektriseher 
Schwingungsenorgie), H. O. Roosenstein. 
ZeiLfuer Hochfreguen^iechnik (Frankfort), 
vol. 36, no. 4, Oct. 1930, pp. 121-123, 17 
figs. Data of lines applied in practise; 
wave resistances, damping, numerical 
example; theory of damping measure¬ 
ments; observation of safety in measure¬ 
ments, etc.; asymmetry of two wire lines; 
experiments, removal of line asymmetry. 

TRANSMISSION LINES, HIGH 
TENSION 

D sign. Transmission Tower Design 
for Maximum Lightning Protection, 
Fortescue. Elec. Jl., vol. 27, no. 11, 
Nov. 1930, pp. 640-644, 8 figs. Calculated 
results for tower of horizont^ construction 
with transmission lines 76 ft. above 
surf^e of earth and ground wires in 
vertical plane 26 ft. above line wires is 


given; from curves can be determined 
necessary length of insulator string to 
withstand surge potential due to lightning 
stroke on ground wire or value to which 
tower-footing surge impedance must be 
reduced in order to prevent flaahover of 
given length of string. 

Protection. Protection from Surges, 
E. T. Norris. Elecn. (Lond.), vol. 105, 
no. 2734, Oct. 24, 1930, pp. 496-497, 3 
figa. Safeguarding of apparatus agains? 
lightning and other surges; discharge 
arresters giving place to siirge absorbers. 

Theory and Application of Relay 
Systems, P. H. Robinson and 1. T. 
Monseth. Elec. JL, vol. 27, no. 11, 
Nov. 1930, pp. 660-668, 37 figs. Notes on 
apiiaratus protective relays; equipment 
is illustrated; characteristic curves are 
given. (Continuation of serial.) 

TRANSFORMERS 

Current. Factors in Connecting 
Secondaries of Current Transformers, 
J. Auohinoloss. South Power JL, vol. 
48, no. 11, Nov. 1930, pp. 51-53, 4 figs. 
When current transfoimer secondaries 
should be connected in series and when 
in parallel, and effect of each connection 
on division secondary burden; analysis 
of problem. 

Oil-Immersed Current Transformers, 
I. H. Sclater. Gen. Elec. Rev., vol. 33, 
no. 11, Nov. 1930, pp. 658-659, 6 figs. 
New types of oil immersed current 
transformers and described under head¬ 
ings; accuracy; connections; bushings 
tanks; by-pass protectors. 

TURBO -GENERATOR 

Rotors* Stresses in Retaining and 
Centering Rings for Turbine-Generator 
Rotors, R. Patterson and D. H. Harms. 
Am. Soc. Mech. Engrs.—Advance Paper, 
no. 42, for mtg. Dec. 1-5, 1930. 9 pp., 

8 figs. Distribution of stresses throughout 
system of parts enclosing rotor coil ends 
of turbine generator; system consists of 
disk of uniform cross-section cylinder, 
and part of shaft; summary of significant 
results. 

VACUUM TUBES 
Filaments. The Role of Barium in 
Vacuum Tubes, J. A. Becker. Electronics, 
vol. 1, n 9 . 8, Nov. 1930, pp. 390-391, 2 
figs. It is shown how ionic barium grid 
accounts for many of ob.served emission 
characteristics of coated filaments; for all 
thousands of tubes in use in BeirSystem 
total amount effective* barium is not 
more than twentieth of gram; each 
barium-coated filament requires only 
about 2.2 watts for heating as compared 
to about 35 for clean tungsten filament; 
multiplying this saving by 260,0fX) tubes 
used in Bell System gives indication of 
tremendous importance of barium tq 
vacuum tubes. 

Oscillators."* The Effect of Combined 
A.C. and D.C. Plate Supply on a Short 
Wave* Triode Oscillator, G. S. Field, 
Can. JL Research (Ottawa), voL 3, no. 4, 
Oct. 1930, pp. 287-290, 3 figs. By 
combining a.o. and d.e. on plate of triode 
oscillator, more stable and much stronger 
oscillations were obtained than with pure 
d.c.; increases in radio frequency current 
up to 2.5 times were noted; experiments 
with 2(W-oyole and 60-cycle a-o. showed 
that higher frequency gave stronger 
oscillations. 

Rectifier. Vacuum-Tube Rectifiers 
Control Motor Speed, W! R. King. 
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Power, voL 72, no. 20, Nov. 11,1930, pp. 
761-763, 6 figs. Operation of thyratron, 
mercpy-aro rectifier with grid control, 
and its application to control speed of 
d-o. motors supplied by a-c, circuits; 
diagram of single-phase, full-wave grid- 
controlled thyratron rectifier. 
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WATER POWER 

United States* Federal Relations to 
‘’Water-Power Development, P. E. Bonner. 
Am. Soc^ Mech, Bngr.—AdmTice Pamper, 
no. 8, for mtg. Dec. 1-5, 1930, 3 pp. 
Survey of part played by ^ Federal 
Government; Federal jurisdiction over 
navigable streams; purpose of Federal 
Water-Power Act; activities of Federal 
Power Commission; aggregate capacity of 
water power plants under license. 

WELDING 

Arc* Application^ of Electric Arc 
Welding to Building and Machine 
Construction, J. M. Hippie and G. D. 
Fish. Eng, and Finance, vol. 23, nos. 
4 and 6, Oct. 1930. pp. 111-112, and 
Nov., pp, 145 and 158, 8 figs. Abstract 
of paper presented before Inst. Congress 
of Steel Construction, Belgium, and 
previously indexed from Welding Engr., 
Sept. 1930. (To be continued.) 

Arc—Atomic Hydrogen. Welding 
with ^ Atomic Hydrogen Process, S. 
Martin, Jr. WMing, vol, 1, no. 13, 
Nov. 1930, pp. 907-909 and 912, 7 figs. 
Fundamental principles and electric 
eqixipment; connection diagram for 
atomie-hyorogen arc-welding equipment; 
graph illustrates tungsten eleG^ode con- 
siunption, average welding speed, and 
average welding curve for steel plates. 

Buildings, Steel. Welding a 14- 
Story Bunding, J. L. Faden. Elec, 
World, vol. 96, no. 18, Nov. 1, 1930, pp. 
824-829, 10 figs, Detdls of electee 
welding of two Boston Edison Co.’s 
buildings; nearly mile of electric welds, 
consuming 6120-kw-hr.; 1054 tons of 
steel welded; average inches of weld per 
man per hr. 47.4; operators selected to 
qu^y for this important undertaking; 
building welds specified in detafl; 
advantages of welding; summary of 
welding mspeetion reports; welding data; 
details of welded steel frames. 

Pipe,Ste 1. Electrically welded Steel 
Water Pipe, W. H, Powell. Can, Engr. 
(Toronto), vol. 69, no. 19, Nov. 1930, 
pp. 599-604, 5 figs.^ Desoriplion of 
methods used iu making and testing of 
50,000 ft. of pipe in British Columbia for 
Greater Vancouver water district’s sys¬ 
tem; butt-weld and lap-weld teste; fitting 
pipe sections; oleaiamg and dipping; 
manufacturing pipe bends; hand-weld and 
machine-weld tests; hydrostatic test; pipe 
diamet^ varied from 26 to 36 in. 

X-RAY APPARATUS 

The Development of Modern X-Ray 
Generating Apparatus, W. D. Coolicfee. 
Oen, Elec, Rev,, vol. 33, no. 11, Nov. 1930, 
pp. 608-614, 18 figs. Early type of tube 
by Roentgen; Jackson’s first tube employ¬ 
ing focused cathode rays: development 
of ductile tungsten; tungsten target; 
manufacture of photoimerograph of 
crystalline structure of tungsten before 
^d after swaging; hot-caUiode tube; 
types of tubes; heat removal from focal 
spot; 6()0,000-volt X-ray tube built in 
two sections; tubes for very high-voltage 
X-ray therapy. Abstract of lecture before 
Am. Roentgen Roy. Soc., Sept. 24,1930. 
(To be coniSnued.) 


Engineering Sogietibs Library 

29 West 39th Street, New York. N. Y. 

T^AINTAINBD as a public reference 
library of engineering and the allied 
sciences, this library is a cooperative 
activity of the national societies of civil, 
electrical, medianical, and mining engi¬ 
neers. 

Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance imy be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 

A coUection of modem technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 


NEW BOOKS AVAILABLE 
NOVEMBER 1-30, 1930 

U NLESS otherwise specified, these 
books have been presented by tite 
publishers; the Institute assumes no 
responsibility, all statements being taken 
from the preface or the text of the book. 

A. S. T. M. Tentative Standards, 
1930. By American Society for Testing 
Materials. Philadelphia, The Society, 
1930. 864 pp., illus., diagrs., tables, 

9x6 in., paper. $7.00; cloth, $8.00.- 

This new edition contains 156 specifica¬ 
tions, methods of testing, etc., that have 
not yet been adopted finally by the 
Society as standards, but are under 
consideration, and are offered for criticism. 
They cover the whole field of engmeering 
materials, there being specifications for 
various metals, cement, clay products, 
preservative coatings, road materials, 
insulating materials, coal and coke, and 
various other substances. 

Commercial A-C. Measurements. 
By G. W. Stubbings. N. Y., D. Van 
Nostrand Co., 1930. 325 pp., diagrs., 

9 X 6 in., cloth, $6.00.-^This book aims 

to occupy a position between the descrip¬ 
tive treatise and the handbook of test 
methods. The author omits details of 
the construction of instruments and con¬ 
fines descriptive matter to that necessary 
to elucidate the principles of methods, 
using the space gained for a fairly exhaus¬ 
tive presentation of the theory and 
practise of the measurement of current, 
voltage, power, energy, and power factor. 
Three-phase measurements are treated 
rather fully. A chapter is devoted to 
test-room equipment; The work is in¬ 
tended for testing engineers. 

Goethals, Genius of the Panama 
Canal; a Biography. By Joseph Bueklin 


Bishop and Farnham Bishop. N. Y. 
andLond.,Harper&Bros., 1930. 493pp., 

illus., ports., 10 X 6 in., cloth. $5.00.- 

A vivid and interesting account of General 
Goetbal’s career covers his various activi¬ 
ties at West Point, as an army engineer, 
at the head of the Panama Canal work, 
and in later life. The work is based on 
intimate acquaintance and access to many 
private sources of information, the senior 
author having been ' secretary Of the 
Isthmian Canal Commission. 

Introduction to Surface Chemistry. 
By Eric Keightley Rideal. 2hd edition. 
Cambridge, Eng., University Press; 
N. Y., Macmillan Co., 1930. 459 pp., 

diagrs., tables, 9 x 6 in., cloth. $6.00.- 

The rapid growth in the study and indus- 
tria.1 use of colloidal systems makes 
desirable an adequate understanding of 
the properties of surfaces and interfaces. 
This book aims to review our present 
knowledge of interfacial systems, in a 
volume of reasonable size. Students of 
colloids will find it a valuable introduction 
to the subject. 

BIraftwbrks-Bauten. [2nd edition]. 
Berlin, Siemens-Schuckert, pPublished by 
V. D. 1. Verlag, 1930]. 138 pp., plates, 

12 X 8 m., bound, 6. r. m.-^A volume 

of photographs and plans of a number of 
electric power plants reeentiy built by 
the Siemens-Schuckert works. The lay¬ 
out and constructioh of the buildings are 
considered, not the equipment. Brief 
data about capacity and equipment are 
given, with references to more comprehen¬ 
sive published description. 

Rbgbln FtlR Abnahmbvbrbuche an 
Wassereraftmaschinbn. 2d edition^ 
Berlin, V. D. I. Verlag, 1930. 8 pp., 

iUus., 12 X 8 in., paper. 1,50 r. m.-% 

These rules for acceptance tests of 
hydraulic turbines have been formulated 
by a joint committee of the German 
associations of engmeers and hvdraulio 
interests, with the cooperation of Austrian 
and Swiss societies. The present revision 
corresponds to the standards of the Inter¬ 
national Electrotechnical Commission. 

The Selenium (?ell; its Properties 
and Apphoations. By George P. Barnard. 
N. Y., Richard R. Smith, Inc., 1930. 
331 pp., illus., diaCTams, 10 x 6 in., cloth, 

$9.00.-^This valuable monograph aims 

to present a precise, accurate survey of 
our knowledge of the properties of 
selenium and of the applications of 
selenium cells to photopbbny, television, 
talking films and other practical uses. 
The scattered literature has been very 
thoroughly summaj^d and an esdiaustive 
bibliography is included in the book, 
which wfll be found most useful by all 
workers in this field. 

Statistik FtJR DAB Jahr 1929. By 
Vereinigung der Elektrizitatswerke, 
Dortmimd, W. Crilwell, 1930. 687 pp., 

map, 12 X 9 in., boards. 60.-r. m.- 

An elaborate statistical analysis of the 
electricity supply of Germany, with data 
also for a nuinber of power plants in 
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neighboring conntries. The data for 
eaoh plant are very complete and include 
the information usually wanted as to^ 
sources of power, size, efficiency, rates, 
methods of distribution,,equipment, etc. 

Tables Annubllbs lb Constantbs 

BT DONNfes NTTM]fiEIQirBS. TaBLB DBS 

Matibreb, V. 1-5; 1910-1922- Paris, 
Gauthie]>Villars et eie., N. Y. McGraw- 


When a national organization such as 
the American Institute of Electrical Engi¬ 
neers is established in a field just coming 
into being as it was in 1884, its progress 
over a period of a few years is often 
phenoi^enal. The men who had the initi¬ 
ative, spirit and willingness to make the 
start remain with their shoulders to the 
wheel, and their enthusiasm is contagious; 
it spreads without effort, and new mem¬ 
bers flow into the organization without 
the necessity of a membership campaign. 
And, the entire field being of small 
compass, all are familiar with its various 
phases, a common interest providing the 
incentive which keeps the wheels turning. 

Years elapse, and the organization 
grows geographically to become national, 
and oven world-wide. The electrical field 
IS now one of the most complex of its 
kind, its branches extending from most 
profound pure science through all the 
scope of applied sciences. No' longer is 
an all-embraJfting group possible nor can 
any one individual master the entire field. 
Geographical segregation and technical 
specialization have pf necessity crept in 
and are increasing with time. Groups of 
men within the big family circle now have 
interests separate and distinct from those 
of another division in the field, making 
for a tendency to break away—to form 
independent organizations, each devoted 
to its own local interests and its own 
specialty. 

To take care of thi^from the geographi¬ 
cal standpoint and counteract so far as 
' possible the disadvantage of the hundreds 
—and even thousands—of miles inter¬ 
vening between centers of activity, the ’ 
Institute in 1902 approved a plan for the 
organization of “Sections’* in these elec¬ 
trical centers; also for the grouping of 
engineering students into “Branches** in 
the universities and technical schools. 
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Hill Book Co., 1930. 382 pp., 11 x 9 in., 

cloth, $20.00-The appearance of 

this index will be welcomed by all users of 
the** Annual Tables of Constants. It 
contains analytic, alphabetic, and formula 
indexes to the material in the first five 
volumes of the tables, thus makffig it a 
simple matter to find what is wanted, and 
making the set much more useful than 
it has been. 


# 

The step resulted in an immediate rise of 
the membership curve. In 1919 further 
effort to give each member opportunity 
to play his individual part in the progress 
of the Institute, and to profit by its 
activities, was evidenced by dividing 
the country into “Districts** and with 
a vice-president for each District. Inno¬ 
vations during the following years cre¬ 
ated various coordinating committees 
within the Districts and made provision 
for the payment of certain traveling 
expenses of delegates. Thus the geo¬ 
graphical segregations o£ the organization 
knit themselves together. As for the 
specialization tendency—it, too, has con¬ 
tinued to develop, and just so far as 
conditions would warrant, effort has been 
made to provide each technical group 
with papers, sessions, and even meetings, 
devoted to its specific interests. There 
was, however, and is, a very definite 
limit to which this could be carried in 
time,' number of meetings, and finances. 
Consequently, especially with the larger 
Sections, l^k of interest became evident, 
and without almost unwarranted effort, 
good attendance at meetings was diffi¬ 
cult to obtain unless meetings included 
subjects of highly controversial interest 
or were addressed by effective speakers 
of national prominence. 

Into the picture at this point came the 
suggestion of “Groups** within the Sec¬ 
tions. Chicago and New York immedi¬ 
ately put such division into action, New 
York organizing four groups—^Power, 
Transportation, Oommunioation, and Il¬ 
lumination. So fax as possible, execution 
of plans was placed in the hands of the 
younger men, who were also expected to 
provide most of the papers for their group 
meetings. Free and open discussion at all 
meetings was encouraged and as expected, 
the younger men who had never pre¬ 


viously been heard at the larger meetings 
proved eager to prepare papers and take 
active part in the discussions. 

In presenting Group subjects, the effort 
is always to present a picture compre¬ 
hensible to those outside a particular 
field of activity, encouraging the attend¬ 
ance of other groups and broadening the 
interest. Attendance at Group meetings 
in New York has frequently equalled, 
or even exceeded, that formerly registered 
at general, monthly meetings. But as 
they appear to be entirely feasible the 
monthly meetings have continued aud 
there is a strong desire to make such 
meetings of the widest general interest. 

But what has resulted from two years 
of Group activity? Speaking from the 
New York point of view—and probably 
the same applies to Chicago—there has 
been awakened interest in Section activi¬ 
ties, In a city where there are almost 
endless counter attractions, meeting at¬ 
tendance has increased and is continxung 
to increase. Men who appeared to have 
actually passed outside Institute portals 
have not only come back, but have done 
so actively, since it is now possible to find 
here material which they were compelled 
to acquire elsewhere. The younger man 
who felt that he had no place in the 
internal workings of the Institute and 
who often queried “What do I get out of 
it?** now feels, and rightly, that he has 
a new and very real part to play. The 
New York Section activities have resulted 
in a greatly increased rate of membership, 
and have incited men already members to 
seek advancement to the higher grades, 
all of which demonstrates a healthy 
awakening of interest. 

The Group movement has apparently 
solved the tendency to divide and is per¬ 
haps the first step toward consolidation. 

♦ 

N. Y. Section Groups 
to Hold Joint Meeting 

Railroad powe^ supply hSts aroused such 
wide general interest that the New York 
Section has arranged a joint meeting of 
its Transportation and Power Groups to 
be held on the evening of January 9, 
1931. Two papers will be presented: 
Power Supply for the D, L. dfe W. Electri-^ 
fication, by it- D. Booth of Jackson & 
Moreland, and 

Some »Business Aspects of Railroad 
Power Supply, by A. E. Banham of the 
Fhblic Servic Electric & Gas Company. 
Ample time will be aUowed for discus¬ 
sion, and anyone interested is cordially 
invited to participate, even though he 
may not be affiliated with the New York 
Section. * 

The meeting will be held at 7:30 p. m. 
in Room 1, Engineering Societies Build¬ 
ing, 33 West 39th Street, NoV^York, N. Y. 
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Group Activities— 
What Do They Mean? 



Student Activities an Integral Part 
of Recent Louisville District Meeting 


As parts of the Southern District 
Meeting in Louisville, Ky,, Novem¬ 
ber 19-21, 1930, a student technical ses¬ 
sion, a conference on student activities, 
and a luncheon for counselors, chairmen, 
and other faculty members and students 
were held. 

Technical Session 

Professor D. C. Jackson, Jr,, chairman, 
Committee on Student Activities, District 
No. 4, presided at the student technical 
session on Thursday morning, which was 
opened by two brief addresses as.follows: 
Welcome for the A. l.B, E. 

Professor W. S. Bodman, Vice-Presi¬ 
dent, A. I. E. E. 

Student Technical Sessions 
H. H. Henline, Assistant National 
Secretary, A, I* E. E, 

Mr. Jackson announced that first, 
second, and third prizes of $25, $15, and 
$10, respectively, would be awarded by 
the three judges, Vice-President Rodman, 
and Messrs. P. M. Craft of Atlanta, and 
F. H, Miller of Louisville, at the conclu¬ 
sion of the following program presented 
by students: 

The Ramaiice of Television 
L. C. Vipond, North Carolina State 
College of A. & E. 

George Westinghouse—A Brief Review of 
His Life and Career 

J. M. Leigh, Mississippi A. & M. 
College 

Theory and Operation of Deion Grid** Oil 
Circuit Breakers 

Herbert L. Stokes, University of South 
Carolina 

Cooperative Education 
John C, Lips, University of Louisville 
Student Branch Activities 
Bussell Banson, Duke University 
DucfrXdne. and Manhole Construction for 
Underground DisdrihiUion Systems 
P. C. Stoll, Georgia School of Tech¬ 
nology 

An Engineer's Gift to the Invalid 
T. C. Brown, University of Kentucky 
Lighining Study on Mcf/tin Dam-Leeds 
11 O^kv. Transmission Lines 
J. C. Evans and H. B. Hendrit, Uni¬ 
versity of Alabama (Presented by 
Mr. Evans) 

Luncheon 

The University of Louisville gave a 
Rihcheon on Thursday for all counselors, 
Branch chairmen, and other faculty mem¬ 
bers and students attending the District 
Meeting. Professor S. T. Fife, Head of 
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the Electrical and Mechanical Engineer¬ 
ing Dept., presided, and Dean B. M. 
Brigman gave the address of welcome. 

In a most interesting and inspiring 
address, W. S. Lee, president of the 
A. I. E. E., discussed the great importance 
of the development of young engineers 
through the most beneficial kinds of 
education and practical experience. He 
then explained in detail some aspects of 
large engineering construction projects 
with which he has been connected. 

Vice-president Bodman announced the 
awards for the presentation of student 
papers at the morniug session, and pre¬ 
sented prizes as follows: 

First: $26, P. C. Stoll, Georgia School 
of Technology 

Second: $16, J. G. Lips, University of 
Louisville 

Third: $10, H. L. Stokes, University of 
South Carolina 


Conference on Student Activities 

Professor D- C. Jackson, Jr,, chairman 
of the District Committee on Student 
Activities, presided at the Conference on 
Student Activities held Thursday after¬ 
noon. As District counselor delegate 
to the Summer Convention at Toronto, 
he reported upon the recommendations 
adopted at the Conference of Officers, 
Delegates, and Members. He called 
attention to the parts of the 1930 report 
on Section and Branch Activities which 
are of particular interest to Branch 
officers. 

The University of Florida was chosen as 
the location of the District Conference on 
Student Activities in 1931,^and the con¬ 
sensus of opinion was that it should be 
held in the Pall Semester, 

Professor Joseph Weil, counselor of the 
University of Florida Branch, was elected 
chairman of the District Committee’ on 
Student Activities, to take office im¬ 
mediately, and also counselor delegate to 
the Summer Convention in Asheville in 
June 1931. 

Some of the other topics discussed are 
given below; 

Most effective types of programs. 

Improvement of attendance at Branch 
meetings. 

Advisability of electric shows by 
students. 

Training next year’s officers of Student 
Branches. 

Requirement of personal presentation 
of papers at Student Technical 
Sessions. 


Aid from the A. I. E# E. in financing 
^research work by students. 

Financing the office expenses of the 
chairinan of Student Activities Com- 
mitTiee. 

A vote of thanks was extended to Pro¬ 
fessor Jackson for his admirable work as 
chairman of the District Committee on 
Student Activities. 


F«i ur^ 

Section l^eetingas 


Cleveland 

January 22, 1931— Future Power 
Development and Distribution in 
THE Cleveland Metropolitan Area, 
by H. L. Wallau, Chief Electrical Engi¬ 
neer, Cleveland Electric Illuminating Co. 

February 19,1931— Recent Progresi^ 
IN Communication Tbchwoloqt. 
Speaker from the Bell Telephone Labora¬ 
tories, Inc., to be announced later. 

Detroit-Ann Arbor 

January 20, 1931— ^Underground 

Cables, by G. B. McCabe, Detroit 
Edison Co., and L, F. Hickernell, Allied 
Engineers, Inc. Meeting at Detroit 
Edison Auditorium. 

February 17, 1931— ^Detroit Toll 
Board, by E. C. Baloh, Michigan Bell 
Telephone Co. Meeting at Michigan 
BeU Telephone Auditorium. 

Niagara Frontier 

January 16, 1931—Dean Kimball, 
Cornell University, will speak on Indus¬ 
trial Economics or similar subject. 

February 16, 1931— -Air Circuit 

Breakers, by Mr, Qumc^p, I, T. E. 
Company. 

Seattle 

January 20, 1931—Meeting on Com¬ 
munication Engineering by an engineer 
from the headquarters staff of the Bell 
Telephone Co. 

February 17, 1931— Operating Prob¬ 
lems OF Trunk Line Electrification, 
by J. Hawe, Electrical. Engineer, Great 
Northern Railway. 

Spokane . 

January 23i 1931— ^Predetermination 
of Transient Stability, by H. V. 
Carpenter, Dean, College of Mechanic 
Arts and Engineering, State College of 
Washington. 
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shown. Following the talks, there was 
considerable discussion on such subjects 
as struck sizes, maintenance costs, power 
requirements, battery life, etc. Dinner 
in honor of the speakers preceded the 
meeting. November 13. Attendance 80. 


Akron 

Inspection trip to the electrification 
and signal system of the Cleveland Union 
Terminal. Address by H, W. Pinkerton 
on the electrical and mechanical features 
of the project, illustrated with films and 
slides. November 15. Attendance 50. 

Atlanta 

Inspection trip through the Plant 
Ajkinson Steam Station of the Georgia 
Power €o. After a buffet supper, pro¬ 
vided by that Company, short talks were 
given as follows: 

Georgia Power Company in the 
Industrial Structure op the State, by 
W. E. Mitchell, Vice-President, Georgia 
Power Co.; 

Design op Plant Atkinson, by W. P. 
Hammond, Allied Engineers, Inc.; 

Plant Atkinson on the Line, by 
J. M. Oliver, Georgia Power Co. Joint 
meetiqg with the A. S. M. E„ attended 
by students from the Geoi^a School 
of Technology. November 2-1. Atten- 
dafice 325. 

Baltimore 

Enginebring and Unemployment, by 
E. C. Stone, Duquesne Light Co., and 
Vice-President District No. 2, A. I. E. E. 
Dinner in honor of the speaker preceded 
the meeting, November 21. Atten¬ 
dance 27. 

Boston 

Louisiana Power Station of the 
Louisiana Steam Products, Inc., 
by Messrs. Weterer, C. R. Stewart, 
W. L. Locke, and H. J. Klotz. All the 
speakers ai;^ affiliated with Stone & 
Webster, Inc., and each told of the prob¬ 
lems and special features of design that he 
encountered building this station in the 
record time'* of six and one-half months. 
November 18, Attendance 160. 


Cleveland 

Hioh-Voutage Phenomena, by A. 0. 
Austin, Ohio Insulator Co. Preceding 
this talk, Mr. Austin gave a series of 
demonstrations of artificial lightning, 
which he explained in some detail. 
E. L, Cove, Chief Engineer of Station 
WHK, gave a short talk on the advisa¬ 
bility of insulating radio towers. He 
explained the advantages of such insula¬ 
tion and described the tests that were 
being conducted between Station WHK 
and Station WABC. October 16. 
Attendance 191. 

The Electrical Features op the 
New Cleveland Terminal, by H. W. 
Pinkerton, Cleveland Union Terminals 
Co, Illustrated with slides and motion 
pictures. H. G. LeavoU, Cleveland Elec¬ 
trical League, demonstrated tlie various 
lighting effects winch can be obtained in 
their new auditorium, F. W. Braund, 
Chairman, gave a short resume of the 
Summer Convention at Toronto last June. 
November 20. Attendance 160. 

Connecticut 

The Electrical Industry and Elec¬ 
trical Engineering in Russia, by 
A, Dovjikov, Westinghouse Electric & 
Mfg. Co. Meeting held at Dunham 
Laboratory, Yale University. November 
11. Attendance 100. 

Denver 

Aerial Tramways, by Fred C. Car- 
starpben, Consulting Engineer, illustrated 
by lantern slides and moving pictures. 
November 21. Attendance 30. 

Detroit-Ann Arbor 
Lightning Investigations, by H. P. 
Seeyle, Detroit Edison Co., and J. R. 
Eaton, Consumers Power Co. Illus¬ 
trated with slides. Discussion followed. 
November 18. Attendance 250. 


Houston 

The Aid op the Automatic Tele¬ 
phone in Power Dispatching, by 
W. B. Hardin, Southwestern Bell Tele¬ 
phone Co. P. N. Underwood outlined 
the progress made in power transmission 
over a number of years. Pollow:|pg the 
the above talks those present visited the 
dispatching room of the above company, 
where the system was thoroughly ex¬ 
plained and demonstrated. November 
25. Attendance 30. 

Indfanapolis-Lafayette 

Moving the Indiana Bell Tele¬ 
phone Company’s Headquarters 
Building, by Vance Oathout, Indiana 
Bell Telephone Co.; 

Latest Developments in Television, 
by Professor R. H. George, Purdue 
University. Also two films presented as 
follows: ‘‘Blasting the Water Highways 
of America,” and “Hydroelectric De¬ 
velopments in the New South.” »)oint 
meeting with the Indiana Section of the 
American Radio Relay League. Dinner 
preceded the meeting. November 29. 
Attendance 105. 

Los Angeles 

F. E, Weymouth, Metropolitan Water 
District, gave an illustrated lecture 
concerning the proposed routes for the 
aqueduct through which the supply of 
water for Southern California from the 
Colorado River is to be effected. G eneral 
discussion followed. Joint meeting with 
the A. S. C. E., the A, S. M. E., and 
A. 1. M. E. November 12. Attendance 
402. 


Louisville 

Meeting held to discuss plans for the 
District Meeting at Louisville. Novem¬ 
ber 12. Attendance 40. 

Memphis 

The Electrification of Dredges, by 
0. T. Pearce, Westinghouse Elec. & 
Mfg. Co. R. H. Maxwell, of the same 
company, demonstrated fliie Grid-Glow 
Tube, Photoelectric Cell,' and accessory 
equipment. November 12. Attendance 
35. 


Cincinnati 

The Design and Characteristics of 
Induction Motors, by Mr. Carter, 
Allis Chalmers Mfg. Co. This talk in¬ 
cluded analysis of various designs and 
examples of their application in industry. 
General discussion followed. Dinner 
preceded the meeting. October 9. 
Attendance 53. 

The Use op. Electric Industrial 
Trucks, by C. B. Crockett, Industrial 
Truck Association. M. R. Berry, Elec¬ 
tric Products Co., discussed truck 
batteries and charging methods. Three 
reels of motion pictures of electric truck 
application in large industries were 


Erie 

Annual banquet and ladies’ night. 
Lights op Home, by Ralph W. Shenton. 
Short address by E. C, Stone, Vice- 
President, District No. 2, A. I. E. E. 
Nate Harrington acted as. stunt master. 
Members of the Technical Federation of 
Erie attended. November 18. Atten¬ 
dance 120. 

Fort Wayne 

Conduction, Convection, and Ra¬ 
diation OF Heat in Electrical 
Machinery, by Professor A. D. Moore, 
University of Michigan. November 20. 
Attendance 100. 


Mexico 

Annual banquet at which the officers 
for the year 1930-1931 were announced 
and introduoe<|. November 22. Atten¬ 
dance 53. 

Nebraska 

Modern Practise of Laying Under¬ 
ground Long Distance Cables, by 
F. J. Rupe, Northwestern Bell Telephone 
Co., illustrated with moving pictures 
showing construction work in progress. 
November 21. Attendance 40. 

Niagara Frontier 

Mercury Arc Rectifiers, by Othmar 
K. Marti, American Brov/h* Boveri Co., 
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illustrated with slides. Motion pictures 
desoribmg the mining, smelting, refining 
and rolling of the metal were presented. 
November 21. Attendance 60. 

Oklahoma City 

The. World Power Conference at 
Berlin, Germany, by Dean P. S. Donnell, 
Oklahoma A. & M. College, illustrated 
with a number of slides made from 
pictures taken while visiting Europe, 
Film—‘^The New Hydroelectric Generat¬ 
ing Station at Louisville, Ky/’ October 
30. Attendance 115. 

Illumination, by A. B. Warner, 
Oklahoma Gas & Electric Co.; 

The Installation and Operation op 
Underground Toll Cable, by M. L. 
Olsen, Southwestern Bell Telephone Co. 
Illuatrated with four films showing the 
actual installation of several underground 
toll cables in the southwest. November 
24. Attendance 82. 

Philadelphia 

Some Regent Research Develop¬ 
ments, by B. L, Manning, General 
Electric Co, November 10. Attendance 
200 . 

Pittsburgh 

Modern Physics, by .Saul Dushman, 
General Electric Co. Moving pictures 
preceded the presentation of this paper. 
Joint meeting with the Engineers* Society 
of Western Pennsylvania. November 12. 
Attendance 324. 

Pittsfield 

Recent ’ Developments in Steam 
Turbines, by H. L. Wirt, General 
Electric Co. niustrated with slides. 
Dinner preceded the lecture. November 
18. Attendance 120. 

India—^Present Condition and 
Future Outlook, by Professor S. L. 
Joshi, . Dartmouth College. Dinner 
preceded the meeting. December 2. 
Attendwce 550. 

St. Louis 

Dance. November 15, Attendance 
132, 

San Antonio 

The Development op Radio Broadt 
Pasting, by J. Cummings, Manager of 
WGAI Broadcasting Statiop, Following 
the meeting those present inspected 
Station WOAl and Mr. Cummings gave 
brief explanations of the-functions of 
each part of the station apparatus. 
November 17. Attendance 68. 

San Francisco 

Telegraphing Today, by M. V. 
Metriman, Western Union Telegraph Co. 
hSiBcellaneous apparatus,- consisting of 
Inlays and parts from, the various equip¬ 
ment used vip telegraph, on display. 
FoUowii^ ihe meeting the members were 


conducted through the main ofdce* of 
the Western Union Telegraph Co. The 
exchange was in full operation and all 
had an opportunity of witnessing the 
various activities as they normally take 
place. November 28. Attendance 90. 


Planning to Meet the Development 
OP thSj Systems op the Hydroelectric 
Power Commission op Ontario, by 
A. H. Frampton,. H. E. P. C., illustrated 
with slides, November 28. Attendance 
83. 


Saskatchewan 

Some Recent Developments in 
Transformer Design, by C. B. Sisson, 
Canadian General Electric Co., and Vice- 
President District No. 10, A. I. E. B. 
Illustrated with a number of lantern 
slides. October 20. Attendance 22. 

Seattle 

Some Fundamentals op Illumination 
—Old and New, by Professor F. A. 
Osborn, University of Washington. Two 
moving pictures followed. A report of 
the Summer Convention held in Toronto 
last June was presented by L, N. Robin¬ 
son, who was the delegate of the Section. 
November 18. Attendance 60. 

Sharon 

Semi-Annual Winter banquet meet¬ 
ing. Humor— ^A Mental Cocktail, 
by Dr. John L, Davis. December 2. 
Attendance 180. 

Spokane 

Spokane River Flow Control for 
Economic Operation op Hydroelectric 
Plants, by John A. Tobyn, Washington 
Water Power Co.; 

Motors and Their Application, by 
Henry L. Vincent, General Electric 
Co. A report of the Summer Convention 
at Toronto last June was given by Earl 
Baughn, who was the delegate of the 
Section. November 21. Attendance 25. 

Springfield 

A Mechanical Analogy TO the 
Problem op Transmission Stability, 
by A. D. Dovjikov, Westinghouse Elec. 
& Mfg. Co, Refreshments served after 
the meeting. November 10. Attendance 
64. ^ 


Toledo 

Metal-Clad Switch-Gear, by H. V. 
Nye, Allis Chalmers Mfg. Co., illustrated 
with slides. B. B. Featherstone presented 
a film “A Tourist Trip Through The 
Rockies,** and explained the scenes as 
they appeared, November 14. Atten¬ 
dance 70. 

The Transmission op Personality, 
by L. S. 0*Roark, Bell . Telephone 
Laboratories, Inc. Dinner meeting of 
the Affiliated Technical Societies of 
Toledo. December 4. Attendance 275. 

Toronto 

Copper Mining, Smelting, and 
Manufacture, by G.. S. Mallett, 
American Brass Co. Moving pictures 
desoribmg the mining, smelting, and 
fabricating of copper were presented. 
November 14, Attendance 88. 


Urbana 

The Universe as a Physical Labora¬ 
tory, by Professor R. H. Baker, Head of 
the Department of Astronomy, University 
of Illinois. November 18. Attendance,30. 

Utah 

Domestic Electric Water Heating, 
by H. M. Ferguson, Utal Power & Light^ 
Co. Informal dinner preceded the ,uieet- 
ing. November 10. Attendance 40. 

Washington 

The Work op the American Engi¬ 
neering Council, by L. W. Wallace, 
American Engineering Council. Dinner 
preceded the meeting. November 11. 
Attendance 46. 

Worcester 

Construction and Maintenance op 
THE 15 Mile Falls Development op the 
New England Power Company, by 
C. R. Olliver, illustrated with slides. 
November-13. Attendance 60. 
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University of Akron 
Deion Circuit Breakers, by Mr. 
Seified, Student. Professor J. T. Walther, 
Counselor, and H. Shively, Chairman, 
outlined the activities at the District 
Meeting held in Philadelphia. October 
30. Attendance 11. 

Transmission Problems on Long 
Lines, by Troy Stair, American Tel. & 
Tel. Co. November 21. Attendance 11, 

University of Arkansas 
Railway Electrification, by Q. V. 
Smith, Student; 

Television, by Robert Hunt, Student. 
An automatic relay was presented to the 
school by Wylie Head, who had received 
it as a trophy of his summer work with 
the Westinghouse -lEileo. & Mfg, Co. 
Novembers. Attendance24. 

Armour Institute of Technology 
Radio as an Aid to Police, by W. P. 
Hilliard, Chicago Police Department. 
Joint meeting with the Armour Radio 
Association. November 17. Attendance 
89. 

Discussion on Submarine .Tele- 
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PHONES AND ,TeLE GRAPH CaBLES, by 

Donald M, Detterman, Student; ^ 

Hiqh-Frequbnct Radio Beam Trans¬ 
mission, by Morton Fagen, Student. 
December 1, Attendance 51. 

University of British Columbia 
The Cathode Ray Oscillograph, by 
E. Crawford, Student; 

Mercury Arc Rectifiers, by Mr. 
Thomas, Student. November 18. At¬ 
tendance 17. 

Inspection trip to the Ruskin hydro¬ 
electric plant of the British Columbia 
Electric Railway. November 21. 
Attendance 22. 

Polytechnic Institute of Brooklyn 
Elbotrodynamombters for Power 
Measurement, by T. C. Eatsigris, Hub 
Engineering Corp; 

Photelectric Cells, Their Con¬ 
struction AND Uses, by R. T. Orth, 
Radio Corporation of America; 

Lightning on Transmission Lines, 
by Prof. V. Karapetoff. Refreshments 
were served after the meeting, November 
10. Attendance 64. 

Bucknell University 
CoNowiNGO Hydroelectric Devel¬ 
opment ON THE Susquehanna, by C. M. 
D^atherage, Student; 

The Philadelphia Plant op the 
General Electric Co., by Leighton 
Herbst, Student. O. R. Sterling, Chair¬ 
man, outlined the activities of the 
Institute. November 10. Attendance 12. 

California Institute of Technology 
The Electrical Equipment of the 
New Astro-Physics Laboratory, by 
Emmett M. Irwin, Student. Luncheon 
preceded the meeting. November 20. 
Attendance 40. 


Th.e Photoelectric Cell and Its 
Applications in Industry, by D. F. 
Doody» Student. November 11. Atten¬ 
dance 30. 

Clarkson College of Technology 
Lecture on Photography, by Assis¬ 
tant Professor W. A. Dart, illustrated. 
Committee reports presented. November 
11. Attendance 13. 

Inspection trip to the Alogonquin 
Paper Corporation’s Mill at Ogdensbui’g, 
N. Y. November 12. Attendance 51. 

Clemson College 

Inspection trip to the Saluda River 
Hydroelectric Power Plant. October 22. 
Attendance 35. 

General Power Application.s, by 
A. T. Vick, Student; 

Two-Way Television, by H. C. 
Woodson, Student; 

Current Events, by C. B. Stevens, 
Student; November 20. Attendance 26. 

Report of the District Meeting in 
Louisville, by C. E. Jarrard, Student; 

Current Events, by Joe Vance, 
Student. December 4. Attendance 30. 

Colorado Agricultural College 

Electrification op Rural Districts, 
by Mr. Stanbaugh, Public Service Co. of 
Colorado. November 24. Attendance 18. 

University of Colorado 
Rambles Through the Rockies, by 
Eben Fine. Illustrated. November 19. 
Attendance 30. 

The Community and the Engineer, 
by Herbert S. Sands, President, Denver 
Chamber of Commerce. Professor Frank 
A. Eastern gave a short talk on the 
Summer Convention in Toronto last 
June. Professor Charles M. McCormick 
discussed the meetings held by the Denver 
Section. Decembers. Attendance35. 


deBruyne elected Secretary. October 5. 
Attendance 17. 

The Photoelectric Cell and Some 
Applications, by Russell Ransom, Presi¬ 
dent; 

Television and Recent Develop¬ 
ments IN THAT Field, by Stanley G. 
Flack, Student; ' 

The Condenser Microphone anO 
THE Theory op It, by A, L. deBruyne, 
Secretary. Professor W. J. Seeley, 
Counselor, urged all to take an active 
part in the A. I. E. E. activities. October 
16. A ttendanee 30. 

Mercury Arc Rectifiers, by C. F. 
Brethal, Student. October 30. Atten¬ 
dance 10. 

Illumination, by R. L, Peppell and 
W. F. Weaver, Students, November 13. 
Attendance 18. 

University of Florida 
A Trip through the Inglis Power 
Plant op Tin3 Florida Power Corpora¬ 
tion, by J. L. Wolcott, Student; 

A Modern Explanation of the 
Ohm’s Law, by J. L. Sanders, Student. 
Film—“Hydroelectric Power Production 
in the New South.” November 17. 
Attendance 22. 

Reports of the recent District Meeting 
held in Louisville were given by Ihrofessor 
Joseph Weil, Counselor, and C. V. Booth, 
Chairman. Decembers. Attendance37, 

Georgia School of Technology 
Steam-Turbine Developments and 
Principles op Operation, by P. C. 
Eppelshimer, Westinghouse Elec. & Mfg. 
Co. November 12, Attendance 71. 

Inspection trip to Plant Atkinson of the 
Georgia Power Company. Joint meeting 
with the A, I. E. B. and A. S. M. B. Sec¬ 
tions. November 24. Attendance 100. 

Harvard University 
The Fifteen Mile Falls Hydroelec¬ 
tric Development, by E. W. Dillard, 
New England Power Construction Co., 
illustrated with lantern slides and motion 
pictures. November 13. Attendance 180. 

a 

State Universfty of Iowa 
The Automatic Garage, by Mr. 
Colony, Student; 

Telephones in the Rough, by Mr. 
Cutler, Student; 

Sound Reproduction, by Mr. Ducketrf;, 
Student. November 19. Attendance 29. 

Practical Uses op the Photoelec¬ 
tric .Cell, by Mr. Fitzgerald, Studeat. 
Professor Edwin Kurtz, Counselor, and 
J. W. Campian, Chairman, gave reports 
of the Conference on Student Activities 
held in Chicago. December 3. Atten¬ 
dance 33. 

Kansas State College 
Success, by Professor L. M. Jorgenson. 
Professor R. G. Kloeffler, Counselor, gave 
a talk outlining the purpoeete and aims of 


University of California 
After a short business meeting the 
following pd!|)ers were presented: 

Power," by A. H. Markwart, Pacific 
Gas & Electric Co.; 

Hydrobebotric ^ Power Develop¬ 
ments IN California, by Robert W. 
Hollis, Student, November 19. Atten¬ 
dance 69. 

Business meeting followed by the 
presentation of two films, as follows: 

“The Steel Needle,” and “Conquering 
the Cascade.” New officers were an¬ 
nounced and introduced. December 3. 
Attendance 25. 

Catholic University of America 
Election of officers as follows; David F. 
Doody, Chairman; C. R. Liekweg, 
Vice-Chairman; F. D. Vezzosi, Secretary- 
Treasurer. Professor T. J. MacKavanagh, 
Counselor, gave a talk on the activities of 
the Institute. October 11. Attendance 
30. 


Cooper Union 

BJbga—“The Theory of Construction 
andf Operation of Electrical Instruments.” 
November 19. Attendance 60. 

Cornell University 
Radio Beacon, by H. B, Simpson, 
Student; 

Public Address Systems, by A. C. 
Stallman, Student; 

Calculating Boards, by P.J.Glaister, 
Student; 

The Charles Huntley Generating 
Station, by L. A. Eggelston, Student. 
December 3. Attendance 30. 

Drexel Institute 

Demonstration and Explanation op 
the Theremin, by Fred Farrow, Radio- 
Victor Corp. November 25. Attendance 
60. 

Duke University 

L. B. Ransom, President, outlined the 
purposes and aims of the Institute. A. L. 
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[;he A. I. E. E, Entertainment and re- 
Teshments followed. October 24. At- 
tiendance 180. 

Current Events, by S. W. Graham, 
Student; 

Opportunities in Public Utility 
W OBK, by Paul Ayers, Student; 

Television, by Mr. Burgin, Student. 
Moving pictures on the subject of X-rays 
presented. (Afternoon session.) October 
BO. Attendance 54. 

The program of the evening meeting 
was the same as that presented in the 
ifternoon. October 30. Attendance 53. 

Current Events, by W. Tolley, 
student; 

Photoelectric Cells and Their 
Applications, by K. D. Cornell, Student; 

L. E. Baldwin, Kansas Power & Light 
Co., gave a talk on public utility work and 
its functions, and also the possibilities for 
college graduates with these companies. 
Film—“Thomas Edison.'* (Afternoon 
session.) November 0. Attendance 56. 

The program of the evening meeting 
was the same as that presented in the 
afternoon. November 6. Attendance 55. 

Univ rsity of Kansas 

Television, by C. B. Brown, Student. 
Demonstrated. 

Eeports of inspection trips to Keokuk, 
Chicago, Milwaukee, and other cities by 
several students. November 13. Atten¬ 
dance 77. 

Some Mechanical Enoinberinq 
Problems in a Modern Oil Kepinery, 
by W. L. Mathews, Standard Oil Co.; 

Some Construction Details op an 
Industrial Power Plant, by O. 0. 
Boynton, Standard Oil Co.; 

Toll Telephone Plant Construc¬ 
tion, by J. H. Schweitzer, Southwestern 
Bell Telephone Co., illustrated with 
slides; 

Economic Design op Inter-City 
Communication Facilities, by L. F. 
Burwick, Southwestern Bell Telephone 
*Co. Joint meeting of the Kansas City 
Sections and Umv. of Kans. Branches of 
the A. I. B. E. and A. S.*" M. B, Decem¬ 
ber 4. Attendance 175i. 

Unlvereity of Kentucky 

Power op the East River Generat¬ 
ing Station, by C. O. Fury, Student; 

Power op the Pacip,!^ Light and 
Power Company, by F. Y. Carter, 
Student; 

Membership Qualifications, Grades, 
AND Entrance Requirements op the 
A. I. B. E., by Professor W. B. Freeman, 
Counselor. October 18. Attendance 41. 

Scientific Aspects op Thomas Jep- 
person*b Life, by Professor W. S. 
Rbdman, Vice-President, District No. 4, 
A. I. E. B. November 17. Attendance 45. 

Nitrogen Fixation Process, by S. H. 
Wise, Siudentf 
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W. 0. Richmond, Student, gave a sum¬ 
mary of a new method of removing water 
from the tanks of submarines. Dec6m])6r 
3. Attendance 41, 

Lehigh University 
Applying an Engineering Educa¬ 
tion, by H. G. Harvey, Associated Q s & 
Electric Co.; 

The Screen-Grid Radio Circuit, by 
L. R. Wanner, Student. Paul W. Seal, 
Chairman, outlined the proposed program 
for the coming year; also the aims and 
activities of the A. I. B. E. November 7. 
Attendance 100. 

Lewis Institute 

Your Chicago, by T. Price, Common¬ 
wealth Edison Co., illustrated with 
moving pictures. December 5. Atten¬ 
dance 76. 

Marquette University 
Short papers read by several students. 
November 13. Attendance 22. 

Massachusetts Institute of Tech¬ 
nology 

The Generation and Distribution 
OP Electric Power, by E. S. Mansfield, 
Edison Electric Illuminating Co. of 
Boston. Film—“More Power To You.** 
November 20. Attendance 230. 

Inspection trip to the Milk Street 
Manual Exchanges and the Kenmore 
Automatic Exchanges of the New En¬ 
gland Telephone & Telegraph Co. Decem¬ 
ber 3, Attendance 30. 

Michigan College of Mining and 
Technology 

Motor Maintenance and General 
Maintenance op Electrical Equip¬ 
ment, by Mr, Zimmerman, Westinghouse 
Elec. & Mfg. Co. Committees appointed 
to taJcG care of the arrangements for the 
Electrioal Show to he held next May. 
November 7. Attendance 61. 

The Student Training Cours:^ at 
Westinghouse, by M. D. Crowell, 
Secretary. November 19. Attendance 29. 

James Rowley, Student, outlined his 
experiences with the Detroit Edison Co. 
during the past summer. December 3. 
Attendance 25. 

University of Michigan 
What Does an Engineer do in a 
Manufacturing Plant, and How? by 
A. M. Dudley, Westinghouse Elec. & 
Mfg. Co. November 12. Attendance 100. 

The Production op Electric Power, 
by A. R, Smith, General Electric Co. 
November 18, Attendance 110. ’ 

School of Engineering of Milwaukee 
The Water Supply op Muncipalities 
AND THE Selling of Water Supply. 
Equipment, by E. Roger, Layne-North- 
west Pump Co. Refreshments served. 
November 12. Attendance 150. 


Missouri .School of Mines and Metal- 
iprgy 

•• The Effect op Electricity upon the 
Nervous System, by J. B. Stokes, 
Student;^ 

My Summer Experiences, by A. R. 
Baron, Student. November 19. Atten¬ 
dance 21. 

My Summer Experiences, by J. D. 
Shelton, Chairman. December 3. Atten¬ 
dance 13. 

University of Missouri 
Design op Alternators, by J. W. 
Logan, Student. November 12. Atten¬ 
dance 57. 

Montana State College 
A Small Motor with a Low Start¬ 
ing Current, taken from the ^Mecinc 
Journal, presented by Wesley C. Punk, 
Student; 

A New Portable Oscillograph, 
taken from the A. I. B. E. Journal, 
presented by Manley Goldberg, Student; 

The Development op the Modern 
X-Ray Generating Apparatus, taken 
from the General Electric Review, pre¬ 
sented by N. Grebeldinger, Student. 
November 6. Attendance 147. * 
Electricity vs. Steam, taken* from 
World*a Work, presented by Arthur 
Sheldon, Student; 

Short Cuts in Mathematics, hy 
Walter Williams, Student; 

A Portable Emergency Local Dis¬ 
tribution Substation, taken from the 
General Electric Review, presented by 
Harry Beck, Student; 

Scheduled Speed Increased by Elec¬ 
trification, taken from the Electric 
Railway Journal, presented by Howard 
Freeman, Student. November 13. Atten¬ 
dance 145. > 

N. B. L. a. Electrification Report, 
taken from Railway Age, presented by 
Vem Hankins, Student; 

Radio now has Tone Control, taken 
from Popular Science Montlity,^ presented 
by Curtis Hanson. November 20. At¬ 
tendance 146. 

University of Nebraska 
What I would do if I were a Senior 
NOW, by F. J. Gunther, lowa-Nebraska 
light & Power Co. December 3. Atten¬ 
dance 30. 

Newark College of Engineering 
Electrification of the Lackawanna, 
by Edward Anson, Jackson cS; Moreland; 

Development ofoMercury Arc Rec¬ 
tifiers, by W. R. Ackor, Chairman, 
illustrated. November 17. Attendance 41. 

University of New Hampshire 
Rbtox Rectifiers, by Marshall E. 
Bowker, Student; 

Multiplex Printers, by Arthur G. 
Pinkham, Student. October 18. Atten¬ 
dance 34. 
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Film—“Power Transformers.” Novem¬ 
ber 15. Attendance 33. 

Theory of Corona Loss in Power 
Transmission, by G. Matoian, 
Student; 

Demonstration of the Left-Hand 
Motor Rule, by R. E. Sawyer, Student; 

Horn-Gap Lightning Arrestep, by 
A. G. Pinkliam, Student. L. E. Potts 
and L. E, Moore, Students, demonstrated 
the above with high-voltage apparatus, 
and conducted a few other experiments 
with the same apparatus. November 22. 
Attendance 24. 

Some Hydroelectric Developments 
3 N New Hampshire and Vermont, by 
P. E, Rolfe, Student; 

Manufacture and Uses op Car¬ 
borundum, by L. A. Barker, Student; 

Sparking in a Partial Vacuum, by 
M. H. Riley, Student. November 29. 
Attendance 30. 

University of New Mexico 
The Radio Knife, by C. E. Henderson, 
Chairman. November 13. Attendance 15. 

New York University 
Debate—Resolved: That water power 
in New York States be Owned, Operated, 
and Distributed by the State. November 
10. Attendance 21. 

Tying Up of Power Networks, by 
C. 7. Ridgley, Student. November 24. 
Attendance 14. 

North Carolina State College 
Review op the Life of Steinmetz, 
by C. M. Smith, Student; 

Railroad Signaling, by J. W. Suther¬ 
land, Student. November 18. Atten¬ 
dances!. 

A report of the District Meeting held 
at Louisville was given by R. C. Kirk, 
Chairman. December 2. Attendance 30. 

North Dakota State College 
Film—“Power.” November 20. At¬ 
tendance 85.^ 

Film—“From Coal to Electricity.” 
December 4. Attendance 52. 

University pf North Dakota 
A New Screen-Grid Tube, by 
William Denk, Student; 

William Spriggs and A. W. Eynon, 
Students, gave a practical demonstration 
of the current-illumination characteristics 
of the photoelectric cell, and also its color 
sensitivity. November 12. Attendance 18. 

Northeastern University 
Electrical Unitw, by Dr. A. E. 
Kennelly, Harvard University. Refresh¬ 
ments served. November 4. Attendance 
89. 

University of Notre Dame 
The Street Liohtinq System of 
South Bend, Indiana, by Frank Mills, 
Indiana Michigan Electric Co.; 

Starting and Reversing Single- 


Phase Induction Motors, by John 
Staunton, Student; 

!^!igh-Prequency Induction Fur¬ 
naces, by A. White, Student; 

Patrick Murray, Student, presented the 
regular digest of engineering news. 
November 17. Attendance 73. 

Ohio Northern University 
The Effect op Electric Shock, by 
J. M, Stewart, Student. November 20- 
Attendance 33. 

Ohio University 

Films as follows: “Beyond the Micro¬ 
scope,”- “Pillars of Salt,” and “The 
Continuous Process of Making Sheet 
Steel.” November 17. Attendance 12. 

Oklahoma A. ic M. College 
Construction and Care op Trans¬ 
formers, by W. B. Nichols, Student; 

Evolution op the Transformer, by 
Hubert Short, Student, illustrated with 
slides. November 20. Attendance 10. 

Oregon State College 
General discussion of Branch activities. 
November 10. Attendance 55, 

Electric Power from Hogged Fuel 
AND THE Relation of Steam to Water 
Power Plants, by C. P. Osborne, 
General Electric Co., illustrated with 
slides. Films—“Blasting the Water 
Highways of America,” and “Hydro¬ 
electric Power Production in the New 
South.” November 19. Attendance 38. 

Pennsylvania State College 
Smoker and Annual Get-Together. 
October 8. Attendance 91. 

Talks by five Students on their summer 
experiences. October 29. Attendance 38. 

Film—“From Mine to Consumer.” 
November 5. Attendance 53, 

The Development Engineer in 
Manufacture, by D. Levinger, Western 
Electric Co., illustrated with ^des and 
motk)n pictures. November 18. Atten¬ 
dance 93. 

University of Pennsylvania 
Motion pictures.. December 5. Atten¬ 
dance 26. 

University of Pittsburgh 
Lightning, by.R. G. Woessner, Student; 
H. K. Aalborg, Student, related his 
experiences * as circuit breaker engineer 
while employed by the Westinghouse 
Electric & Mfg. Co. October 9. Atten¬ 
dance 116. 

Transoceanic Communication, by 
R. A. White, Student; 

D. N. Burdette, Student, outlined the 
design and operation of magnetic strain 
gages as developed by the Westinghouse 
Electric & Mfg. Co. October 16. Atten¬ 
dance 110. 

Biography op Faraday, by Robert 
Canning, Student; 


D. W. Burns, Student, outlined some 
early developments in electricity. Octo¬ 
ber 23. Attendance 109. 

Modern Railways, by C. 1. Staples, 
Westinghouse Elec. & Mfg. Co. Movies, 
refreshments, and entertainment followed. 
October 30. Attendance 85. 

H, J. Stoneman, Student, deserilJed the 
operation of the West Penn Power Com¬ 
pany’s Coal Mine at Springdale; 

W. J. Wherry, Student, outlined the 
manufacture of rubber as carried on at 
Akron, Ohio, November 6. Attendance 
113. 

Modern Electric Refrigeration, 
by A. J, Mattes, Student; 

■ F. A. Mallisee, Student, traced the 
historical development of all types of 
meters. November 13. Attendance 113. 

Development op Transmission Lines, 
by L. A. Terben, West Penn Power Co. 
November 20. Attendance 118. 

Pratt Institute 

Panel Boards, by L. Johnson, 
Student; 

Railroad Control and Railway 
Signaling, by C. Sehimke, Student. 
November 13. Attendance 30. 

Westinghouse Test, by Jolm Cook, 
Student. December 3. Attendance 50, 

Princeton University 
Election of officers as follows: Frank L. 
Thomson, Chairman; B. E. George, 
Secretary. December 4. Attendance 13. 

Purdue University 
Lecture on the Magnetic-Type 
OsciLLOGRAiui, by Professor G. V. 
Mueller; 

New Pbumanbnt-Magnet-Type Os¬ 
cillograph, by D. A. MacAffer, General 
Electric Co. November 20. Attendance 
125. 

Rensselaer Polytechnic Institute 
Description of the Emmet Mercury 
Vapor Ih^ocess equipment installed by 
the General Electric Co, in the South 
Meadows station of the Hartford Electric 
Co,, by James Orr of the same company. 
November 11. Attendance 285. 

Rhode Island State College 
Film—“Buried Sunshine.” November 
24. Attendance 30. 

Business Meeting. December 8. At¬ 
tendance 7. 

Rose Polytechnic Institute 
Film—“A History of the Electrical 
Industry.” November 24. Attendance 
37. 

Lifting Magnets, by Mr. Richardson, 
Student; 

Robert Roach, Student, gave a repoTt 
of the Conference on Student Activities 
held in Chicago. December 6. Atten¬ 
dance 34. 
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Rutgers University 
Recent Developments in the Bell 
System, by Mr. Birch, Student; 

Opportunities for Employment in 
THE Bell Laboratories, by Mr. Wolff, 
Student. October 28. Attendance 22. 

Rubber-Covereb Cables, by Milton 
Trompen, Student; 

Film—“The Single Ridge.** November 
11. Attendance 25. 

Kbnotron and Thyratron Tubbs, 
by Jacob Rudnitsky, Student; 

Rotary Converters, by Pred Kent, 
Student; 

Comments on Mercury Arc Recti¬ 
fiers, by Prof. Puniphries. November 
24. Attendance 19. 

Santa Clara University 
Films* *—Hy droeleotricWaterTunnels, ** 
and “Channel Excavations.** November 
5. Attendance 31. 

Survey of Aeronautics, by Walter 
Van Haitsma, Boeing Aircraft Co. 
November 19. Attendance 63. 

Oil Circuit Breakers, by Roy 
Wilkins, Pacific Electric Mfg. Corp., 
illustrated with slides. November 19. 
Attendance 40. 

Inspection trip to Station A—Pacific 
Gas & Electric Co. Generating Plant. 
November 24. Attendance 39. 

University of South Carolina 
The Deion Circuit Breaker, by 
H. L. Stokes, Chairman. Film—“Hydro¬ 
electric Power Production in the New 
South.** November 17, Attendance 34. 

The Engineer’s Outlook on Life, 
by S. Hammon. Professor T. F. Ball, 
Counselor, and H. L. Stokes, Chairman, 
outlined the events at the District Meet¬ 
ing held in Louisville. November 24. 
Attendance 30. 

Business Meeting. December 1. At¬ 
tendance 9. 

South Dakota State School of Mines 
Needed Improvements in Distribu¬ 
tion Systems^ by Lee Boyer, Consoli¬ 
dated Power & Light Co. Stanley Sickle 
and Clifford Spilker, Students, outlined 
their experiences during the past summer 
on construction work with the American 
Tel. & yel. Co. November 19. Atten¬ 
dance 34. 

University of Southern California 
Lecture on The TRAii^rOF the High 
Sierra, by Professor N, C. Clark, illus- 
larated. November 29. Attendance 45. 

Lecture by Professor N. C. Clark on the 
region near and including Yosemite 
Valley. . Novembers, Attendances?. 

Films:—“Blasting the Water Ways of 
America,**: and “Hydroelectric Power 
Production in the New South,** Novem- 
b'&rl2. Attendance 34. 

Industrial Lighting, by Willard 
Baustnan, Holophone lUmninating Co. 
November l5.^ Attendance 31. 
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Blind Landing op Aeroplanes, by 
Walter Weis, Student. December 3. 
Attendance 25. 

Southern M thodist University 

Professor H. F. Huffman, Counselor, 
outlined the aims and activities of the 
Institute. Election of officers as follows: 
P. H. Gable, Chairman; I. Prauman, 
Vice-Chairman; Porter Lindsley, Jr., 
Secretary-Treasurer. October 15. At¬ 
tendance 37. 

Underground Distribution System 
OF THE Dallas Power & Light Co., by H. 
H. Robinson of the same company. Illus¬ 
trated. November 12. Attendance 30. 

Demonstration op a Short-Wave 
Sending Set, by D. J. Tucker, Student; 

Demonstration of a Thermocouple, 
by R. L. Allen, Jr.; 

Laboratory Experiments with 
Transformers, by Carlos Burnett, 
Student. Joint meeting with the Dallas 
Section. November 17. Attendance 80. 

Stanford University 

E. A. Creliin, Vice-Chairman, San 
Pranoisco Section, A. I. E. E., discussed 
plans for closer relationship between the 
Branches and the Section. Professor 
T. H. Morgan, Counselor, outlined the' 
new by-laws concerning Student enrol¬ 
ment. October 21. Attendance 17. 

Aeronautical Radio Communication, 
by Eugene Sibley, reviewed by Robert 
Triplett, Student; 

Relay Metering, by D. A. Murray; 

A New System of Speed Control for 
A-C. Motors, by A. M. Rossman, 
reviewed by V. Siegfried, Chairman; 

Q. S. Kimball, Student, described the 
new equipment being installed in the 
Electrical Engineering Laboratory. No¬ 
vember 25, Attendance 15. 

Syracuse University 

Trolley Buses, by E. W. Schweitzer, 
Student; ^ 

Automatic Train Control, by D. W. 
Phelmi, Student. November 14, Atten¬ 
dance 25. 

Recording of Sound Pictures, by 
M. J. Kraska, Student; 

Airport Lighting, by C. R. Anderson, 
Student; Illustrated. November 21. 
Attendance 25. 

Two illustrated lectures presented as 
follows: The Evolution of the Trans¬ 
former, and 60,000 Kv-a. Synchronous 
Condensers. December 6. Attendance 
25. 

University of Tennessee 

Get-Together Meeting. December 2. 
Attendance 52. 

Texas A. & M. College 

Electric Shock, by H. A. Bddins, 
Student; 


Resuscitation from Electric Shock, 
by J. A. Shellberg, Student. November 
-11. Attendance 60. 

Texas Xechnolngic 1 College 

Dean W. J. Miller, Counselor, and 
Walter Burns, Chairman, outlined the 
aims and purposes of the Institute. 
Committee appointments announced. 
October 8. Attendance 19. 

Film—**The Conowingo Hydraulic" 
Dam.** November 7. Attendance 14. 

The Adapting of Electricity to 
Railroads and Large Ships, by Wm. 
Walker, Student; 

Tuco (a large generating plant which 
is nearing completion), by Hubert J. 
Allen, West Texas Utility Co. November 
19, Attendance 50. 

Inspection trip to the new power plant 
of the Texas Utility Co, November 25. 
Attendance 35. 

University of Texas 

Boiler Feed-Water Control, by 
C. A. Glover, Student. November 13. 
Attendance 18. 

University of Utah 

New Developments in Hydroelec¬ 
tric Plants, by L. E. Painter, Student; 

The Relationship between the 
Big Open Air Mine at Bingi^am, 
Utah, and Electricity, by Ray Bohne, 
Student. October 28. Attendance 21. 

Film—“From Mine to Consumer.** 
December 2. Attendance 24. 

University of Vermont 

Wbstinghouse Method op Fre¬ 
quency Control, by P. H. Thomas, 
Student; 

The Selsyn Motor, by M. L. Joslin, 
Student. November 18. Attendance 27r 
Films as follows : *‘Blasting the Water 
Highways of America,*' “Building New 
York’s Newest Subway,** “Driving the 
Cascade Tunnel,” and “Hydroelectric 
Power Production in the New South.” 
Joint meeting with the A. S. M. B. 
December 3. Attendance 6Q. 

Virginia Military Institute 

Improved Lighting on Our High¬ 
ways, by Mr. Quid, Student; 

Industry’s Tribute to George West- 
inghoubb, by Mr. Woodson, Student; 

Railroad Electrification, by Mr. 
Moore, Student; 

The Talking Picture Apparatus in 
J. M. Hall, by Mr.Stokes, Student; 

Low Cost of Construction, by Mr. 
Welch, Student. October 16. Atten¬ 
dance 47. 

An account of the activities of the 
District Meeting held in Louisville was 
given by C. Q. King, representative of 
the Branch. December 4. Attendance 
47. 
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Virginia Polytechnic Institute 
Professor C. Lee, Counselor, an4 R. E. 
McDaniel, A. B, Pritchard, and E. L, 
Rowell, Students, outlined the activities 
of the District meeting*held in*Louisville. 
November 25. Attendance 17. 
Stbinmetz, by R. C. Hoffman, Student; 
Sound Reproduction, Western 
Electric Method, by W. J. Pritchard, 
Student; 

Economy and the Engineer, by C. V. 
Burgess, Student. Professor C. Lee, 
Counselor gave a talk on some of the 
activities of the Institute. December 4. 
Attendance 42. 

University of Virginia 

Development op Short-Wave Radio 
Communication, by W. B. Camplield, 
Student; 

Development op Broadcast Radio, 
by G. B. Miller, Student. Short talk by 
Professor W. S. Rodman, Counselor. 
November 7. Attendance 16. 

Washington State College 

Film—**An Electrical Travelogue.” 
November 12. Attendance 36. 

Harry Skaglund, Student, outlined a 
trip & took to Diablo Dam, near Seattle, 
last summer. Committee chosen to make 
awrangements for the Ai I. B. E. banquet. 
November 25. Attendance 16. 

University of Washington 

Switchboard Equipment, by James 
MacDougal, Roller Smitli Co., illustrated 
with slides. November 6. Attendance 20. 

The Power Company's Goat, by P. L. 
Morton, Student. November 13. At¬ 
tendance 23. 

Washington University 

Radio Servicing, by Richard 0- 
Denning, Student. November 6. At. 
tendance 26. 

Electrical Communications, by J. C. 
Rathman*, Postal Telegraph Co. Film— 
“Under the Seven Seas.” November 20. 
Attendance 17. 

University of Wyoming 

Rbctipiers used in Radio Apparatus, 

by Floyd Wickencamp, Student; 

Eppect op Anti-Knock Compounds 
on Fuels Used in Internal Combus¬ 
tion Engines, by Vincent Bowles, Stu¬ 
dent. Joint meeting with the A. S. M. B. 
November 4. Atte]|jdance 17. 

Electric Fish, by B. Hemenover, 
Student; 

A New Method op Removing Scale 
AND Corrosion prom Steel, by J. 
Sillasen, Student; 

Power prom the Ocean, by C. 
Horton, Student. November 18. At¬ 
tendance 11. 


Yale University 

Advantages and Disadvantages op 
Holding Corporations, by R. A. 
ifoekley, Student; 

Regulation op Holding Companies, 

by E. R, Eberle, Student; 

The General Electric Unemploy¬ 


ment Insurance Plan, by L. A, Autuori, 
Student. November 18. Attendance 
13. 

Power System Stability, by Profes¬ 
sor G. C. Dahl, Massachusetts Institute 
of Teehnolog>^ November 25. Atten¬ 
dance 42. 
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imploymeni Imoies! 

Of iLe EngiDeerinfi iSocl«ties Employment Service 


Positions Available 

SALES ENGINEER, who has had experionco 
selling resistance units and rheostats for Indus¬ 
trial and radio applications. Apply by lettor 
giving experience in full. Headquarters. Middle 
West. W-2120. 


Men Available 

ELEOTRIOAL ENGINEEli, college gradu¬ 
ate, good character. Approximately 13 years’ 
practical experience divided as follows: 0 months' 
clerical work, 6 months maintenance and switch¬ 
board operating in high tension power plants, 
12 years’ detailed and general engineering of low 
voltage iK>wer plants. 0-8328. 

1930 GRADUATE ELECTRICAL ENGI¬ 
NEER, Rensselaer Polytechnic Institute. Ten 
months* experience with sound picture industry; 
ilve months' thesis experience investigating 
acoustics of broadcasting studio, miscellanoous 
experience servicing radio receivers. Location, 
New York City district. Available shoi’t 
notice. 0-8407. 

ELECTRICAL SUPERINTENDENT OR 
POBEHAN, 12 years’ experience taking chaige; 
can handle any size job or jobs. Sober, reliable 
and industrious. Best of references. 0-8464. 


1929 GRADUATE, American, E. E. degree: 
14 months on General Electric Test Course. 
Interested in research; vacuum tubo application 
work. Experience covers above, also testing 
all types of electrical equipment. 0-1879. 

ENGINEER. EXECUTIVE, B. S. degree; 
20 years’ experience in engineering, contracting 
and purchasing, desires permanent connection 
with large industrial company or as a local 
representative. Location, New York City. 
B-5050. 

ELEOTRIOAL ENGINEER. 27. Expe¬ 
rience includes; Westinghouse oscillograph 01 ) 01 * 0 ^ 
Uon; raw material Inspection; pump, boiler and 
steam turbine tests; electrolysis survey of 8ul>- 
way cables; electrical construction in finished 
buildings. Laboratory work preferred in Met- 
ropolitivn area. C-8424. 

GRADUATE ELECTRICAL MECHANI¬ 
CAL ENGINEER, 30, desires connection with 
public utility. Industrial firm In power station 
operation as englnoor, assistant to superinten¬ 
dent or engineer. Ten yeara’ oxperi nee power 
plant test, operation, design, construction, 
maintenance. Throe years electrical engineer 
for industrial concern. Two years assistant to 
power engineer. B 8379. 

1030 GRADUATE ELEOTRIOAL ENGI¬ 
NEER, 22. Experience: six months in boiler- 
testing gang, three months testing centrifugal* 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Post St. 

San Frandsco 
N. D, Cook, Manager 


205 West Wacker Drive 
Chicago 

A. K, Krauser, Manager 


West 39th St. 

^ New York 
W. V, Brown, Manager 


J^AINTATNBD by the national sodo- 
^ ties of civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Sodoty of Engineers, Chicago, 
and the Engineers' Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available.) —Brief annoimcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s interval. Names and records 
remain on file for three months; renewable 
upon request. Send annoimcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to curiye not later 
than the fifteenth of the month. 


Opportunities. —A wooWy bulletin of 
engineering positions open is available to 
members of the coopei*ating eodeties at a 
subscription of $3 per quarter or $10 per 
annum, payabfeffln advance. 

Voluntary Contributions. —mbers 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year's salary. 

Answers to Announcements.— 
Address the key number indicated in 
each case and mail to the Now York office, 
with an extra two-cent stamp ondosed 
for forwarding. 
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water pumps, one year maintaining test equip¬ 
ment In radio receiver manufacturing plant. 
Prefers work in radio, sound reproduction, or 
co mmuni cation; however, will be interested In 
other work. Location, preferred in or near 
New Jersey. 0-8452. 

BLEOTRIOAL ENGINEER AND EXECU¬ 
TIVE, pparried; 20 years’ experience in electric 
distribution and maintenance problems. De- 
dbres position In Bast or South with public utility 
company. Available immediately. 0-7700. 

BLBOTBIOAL ENGINEER. 28. single, 
B. S. in E. E. 1924. Six years* experience large 
public utility in utility economics including 
water power values, financial, load forecasts, 
power studies, studies of system development, 
rate studies, unit costs, research work, general 
matters f fin ancia l , economic nature; desires 
position, public uUlity,. industrial concern. 
Location, preferably South. 0-6085. 

GRADUATE ELEOTRIOAL ENGINEER, 
34, married, desires connection with futive. 
Experienced in power and substation work, 
investigations, estimates, specifications, dArfgn 
and construction, control and relay work, related 
calculations, investigation of system conditions 
in connection with expansion and load additions. 
Industrial substations. Foreign languages. 
U. S. Citizen. Location, United States or 
Foreign. B-6660. 

ENGINEER, with sales 6xi>eri6nco over a 
wide territory and experienced In electrical, 
mecha n i ca l and rubber industries In develop¬ 
ment laboratory and production. Offers his 
services. B-7829. 

'SALES ENGINEER, 27, single, graduate 
engineer. Engineering and sales exi>erience of 
five years with leading control manufacturer. 
Desires position with sales department of an 
electrical concern r motor-control sxtecialist for 
a fast growing lectrical jobbing house. 0-8390. 

ELEOTRIOAL AND ILLUMINATING 
ENGINEER, 41, married; 23 years' experience, 
wireman to superintendent, estimator and 
engineer. Instructor in applied electrical engi¬ 
neering in technical school. Experienced wiring 
power stations, commercial and industrial build¬ 
ings. Five years’ engineering for architects, 
writing specificatioDs and designing eledriksd 
installations for office buildings, ho te ls, hospi¬ 
tals, industrial buildings. 0-8460. 

GRADUATE ELEOTRIOAL ENGINEER. 
30. Two years’ railroad shop and power plant 
experience, 4>^ years* large eastern railroad 
electrical engineer’s office, drafting and design, 
appraisal electrical and power plant machinery, 
investigation and Reports of engineering projects. 
Nin teen months ^electrician, U. S. Shipping 
Board diesel and diesel-eiectric motorships. 
Speaks Spanish. 0-8160. 

ELEOTRIOAL ENGINEER, 32. married. 

B. S. Nj^e years with large public utflity. 
Six years power station and substation design 
and layout, including purchase of equipment and 
materials. Three years cable inspector and 
tester. Three years’ practical field experience. 
Four years’ clerical and execClSve experience. 
Location, M tropolitan. New York. B-3698. 


ing station, substation, both indoor and outdpor. 
Desires connection with public utility or indus¬ 
trial oi-ganlzatlon. Available now. Location 
preferred. East. 0-8490, 

REOENT GRADUATE ELEOTRIOAL 
ENGINEER, married, age 24. Location, 
Northern United States. Available now, O- 
7976. 

ELEOTRIOAL ENGINEER, graduate 
Georgia Technology 1930. cooperative plan. 
Worked alternate months, five years substation 
maintenance and office. 

GRADUATE ELEOTRIOAL ENGINEER. 
American, 31, married; eight years’ public 
utility experience, hydroelectric developments, 
high-tension switching stations and distribution 
substations complete engineering design and 
supervision of several major developments in the 
United States and in South America; seeks per¬ 
manent connections. Speaks, German and Span¬ 
ish. 0-8470. 

SALES ENGINEER, 38. married, Ohilean 
Technical graduate. Westinghouse graduate 
students course. One year University of Penn¬ 
sylvania; seven years of actual sales work in 
Mexico and Ohlle with Westinghouse. Speaks 
Spanish and English fluently. Desires loca¬ 
tion in utility or manufacturing company. 
Location, immaterial. Available immediately. 
0-8524. 

GRADUATE. 1929 with B. S. In electrical 
engineering, 23, dosh^es position with railway or 
public utility company. One year Westing¬ 
house student course and has some diagram 
experience. Location, Middle West or Pacific 
Coast preferred. 0-8528. 

MBOHANIOAL-ELEOTRIOAL ENGI¬ 
NEER, with 15 years* experience in layout, 
construction and operation of industrial plants, 
seven years* design of power plants, five years' 
machine design. 2 years' machine shop practise, 
engineering college graduate. Desires position 
as engineer, chief draftsman or in similar capac¬ 
ity. Available immediately. B-2492. 

GRADUATE ELEOTRIOAL ENGINEER, 
single, 31, solicits inquiries. Nine years' experi¬ 
ence design of power stations, substations and 
industrial plants, also outdoor substations. 
Worked with Westinghouse In Pittsburgh and 
New York Edison Company. Speaks and 
writes German. Knowledge of French, Spanish. 
Will locate anywhere. Available immediately. 
First-class references. 0-2522. 

ENGINEER, ELEOTRIOAL. B. S.-E, E. 
Over 20 years* experience on power ptots, 
substations and industrial plants. Ten years' 
experience on power plants, substations and 
industrial plants. Ten years’ as designer and 
checker; ten years* as assistant electrical engi¬ 
neer, ^vering specifications, sapervislon of 
design, purchase of equipment, estimates, con¬ 
sultation, correspondence, etc. Available now. 
Will accept any reasonable offer. 0-3786. 

PIRST-OLASS TROUBLE SHOOTER 
wants work at once. Eight years in public 
utility and industrial plants. I. O. S. graduate 
In B.E. and associate A. I. E.E. 0-8522. 


ELEOTRIOAL ENGINEER, married, 35. 
Several years with design, construction corpo¬ 
ration on electrical design, construction, starting 
up. and specifications, covering large power 
plants, industrial lectric drives and auxiliaries. 
Several years with large manufacturer of 
electrical equipment, designer, switching, con¬ 
trol, general engineer. Experience writing 
reports and some in technical paper writinir. 
B.3172. 

ELEOTRIOAL DESIGNER, age 88. mar¬ 
ried. Foyrteeis years* public utlUtyeiq^erience, 
five different corporations, power plant, svltch- 


RADIO ENGINEER, B. S. in B. B.. 23. one 
year in general radio research laboratory. One 
year as design migineer with radiO'^eoelver 
manufacturer. Desires posIUon of similar 
character in laboratory of receiver manuffictorer 
or allied electrical activity. 0-8621. 

‘ TRANSMISSION AND DISTRIBUTION 
ENGINEER, desires position in tropical cli- 
mate* Now 8iq;>erintendent of a tramway in 
Olty in Brazil, Exp^euced in 1a*an8mi8sion of 
Irish nationality, speaks Portuguese. Holds 
first-class diplorqa Foradoz House, Graduate 
I.E.E. 0-8519. 


ELEOTRIOAL BNGINEJER, graduate 
Georgia Tech. 1930, cooperative plan. Worked 
alternate months, five years’ substation main¬ 
tenance and office engineering. Rebuilding 
transformers, switches, lightning arresters, work 
with electric furnaces, rectifiers, motors, etc. 
Checking and mapping distribution systems, 
work orders. Smgle, excellent physical condi¬ 
tion. Desires position, preferably with public 
utilities. Location, immaterial. 0-7847. 

ELEOTRIOAL - MBOHANIOAL E N GI - 
NBER. executive; 23 years* diversified experi¬ 
ence as an engineer and executive in industrial 
plant equipment and operation. Particularly 
successful in present connection along lines of 
mechanical plant improvement and in obtaining 
employee cooperation through personnel train¬ 
ing. Oan refer freely to each connection held. 
0-7839. 

SUPERINTENDENT, married, 42; 20 years’ 
toperience in electrical construction of power 
plants, automatic railway substations wd mer¬ 
cury arc rectifiers. Desires connection with, 
public utility or large manufacturing company. 
Available because company discontinued con¬ 
struction. 0-8520. 

SUPERINTENDENT, general foreman or 
field engineer for construction company or 
utility, (electric, gas, or water) on construction, 
maintenance or operating. Yoimg, energetic, 
ability and experience handling large crews and 
jobs of many details. Good organizer. B-9380. 

ELEOTRIOAL ENGINEER, graduate 
Union Oollege, 1924, age 28, married, good 
appearance, 16 months General Blectr^p Test 
Oourse. Four years’ public utility operation; 
15 years’ noncommercial radio experience. 
Location, East. Available at once. 0-4182.^ 

ELEOTRIOAL ENGINEER, B. S. degree, 
83, Westinghouse sales course, 15 months sales 
assistant, throe years technical advertising, four 
and one-half years development, sales, surveys 
on oil-electric locomotives. Executive ability. 
Desires sales position electric traction or indus¬ 
trial electrical equipment; or engineering with 
railroad electric-traction department. Refer¬ 
ences. Location will consider. 0-7546. 

GRADUATE ENGINEER with strong 
theoretical background. Extensive practical 
experience in public relations, valuation, rate¬ 
making, special economic studies, investigations 
and research. Well qualified as a junior execu¬ 
tive for large industrial or public utility corpora¬ 
tion, or director of research special investigations 
or publidtiy. Now engaged as executive. 
Available on reasonable notice. <^6733. 

GRADUATE ELEOTRIOAL ENGINEER. 
34; power-house, railroad shop, steel-mill 
electric operation, repol^ and tesji experience; 
powei>plaiit, substation, railroad electrification 
design; posted on economic and funda¬ 

mentals and statistics: six languages. Valuable 
to management, financial. Industrial organiza¬ 
tion. 0-6952. 

ELEOTRIOAL ENGINEER, 36. experienced 
in every phase of oonstruction and 
(including South America), central stations, 
substations, inspections, tests, distribution sys¬ 
tems, pole lines; one year operating. Desires 
position* at home, or abroad, will represent 
manufacturer in BrazU? elsewhere considered. 
Languages. English. French, Portuguese, work¬ 
ing knowledge Spanish. German, Italian. Best 
references. Avi^ble immediately. 0 - 2021 . 

ADVERTISING-ELBOTRIOAL E N GI - 
NBER. 38. extensive and varied career, chiefly 
in executive capacities. Autiior of 
articles. Desires opportunity in advertising 
with either agency, publlshiDg h use or sales 
counsel. Initial salary secondary, where engi^ 
neering background, wide acquaintanceship. 
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origi]ia<llty» ability to analyzOt Oiiid proper per¬ 
sonality, may be capitalized. B-9079. ^ 

GRADUATE ELEOTRIOAL ENGINEER' 
B. S. degree, single, 24. Desires position along 
lines of design, development, or experimental 
work in industrial, railway electridcation, or 
utility fields. Two years’ General Electric 
test. Available now. Location, East or Mid¬ 
dle West. C-4683. 

ENGINEER, E. E. degree, age 30, married. 
Wide experience in layout, design and research, of 
small electrical parts, radio, motion picture and 
sound system apparatus. Desires position in 
laboratory or drafting room. A-1 references. 
Available immediately. Location, Now York 
B-6138. 

ELECTRICAL ENGINEER, 32. married. 
Nine jears' general testing and development 
experience Including railway equipment, with 
^exceptional practical Icnowledge of power mer¬ 
cury arc rectifiers. Desires position in test or 
operating departments, of public utility or elec¬ 
tric railroad. South, East or Chicago. 0-7875. 

ELECTRICAL ENGINEER, 36, single, 
European education. North Ameli'can training, 
good executive, 9 languages. Eight years* 
experience construction, maintenance, operation 
large public utlUty plants. Seven years sales, 
various branches. Expert in exports and 
government supplies. Traveled over the world. 
Adaptable to any country, climate. Available 
now. Desires position abroad. 0 - 8351 . 

ELECTRICAL ENGINEER. 24. married. 
Desires^englneeidng work. Has had experience 
With oscillographs and radio. Holds second 
grade commercial wireless operators license. 
H^ public utiUty tost experience. Also sur- 
vei^g experience. Personal interview desired, 
0-3035. 

SALES AND EXECUTIVE ENGINEER, 
trained at Worcester Polytechnic Institute. Six 
years* sales experience; straight sales engineering, 
jobbing sales, sales promotion and management. 
Has contacted with lectrlcal and mechanical 


companies. Traveled East, Middle West, 
South. Well acquainted with New England. 
0-5431. 

Graduate electrical engineer, 

26. one year’s experience large public utility, 
power engineer, 1y ars research department 
large maniifacturing company, Experienced, 
design of electromagnetic appliances. 
design and equipment layouts. Drafting experi¬ 
ence. Best references. Ability to handle men. 
Desires connection, public utility, motor or 
industrial control manufactiulng. Available 
two weeks * notice. C-7737. 

BLEOTRIOAL-AIEOHANIOAL ENGI¬ 
NEER with extensive and mature experience 
In the United States and foreign fields would like 
a connection where his knowledge and experience 
would be of most benefit, design, specifications, 
estimates construction, superintendence of 
operation power and indxistrial plants, engineer¬ 
ing correspondence, engineering sales—whatever 
you need. 0-408. 

GRADUATE ELECTRICAL ENGINEER, 
age 29, married. Five years* practical experi¬ 
ence construction and maiiitenanco work. 
0-8539. 

SUPERINTENDENT of distribution, 43. 
maiTlod. Electrical and Industrial manage¬ 
ment. Twenty years’ elocti’lc utility operat¬ 
ing experience, in engineering, construction, 
operation, maiutenance of distributing and 
transmission lines, substations, first aid and 
educational work. Has suffleiout public util^iy 
operating experience to qualify for position of 
superintendent. De monstrated record of execu¬ 
tive ability. 0-8411. 

ELECTRICAL ENGINEER, graduate. B. E, 
degree. 28, married. Throe years' experience, 
relays, relay studies large electric power and 
light utility, operating New York City. Three 
years’ testing, design and development work on 
new electrical appliances and materials 
Experience Includes considerable outside con¬ 
tact leading electrical manxifocturers. Available 
immediately. Location. New York City. 
B-8793. 
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Applications 
for Election 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise Indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows Immediately 
after the name. Any member objecting to the 
election of any of thes^ candidates should so 
inform the Secretary before January 31,1931. 

Adams, B. O.. Padfic Tel. & Tel. Oo., Portland. 
Ore. 

Allen, O. S,, General Electric Oo., Schenectady, 
N.Y. 

Altstadt. A. O., T. M. B. R. & L. Oo., Milwau¬ 
kee, Wis. 

Anderson, W. A., United Electric Lt. & Pr. Co., 
New York, N.Y. 

Aranda, P. T., J. P. Azearate S. en O., Mexico 
Olty. Mex. 


Arzadon, P. S., 27 W. Superior St., Ohicago, Ill. 

Atkinson, P. W., General Electric Oo., Sche¬ 
nectady. N. Y. 

Atlee, Z., General Electric Oo., Schenectady. 
N.Y. 

Ball^L, W., General Electric Oo., Philadelphia, 

Baker, R. A., Public Service Elec. & Gas Oo. of 
N. J., Hackensack, N, J. 

Barrett, W. J.. (Member), N. J. BeU Tel. Oo., 
Newark, N. J, 

Bazley, W. J., Jr., Southern New England Tel. 
Oo., Stamford, Cohn. 

Beeman, D. L„ General Electric Oo., Philadel¬ 
phia, Pa. 

Belknap, M. M„ Iowa Railway Sc Light Oorp., 
Perry^ la. 

Berry, W. J., G neral Electric Co., Erie, Pa. 

Bishop, S. J., American Tel. Sc Tel. Oo.. Hart¬ 
ford, Conn. 

Bogdanowaki, J. W., Brooklyn Edison Co 
Brooklyn, N. T. 

Booth, D. M., Ola. Hydroelectrica Guanajua- 
tense, S, A., Mexico City, Mex. 


Borden, A. O., Portland General Electric Co., 
Portland, Ore. 

Boyd, G. G., Public Service Co. of No. HI., 
Evanston, III. 

Bradford, H. E., Westlnghouse Elec. Sc Mfg. 
Oo., Sharon, Pa. 

Bramhall, P, B., Western Union Telegraph Co 
New York, N.Y. 

Brant, T. J., Box 427, Whitby, Ontn. Oiin. 

Brazil, O,. West Coast Power Oo., Shelton, 
Wash. 

Brotz, A. J., Howell Electric Motors Oo., 
Howell, Mich. 

Browne, H. L., (Member), Western Union 
Telegraph Oo., New York, N. Y. 

Browning, G. H., (Member). Doble Engineering 
Co.; National Co„ Winchester, Mass. 

Brune, O., Mass. Inst, of Technology, Cam¬ 
bridge, Mass. 

Bugg. V. M., (Member), General Research 
Oorp,, New York, N. Y. 

Burn, E. M., General Electric Oo., Bridgeport 
Conn. 

Bmner, G. I., Pennsylvania Railinad, Philadel¬ 
phia, Pa. 

Byrne, J. J., General Electric Oo., Lynn, Mass. 

Cameron, H. J., General Electiic Oo., Port 
Wayne, Ind. 

Cassidy, E. O., Reading Railroad Co., Philadeh 
phia. Pa. 

Oerow, J, A., Jr., Brooklyn Edison Oo., Brook¬ 
lyn, N. Y. 

Churchman, A. 0„ Gen ral Electric Go.. Port 
Wayne. Ind. 

Oobb. W. O., Public Service Oo. of Okla„ Tulsa 
Okla. ’ 

Cockrell, B. A., T. M. E. R. & L. Oo„ Milwau¬ 
kee, Wis. 

Oollins, A. K., P. W. Glassol Oo., New York 
N.Y. 

Connor, W, E., Westlnghouse Eloc. & Mfg, Oo. 
East Pittsburgh, Pa. 

Coulter, C. O., General Electric Co., Schenec¬ 
tady, N. Y. 

Ooiirsey, R. W,, Oklahoma Gas Sc Electric Oo,, 
Oklahoma Olty, Okla. 

Oowlos, L. G., Bell Tel. Laboratories, New 
York, N. Y. 

Orampton, R. E., Central Public Service Oo., 
Houghton, Mich. 

Crawford, D. M., Brooklyn Edison Oo.. Brook¬ 
lyn, N.Y. 

Crawford, J. M., Shawlnlgan Water Sc Power 
Co., Montreal, Quo., Oan. 

Croswell, R. A,, Radio Service, Parmlngton 
Palls, Me. 

Dalger, G. P.. Johns Hopkins University. Balti¬ 
more, Md. 

Dannacher, O. W., Westlnghouse Elec, Sc Mfg. 
Oo., East Pittsburgh, Pa. 

Darling, G., Vancouver Technical' School, 
Vancouver, B. O., Oan. * 

Dasha, L. B., Nex^f York Oonlria Railroad Co 
NewYorlc,N. Y. ** 

Davidson, R„ Big Pour Railway, Indianapolis 
Ind. ’ 

Davis, P, A., (Member), Telephone, Bond Sc 
Share Oo., Kansas Oity, Mo. 

deMars, P. A., (Pellow), Tufts College, Boston, 
Mass. 

Demas, G. N., Western Union Telegraph Oo?. 
New York,'^.Y. 

Deming, P. S., Oklahoma Gas Sc Electric Oo.. 
Seminole, Okla. « 

Denton, S, M., U. S. Bureau of Reclamation, 
^Denver, Oolo. 

Detwiler, P, T., Stevens Inst, of Technology. 
Hoboken, N. J. 

D yoe, G. M,, Jr., Bell Telephon Laboratories. 
NewYork.N, Y. 

Diaz G., B., Empresa Tolef. Ericsson, Mexico 
Olty, Max. ^ 

RopubUc Steel Oorp., Chicago, 

Dowell, M. P., General Electric Oo., Bridge¬ 
port, Oonn. 
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Duke, A. M.. tTnlou Electric Lt, & Pr. Oo., 
St. Louis, Mo, 

Ebbler, P. W,, Union Electric Lt. & Pr., Co., 
St. Louis, Mo. 

Eberhard, J. J., General Electric Co., Schenec¬ 
tady. N, Y. 

Edmunds, W. M., University of Arizona, Tuc¬ 
son. Adz. 

Ebrmc^er, W. J., Commonwealth Edison Oo., 
Chicago, III. 

'Ellenberger. W. J., United States Bureau of 
Standards, ’Washington, D. C. 

Ellis. H. E., W stinghouse Elec. & Mfg. Co., 
East Springfield, Mass. 

Endicott, W,, General Electric Co.. Minneap¬ 
olis, Minn. 

Eppley, M.. (Member), Eppley Laboratory, 
Inc,, Newport, B, X, 

Fesperman, H. D., Tallassee Power Co., Badin, 
No. Oar. 

Flt^en, B. J., Englneermg School of Milwaukee, 
Milwaukee, Wis. 

Fishei', S., Allis-Chalmers Mfg. Oo., West Allis, 
Wis. 

Flynn, A. T., General Electric Co., Bridgeport. 
Conn. 

Forsyth, H. D.. Appalachian Electric Power Co., 
LynchbiUTg, Va. 

Framme, R. J., Bell Tel. Laboratories, New 
York. N. y. 

Frankenfield, M. W„ General Electric Co., 
Philadelphia, Pa. 

Fredendall, B.. National Broadcasting Co., 
New York, N.y. 

Fretz, O. G.. Southwestern Bell Tel. Oo., Okla¬ 
homa City, Okla. 

Fruhner, E. T., American Tel. & Tel. Co., New 
York. N.y. 

Fuller, L., Westinghouse Elec. As Mfg. Co., 
East Pittsburgh, Pa. 

Gallup, B. K., B. O. A. Communications, Inc., 
Rocky Point, N.Y. 

Gardner, J. B., Cincinnati & Suburban Bell Tel. 
Oo., Cincinnati, Ohio 

Gehrke, J, W., Dayton Pr. & Lt. Co.; Union 
Gas Sc Elec. Oo., Dayton, Ohio 

Gilbert, D. O., New Jersey Bell Tel. Co., New¬ 
ark. N.J. 

GIU, R. L., Public Service Oo. of No. Ill., Wau¬ 
kegan, Ill. 

Goulding, H., New York Edison Co., New York, 
N.Y. 

Gowans, F. D., General Electric Co., Erie, Pa. 

Graf, J, J., (Member), D. L. Sc W. R. R., Scran¬ 
ton, Pa. 

Granbols, K J., Penna. Water Sc Power Oo,, 
Holtwood, Pa. 

Gray, A. W., R. O. A. Communications, Inc., 
Bolinaa, Calif. 

Greenwood, J., 607 West St., New York. N. Y, 

Grueter, F. J., National Electric Light Associa- 
tloir. New York, N.Y. 

Gunther, E. T.,*GeaeraL Cable Oorp., Dallas, 
Tex. 

Hall, G. O., General Electric Oo., Schenectady, 
N.Y. 

Hamilton, R. W., Dominion Electric Protection 
Co.,"Montreal, Que., Can. 

Hammett, O, B., University of Nebraska, 
Lincoln, Nebr. 

Hammond, H, K., Metropolitan Edison Co., 
Reading, Pa, 

Handley, W, H., United Engineers Sc Construe- 

. tors, Ihc., Philadeipbla, Pa. 

Hango. J. B., Duke-Price Power Oo.. Isle 
Haligne, Que, Can. 

Hanson, D, H., General Electric Co., Port 
Wayne, Ind. 

Hayes, Y. J., Conn. Light Sc Power Oo., Water- 
buryi Conn. 

Hays, D., (Member), General Electric Oo., 

^ Bridgeport, Conn. 

Hearson, L. T., American Tel. Sc Tel. Co.. 
Chicago, til. 

Bfickey, J, P.,^Cincinnati As Subtxrban Bell Tel. 
Ob., Oinchihati, Ohio 


Hill, L. W.. (Member), Southern Bell Tel. Sc Tel. 
Co., Atlanta, Ga. ' ' 

Hillis, H. F., Worcester Polytechnic Institute, 
Worcester, Mass. 

Hlnz. H., D. L. Sc W. R. R.. Hoboken. N. J. 

Hlvelv, M. W., General Electric Co.. Pittsfield. 
Mass. 

Hoffman, H., (Member), Erikson Electric Oo., 
New York. N. Y, 

Holdaway, V. L., Bell Telephone Laboratories, 
New York. N. Y. 

Hoop, J. G., Westinghouse Elec, Sc Mfg. Co., 
East Pittsburgh, Pa. 

Homberger, F. W„ Commonwealth Edison Co., 
Chicago, Ill. 

Howells, T., Jr., General Electric Oo., Sche¬ 
nectady, N. Y. 

Huggins, A. H., Weirton Steel Co., Weirton, 
W. Va. 

Hutchins, B. M., Penna. Power Sc Light Co., 
Allentown, Pa. 

Hyatt, W. R., Hydro Electric Power Comm, of 
Ontario, Toronto, Ont, Can. 

Ingram, A. G., Illinois Steel Oo , South Chicago. 
Ill. 

Irvine. T. F., (Member), Indiana Bell Tel. Co., 
Indianapolis. Ind 

Jaffe, J. J., 118 Provldenco St„ Worcester, 
Mass. 

Johnson, B. W., Western Union Tel. Co., New 
York, N.Y. 

Jones, V. B., Westinghouse Elec. Sc Mfg. Co., 
East Pittsburgh, Pa. 

Karageorges, G. P., 1037 Berwyn Ave., Chicago, 
lU. 

Khanna, M. L., Engineering School of Mil¬ 
waukee, Milwaukee, Wis. 

Koemer, B. A., General Motors Radio Corp., 
Dayton, Ohio 

Larson, L. M.. U. S Navy, U, S S. Lexington. 
San Pedro, Calif. 

Lawaetz, F. O.. F. L. Smith & Co.. New York, 
N.y, 

Laws, H. S., General Electric Co., Schenectady. 
N.Y. 

Leach, J. L,, National Electric Light Associa¬ 
tion, New York, N. Y. 

Lear, O. M., General Electric Co,, Schenectady. 
N.Y. 

Levlnton, H. L., Mass. Inst, of Technology, 
Cambridge, Mass. 

Lott, B. J., New Jersey Bell Tel. Co., East 
Orange, N. J. 

Loucks, I. H., Baird Hardware Co , Gainesville, 
Fla. 

MacGregor, J. G., Canadian UtlHties, Ltd., 
Calgary, Alberta, Can. 

Malkin, A.. Boss Sc MacDonald, Inc., Montreal, 
Que., Can. 

Manning, E. W., General Electric Oo., Schenec¬ 
tady, N.Y. 

Marr, J. S., Michigan Alkali Co., Wyandotte, 
Mich. 

Maseng, T., Byllesby Bngg. Sc Mgt. Oorp., 
Chicago, Ill. 

Massenburg, W. B., Westinghouse Elec. Sc Mfg. 
Oo., East Pittsburgh, Pa. 

Mattson, W. W., Hartford Steam Boiler Inspec¬ 
tion Sc Insurance Co.. Hartford, Conn. 

Maurer, G. P., The Falk Oorp., Milwaukee, Wis. 

Maxwell, A; F., Lake Erie Pr. Sc Lt. Oo., Fre¬ 
mont, Ohio 

Maynard, N. A.. Associated Gas Sc Electric 
System, Oambridge, Mass. 

McOammon, J. W., (Member), Beauhamoia 
Power Oorp., Montreal, Que., Can. 

McDonald, O. J., Western Electric Co., Chicago, 
Dl. 

McBanney, J. H,, (Member), Dept, of Com¬ 
merce, Dallas, Tex, 

Mellrad, H, B., Commonwealth Edison Oo., 
Chicago. HI. 

Menendez, B. A., Milwaukee Electric Ry. Sc 
Lt. Co., Milwaukee, Wis. 

Metcaffe, D., American Tel. Sc Tel. Oo., New 
York, N.y. 
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Metz, H. E.. Landers. Frary Sc Clark, New 
Britain, Conn. * 

Mler,* F. O., J. F. Azearate S. en O., Mexico 
City, Mex. 

Miles, L. P., Station WHP, Harrisburg, Pa. 

Miller, E. H., Hansas Gas Ac Electric Co,, 
Wichita, Hans. 

Mlllmann, E. H.. AUis-Ohalmers Mfg. Oo., 
Milwaukee, Wis. 

Mitchell, O. V., U. S, Patent Office, Washington, 
D O. 

Momingstern. W. B., Western Electric Co., 
Kearny, N. J. 

Mowpy, K, W., Allied Engineers, Inc., Grand 
Rapids. Mich. 

Mueller, B., Bell Telephone Laboratories, New 
York, N. Y. 

Murray, W. K., General Electric Co.. Schenec¬ 
tady, N. Y. 

Newman, A. F., Ford Motor Co., Dearborm 
Mich. 

Nordllng, H. G., Alaska Jimeau Gold-Mining 
Co., Juneau. Alaska 

Norris, O. B., Tulane University, New Oriewis, 
La. 

OrreU, H., Diehl Mfg. Co., Bllzabethport, N; J. 

Overstreet, J. S„ General Electric Co., Schenec¬ 
tady, N. Y. 

Parker, W. H., Jr., Mass. Inst, of Technology, 
Oambridge, Mass. 

Parrott, W. G., Jr., Tennessee Electric Power 
Co., Chattanooga, Tenn. 

Peterson, E. L., (Member), American Gas Ac 
Electric Co., New York, N. Y. 

Pfelff, O. A., Warner Bros., Studios, Brooklyn, 
N. Y. 

Plckslay, W. M.. Jr., Allis-Chalmers Mfg. Oo„ 
West Allis. Wis. 

Porter, L. F., New York Edison Co., New York. 
N. Y. 

Protzman, R. E., New York Sc Queens Elec. 
Lt. Sc Pr. Oo., Flushing, N, Y. 

Quirlno, F., AUen-Bradley Co., Milwaukee. Wis. 

Ratzman, H. A., Wisconsin Telephone Co., 
Milwaukee, Wis. 

Record, L. E., General Electric Co., Schenec¬ 
tady. N.Y. 

Reed, J. F., Jr., Bell Tel. Oo. of Pa., Pittsburgh, 
Pa. 

Reeves, W. O., Atlantic Refining Oo., Philadel¬ 
phia, Pa. 

Richards, W. N.. N. Snellenbupg Sc Oo., Phila¬ 
delphia, Pa. 

Rlppere, R. O., Bell Telephone Laboratories, 
NewYork. N. Y, 

Robert, L. W., Jr., Robert Ac Oo., Inc,, Atlanta, 
Ga. 

Roberta, W. P., Monongahela West Penn PubUc 
Service Oo., Fairmont, W. Va. 

Robinson, L. L., Worcester Polytechnic Insti¬ 
tute, Worcester, Mass. 

Roede, O. B., Sperry Products, Inc., Brooklyn, 
N.Y. 

Rosti, A., Route 3, KeUerton, la. 

Both, O. W., Roth BrCs. Sc Oof, Chicago, Ill. 

Roush, O. G., Westinghouse Elec. &‘Mfg. Oo., 
Kansas City, Mo. 

Rummel, G, A., Jr., Chicago Surface Lines, 
Chicago, 111. 

Russell, A. W., Buckeye Cotton Oil Oo., Mem¬ 
phis. Tenn. 

Russell. W. F., HaU Ae Connolly, Inc., New 
York, N,Y. 

Sailer. L. R., Columbia University, New York, 
N.Y. 

Saylor, B, R,, Gener^ Electric Oo., Schenec¬ 
tady, N.Y. 

Scheuerman, B. W., Pillar Electric Oo., Chicago, 

ril. 

Schmidt, P. O., New York Edison Co., New 
York, N. Y. 

ScoviUe, M. Em General Electric Oo., Schenec¬ 
tady. N. Y. 

Shafer, A. J., Wisconsin Pr. Sc Lt, Co., Madison. 
Wis. 

Shaw, J., 304 Denton Ave., Lynbrook, N. Y. 
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Sbav, W. H.t HotistOD Iiighting & Power Co.. 
Houston. Tex. « 

Skipper, E. M., Lock Insulator Oorp., 
more. Md. 

Smith, D. E., OklalLoma Gas & Electric Co., 
Bristow. Okla. 

Somers, F. J.. Bell Telephone Laboratories. Inc.. 
New York, N. Y. 

Sowers, L. H.. General Electric Oo.. Schenec¬ 
tady. N. Y. 

Stay, O. A., United Electric Lt. & Pr. Oo., New 
York. N. Y. 

Stiles, M. B., Bell Telephone Laboratories. 
New York, N. Y. 

Stoddard, H. E., Thomson Gibb Elec. Welding; 
Oo., L 3 nin, Mass. 

Stoker, J., 156 N. Grant St., Lafayette, Ind. 

Stoody, B. E.. Oline Electric Mfg. Oo., Ohicago, 

^ lU. 

SulUva^, T. H.,< Kuggles-Ellngemann Mfg. Co., 
Salem, Mass. 

•Sweet, A. L., General Electric Oo., Schenectady, 
• N.Y^ 

Swerdlow, N., General Electric Oo., Philadel¬ 
phia, Pa. 

Taylor, B. S., Philadelphia Electric Oo., Phila¬ 
delphia, Pa. 

Teker, J. W., General Electric Oo., Erie, Pa. 

Teuscher, F. P., Hydroelectrica Guanajuatenso 
S. A., Mexico, D. P., Mex. 

Theophilus, B. H., Westihghouse Eloc. & Mfg. 
Oo., East Pittsburgh, Pa. 

Thompson, H. M., HoUis French Sc Allen Hub¬ 
bard, Engrs., Boston, Mass. 

Thompson, P. S., General Oable Oorp., Fort 
Wayne, Ind. 

Torgersen, H., New York University, New York, 

N. Y. 

Valler, O, B„ Jr., Southwestern Bell Tel. Oo., 
St. Louis, Mo. 

VarMal, V. K., Western Electric Oo., lnc„ 
- Kearny, N. J. 

Vaughan, O. F., General Electric Oo., Pittsfield, 
Mass. 

Viola, A. G., Wagner Electric Oorp., St. Louis, 
Mo. 



Institute Officers 1930-1931 

President 

(Term expired July 31, 1931) 
WILLIAM S. LEE 

Junior Past Presidents 

(Term expires July 31, 1931) 

R. P. SOHUOHABDT 

(Term expires July 31, 1932) 
HAROLD B. SMITH 

Vice-Presidents 
(Terms expire JTuly 81, 1931) 
HERBERT S.'EVANS (District No. 6 ) 

W, S. RODMAN (District No. 4) 

O. E. FLEAGBR (District No. 8 ) 

B. O. STONE (District No. 2) 

O. E. SISSON (District No. 10 ) 

(Terms expire July 31, 1932) 

H. V. CARPENTER (Distarict No 9) 

G. O. SHAAD (District No. 7) 

I. E. MOULTROP (District No. 1) 

H.P.OHARLESWORTH(Distrlct No. 3} 
T. N. LACY (District No. 5) 


Wall,* C. T., The Northwestern Bell Tel. Oo., 
Minneapolis, Minn. 

Watson, H. E., Columbia Engg. & Mgt. Oorp., 
^Cincinnati, Ohio 

Way, D. M., General Electric Co., Schenectady, 
N. Y. 

Webb, O. O., Armstrong Cork Oo., Lancaster, 
Pa. 

Weigle, R. M., General Electric Oo., Erie, Pa. 

Wheeler, L. B., Western Union Telegraph Oo., 
Now York, N. Y. 

Wilkins, W. G., Key Boiler Equipment Oo.. 
East St. Louis, Ill. 

Willoch, H., Alan Wood Steel Oo., Oonsho- 
hocken. Pa. 

Wilson, T. A., General Electric Oo.. Pittsfield, 
Mass. 

Winckler. R. H„ Public Service Elec. Sc Gas Oo., 
Roseland, N. J. 

Wisbon, O. B., Lake Erie Pr. & Lt. Oo., Fre¬ 
mont, Ohio 

Wortman, W, J., General Electric Oo., Schenec¬ 
tady. N.Y. 

Wright, O. O., St. Louis Public Service Oo., 
St. Louis. Mo. 

(Applicant for re-election) 

Wurzbach, H. A., American Tel. & Tel. Oo., 
Denver, Colo. 

Total 234 


Foreign 

Federici, M. E., International Tol. & Tel. Lab., 
Inc., London, Eng. 

Gillon, E. G., University of Louvain, Louvain, 
Belgium 

Hayward, G. B., Ebro Irrigation Sc Power Co., 
Xjerida, Spain 

Kahale, N., Tramways Sc Electricite de Damas, 
Damascus, Syria 

Miridjaniau, N. M., Oolumbia Graphophone 
Oo., Istanbul, Turkey 

Nakashldze, D. M., (Prince), Ford Motor Oo. 
Exp., Inc., Istanbul, Turkey 

Roy, B. B., Ahmedabad Electricity Oo., Ltd., 
Ahmedabad, India 

Total 7 


Directors 

. (Terms expire July 31, 1931) 

F. O. HANKER 

E. B, MEYER 

H. P, LIVERSIDGE 

(Terms expire July 31,1982) 

J. ALLEN JOHNSON 

A. M. MaoOUTOHBON 

A. E. BETTIS 

(Terms expire July 31,1033) 

J. B. KEARNS 

F, W. PEEK, JR. 

O. E. STEPHENS 

(Terms expire July 31,1934) 

A. B. cooper 

A. E. KNOWLTON 

R. H. TAPSOOTT 

National Treasurer 

(Term empires July 31,1931) 

W. I, SLIGHTER 


National Secretary 

(Term expires July 31, 1931) 

F. L. HUTCHINSON 

General Counsel 
PARKER Sc AARON 
30 Broad Street, New York, N. Y. 

Local Honorary Secretari s 

T. J. FI ming, Oalle B. Mitre 519, Buenos Aires, 
Argentina, S. A. 

H. W. Flashman, Aus. Westinghouse Elec. Oo.. 
Ltd., Oathcart House, 11 Oastlereagh St., 
Sydney. N. S. W., Australia. 

Frederick M. Servos, Rio de Janeiro Tramways 
Lt. Sc Pr. Oo., Rio d Janeiro, Brazil, S. A. 

A. P. M. Fleming, Metropolitan Vickers Elec. 
Co., Traflord Park, Manchester, England. 

A. S. Garfield, 173 Boulevard Haussmann, 
Paris ( 8 e), France. 

Renzo Norsa, Via Caravaggio 1, Milano 25, Italy. 

P. H. Powell, Canterbury Oollege, Ohristchurch, 
New Zealand. 

M. Oliatelain, Iiesnol Polytechnic Institute. 
Apt. 27, Leningrad, U. S. S. It. 

Axel F. Enstrom, Ingeniorsvetonskapsakade- 
mien, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, 
Transvaal, Africa. 


GENERAL COMMITTEES 


Executive Committee 

W« S. Lee, Ohoirman, 535 Fifth Avenue. New 
York, N. Y. 

J. Allen Johnson, W. I. SUchter, 

A. M. MacOutcheon, Harold B. Smith, 

I. E. MouHrop, O. E. Stephens. 


Finance Committee 

0. E. Stephens. Chairman, Westinghouse E. Sc 

M. Oo., 150 Broad\vay, New York, N. Y. 
H. P. Oharlesworth, B. B. Meyer. 

Meetings and Papers Gommitt e 
A. E. Knowlton, Ohairman, Electrical World, 
10th Ave. Sc 36th St., New York, N. Y. 

O. S. Rich, Secretary, 33 W. 39th St., New York, 

N. Y. 

V. Bush. W. H. Harrison. 

W. S. Gorsuch, O. E. Skinner, 

T. A. Worcester. 


Ohairman of Committee on Ooordinatlon of 
Institute Activities, er’’Ojfflcto, ^ 
Chairmen of Technical Committees, ex-oJTicio, 

Publication Committee 
W. S. Gorsuch, Ohe^rmon, 600 W. d9th St.. 
New York, N.Y. 

H. P. Oharlesworth, A. E. K^owRon, 

F. L. Hutchinson, E. B. Meyer. 

Committee on Coordination of 
Ins|itute Activities 

H. P. Oharlesworth, Ohairman, 463 West St., 
N^w York, N. Y. 

W. S. Gorsuch, Everett S. Lee, 

F 4 L. Hutchinson, E. B. Meyer, 

A. E. Ehowlton,. O. E. Stephens. 


Board of Examiners 
H. W. Drake, Ohairman, Western Union Tele¬ 
graph Co., 60 Hudson St., Now York, N, Y, 
H. A* Currie, R. H. Marriott, 

H. Goodwin, Jr. L. W, W. Morrow, 

S. P. Grace, A. L. Powell. 

A. H. Kehoe, W. R. Smith, 

H. A. Kidder, S. D» Sprong, 

R. H. Tapscott. 
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Sections Committee 

Everett S. Lee. Ohairman, General Electric Co.» 
Schenectady, N, Y. 

W. B. Kouwenhoveu, I. M. Stein, 

W. S, Bodman, W. H. Tlmbi 

Chairmen of Sections, ex-oJSflcio. 

Com^mittee on Student Branches 
W, H. Tlmbie. Ohairman, Massachusetts Insti¬ 
tute of Technology, Cambridge, Mass. 
Herbert S. Evans, Charles F. Scott, 

F. O. McMillan, W. J. Seeley. 

Student Branch Counselors, ex-oSicio, 

Membership Committee 
J. Allen Johnson, Chairman, Room 302, Elec¬ 
tric Building, Buffalo, N. Y. 

Vic^ Chairmen 

E. P. Coles, 0. R. Jones, 

0.1. Cone, R, L. Kirk. 

Herbert B. Dwight, T. G, LeOlair, 

E. F. Gehrkens, D. W. Proebstcl. 

James Harrison, B. M. Wood. 

Ex*ojfficio 

Chairmen of Section Membership Committees. 

Headquarters Committee 

R. H. Tapscott, Chairman, 124 B. 16th St., 
New York, N. Y. 

F. L. Hutchinson, C. E, Stephens. 

Law Committee 

E. B. Meyer, Chairman, 70 Park Place, Newark, 

N. J. 

O. O. Blckelhaupt, L. F. Morehouse, 

H. A. Kidder, W. I. Slichter. 

Public Policy Committee 
Bancroft Gherardi, Ohairman, 196 Broadway 
New York, N. Y. 

O, O. Ohesney, Harris J. Ryan, 

F. B. Jewett, R, F. Schuchardt, 

Farley Osgood, Harold B. Smith. 

Standards Committee 

F. 0. Newbury, Chairman, Westlnghouse E. & 

M. Co., East Pittsburg, Pa. 

O. M, Gilt, V. M. Montsinger, 

O. R. Harte, L. T. Robinson, 

A. M. MacOutcheon, O. B. Skinner, 

J. F. Meyer, W. I. SHchter. 

Ex-^ffieio 

Ohaiimen of Working Oommittees. 

Chairmen of A. I. E. E. delegations on other 
standardizing bodies. ** 

President of U.S. National Committee of I. B. O. 

Edison Medal Committee 

Appointed by the President for term of flue years* 

(T rms expire July 31, 1931) 

John W. Howell, L. F. Morehouse, 
David B. Rushmcre. 

(Terms expire July 31, 1932) 

H, P. Charles worth, Paul M. Lincoln, 

O. E. Skinner. 

(Terms expire July 31, 1933) 

0. O. Jackson, Chairman. 

O. F. Harding. P. A. Scheflfler. 

(Terms expire July 31; 1934) 

L. W. W. Morrow, W. S. Rugg, 

R* F. Sdmch^dt. 

(Terms expire July 31, 1935) 

O. r, Burkhplder, F. A. Gaby, 

^Harris J, Ryan. 
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Elected by the Board of Directors from jts^ own 
membership for term of two years. 

(Terms explr July 31, 1931) 

J. Allen Johnson, E. B. Meyer, 

A. M. MacOutcheon. 

(Terms expire July 31, 1932) 

A. £. IDiowlton, Harold B. Smith, 

B. H. Tapscott. 

Ex-officio 

William S. Lee, President, 

W. I. Slichter, National Treasurer. 

F. L. Hutchinson, National Secretary. 

Lamme Medal Committee 

(Terms expire July 31, 1931) 

Charles P. Scott, Ctoirman. 

H. H. Barnes, Jr., N. W. Storer. 

(Terms expire July 31, 1932) 

H. P. Oharlesworth, O. O. Ohesney, 

R. B. Williamson. 

(Terms expire July 31, 1933) 

Ralph D. Mershon, Julian C. Smith, 
Percy H, Thomas. 

Committee on Code of Principles of 
Professional Conduct 
Frank B, Jewett, Chairman, 195 Broadway, 
New York, N. Y. 

A. H. Babcock, R. F. Schuchardt, 

G. Faccloli, C. E. Stephens, 

Harris J. Ryan, John B. Whitehead, 

Committee on Award of Institute 
Prizes 

A, E. Knowlton, Chairman, Electrical World, 
10th Ave. & 36th St.. New York, N. Y. 

L. W. Chubb, W. S. Gorsuch. 

Committee on Safety Codes 

A. W. Berresford, Chairman, 420 Lexington 
Ave., New York, N. Y. 

F. V. Magalhaes, Vice-Chairman. 

A. B. Bettis, R. W, E. Moore. 

J. O. Forsyth, John D. Noyes, 

H. B. Gear, F. A, Pattison. 

F. 0. Knight, H. R. Sargent, 

M. G. Lloyd, H. R. Searing, 

Wills MaclachlaiL, H. S. Warren. 

Committee on 

Columbia University Scholarships 
W. I. Slichter, Ohairman. Columbia University, 
New York, N. Y. 

Francis Blossom, H. O. Carpenter. 

Committee on the Engineering 

Profession 

H. A. Kidder, Ohairman, 600 W. 69th St., New 
York, N. Y, 

J. P. AlexEmder, John O. Parker,’ 

T. F. Barton, John R. Price, 

B. M. Brigman, Herbeort S. Sands, 

H. P. Oharlesworth, M. R. Scharfl, 

L. F. Leup^, H. H. SchooMeld, 

L. W. W. Morrow, W. 1. Slichter, 

J. £. Thomas. 

Advisory Committee to the Museums 
of the Peaceful Arts 
J. P. Jackson, Ohairman, N. Y. Edison Co., 130 

B. 15th St., New York, N. Y. 

O. O. Blckelhaupt, Randolph H, Nexsen. 

Comniittee on Popular Science 
Award 

A, B. Knowlton, Ohairman. Electrical World, 
10 th Ave. & 36th St., N^w York, N. Y. 

H. P. Oharlesworth, O, E. Stephens* 


TECHNICAL COMMITTEES 
Automatic Stations 

F. Zogbaum, Chairman, N. Y. Edison Co., 4 

Irving Place, New York, N. Y. 

Chester Licbtenberg. Secretary. General Elec¬ 
tric Oo., 0901 Elmwood Ave., Philadelphia, 
Pa. 

F. F. Ambuhl, I. E. Moultrop, 

L. D. Bale, M. E. Reagan, 

O. W. Colvin. O. J. Rotty, 

A. M. Garrett, Garland Stamper, 

Joseph Hellenthal, D. W, Taylor, 

O. A. Mayo, L. J. Turley. 

Communication 

G. A. Kositzky, Ohairman, Ohio Boll Telephon/i 

Oo., 750 Huron Road, Cleveland, Cfhlo. 

H. S. Osborne, Vice-Chairman. 

H. M. Bascom, Erich Hausmann, 

G. R. Benjamin. H. L. Hube:*, 

B, K. Boyce, O. P. King, Jr., 

A. F. Brooks, R. H. Manson, 

W. H. Capen, John Mills, 

J. L. Clarke, J. W. Milnor, 

R. N. Conwell, J. L. Niesse, 

B. R, Oummlngs. F. A. Raymond, 

H. W. Drake, . H. A. Shepard, 

R. 0. Evans, H. S. Sheppard, 

C. E. Fleager. A, N. Symos, 

D. H. Gage, H. M. Turner, 

S. P. Grace, F. A. WollT. 


Education 

W. R, Work, Ohairman, Oarnegte Institute of 
Technology, Pittsburgh. Pa. 

M. W. Alexander, H. H.. Henline, 

B. W. Allen, E. A. Loew, 

J. W. Barker, A. H. Lovell, 

Edward Bennett, H. S. Osborne, 

P. S. Biogler, H. W. Price, 

H, W. Buck. W. S. Rugg, 

R. F. Chamberlain, W, T, Ryan, 

O. R. Dooley, R. P. Schuchardt, 

H. B, Dyche, G. B. Thomas, 

O. J. Ferguson, W, H. Timble, 

W. E. Wlclcenden. 


Electrical Machinery 

Philip L. Alger, Ohairman, General Electric Co., 
Schenectady, N. Y. 

E. B. Paxton, Secretary, General Electric Co., 
Schenectady, N. Y. 

L. F. Adams, J. Allen Johnson, 

B. L. Bams, H. O. Louis, 

W. M. Dana, A. M. MacOutcheon, 

H. B. Dwight, O. K. Marti. 

C. M. Gilt, V. M. Montsinger, 

T. T. Hambleton, E. L. Moreland, 

A. L. Harding, F. D. Newbury, 

C. F. Harding, R, W. Owens. 

S. L. Henderson, A. M. Rossman, 

L. F, Hickemell, R. B. Williamson, 

H. L. Zabriskle. 


Electrochemistry and 
Electrometallurgy 

P. H. Brace, Ohairman, Westlnghouse E. & 
M. Oo., East Pittsburgh, Pa. 

Lawrence Addicks, J. A. Seede, 

T. O. Atchison, Q. B. Sisson, 

Fwl y G. Olark, H, Speight. 

S. K. Colby, Magnus Unger, 

J. O. Hale, G. W. Vinal, 

F. O. Hauker. J. B. Whitehead, 

W. E. Holland, B. A, Williford, 

F. A. Lldbu^, J. L, Woodbridge, 

R. G, Mansfield, O. 0. Woodward. 
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Electric Welding 

P. P. Alexander, Chairman, General Hlectrlc 
Co., River Works, West Lynn, Mass. 

O. A. Adams, J. E. Kearns, 

A. M. Candy, J^O. Linccdn, 

Ai xander Churchward, Ernest Lunn, 

S. Dushman, B. T. Mottlnger, 

P. M. Farmer, J. W. Owens, 

H. M. Hobart, J. Sleptan, 

C. J. Holsiag, William Spraragen. 

Electrophysics 

O. E. Buckley, Chahrman, 463 West Street, New 
York, N. Y. 

W. S. Gorton, Secretary. 463 West Steeet, New 
York, N. Y. 

V. Bush, G, M. J. Mackay, 

W. jgl. Cady, K, B. McEachron, 

W. F. Davidson, L. W. McKe^an, 

b. L. Fortescue, H. Nyquist, 

B. JCouwenhoven, W. S. Rodman, 

J. Slepian. 

Liaison Heprescntdtives of American Physical 
Soeieiyi 

Professor Leigh Page, Dr. W. F. G, Swann. 

General Power Applications 

O. W. Drake, Chairman, Westinghouse E. & 

M. Co.. East Pittsburgh, Pa. 

E. A. Armstrong, John Morse, 

James Clark, Jr. N. L. Mortenson, 

J. F. Gaskill, A. M. Perry, 

Clyd^ D. Gray, D. M. Petty, 

John Grotzlnger, P. O. Prior, 

Fraser Jeffrey, H, W. Rogers, 

A. M. MacCutcheon, L. D. Rowell, 

H. A. Maxfleld, M. R. Woodward, 

Instruments and Measurements 

E. J. Rutan, Chairman, New York Edison Co., 
92 Vaqdam St., New York, N. Y. 

B. T. Pierce, Secretary, Weston Elec. Instru¬ 
ment Oorp., 678 Frelinghuysen Ave., 
Newark, N. J. 

H. S. Baker, W. N. Goodwin, Jr., 

P. A. Borden, I. F. Kinnard, 

H. B. Brooks, O. A. Knopp, 

O. J. Bushnoll, A. E. Knowlton, 

A. L. Cook, H. C. Koenig, 

E, D. Doyle, W. B. Kouwenhoven, 

Melville Eastham, F. A. Laws, 

R, O. Fryer, E. S, Lee, 

J. B. Gibbs Paul MacGahan, 

W. J. Shackelton. 


Applications to Iron and Steel 
Production 

A. C. Cummins, Chairman, Carnegie Steel Co., 
Duquesne, Pa. 

F. B. Crosby, F. O. Schnure, 

M. M. Fowler, W. B. Shirk, 

S. L. Henderson, G. E. Stoltz, 

A. M. MacCutcheon, Wilfi^d Sykes, 

A. G. Pierce, T. S. Towle, 

H. A. Wlnne. 

Production and Application of Light 

George S. Merrill, Chairman, Nela Park, Cleve¬ 
land, Ohio. 

J. W. Barker, L. A. Hawkins, 

A. E. Bettis, H. H. Higbie, 

W. T. Blackwell, W. O. Kalb, 

H. S. Broadbent, C. L. Kinsloe, 

J. M. Bryant, R, D. Mailey, 

W. T, Dempsey, P. S. MlUar, 

E. E. Doriing, C. J. Stahl, 

G. H. Stickn y. 
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^Applications to Marine Work 
B. A. Beekman, Chairman, General Electric Co., 
Schenectady, N, Y. 

H.*F. Harvey, Vice-Chairman. 

J. Y. Wilson, Secretary, American Bureau of 
Shipping, 24 Old Slip. Now York. N. Y. 
Edgar O, Alger, I. H. Osborn , 

H. C. Coleman. G, A. Pierce, 

E. M. Glasgow, W. H, Reed. 

O. J. Henschel, . Edgar P, Slack, 

Wm. Hetherlngton, Jr., H, M, Southgate, 

H. L. Hibbard, W. B, Thau, 

J. E. Kearns, A. E. Waller, 

A. Kennedy. Jr., Oscar A. Wilde, 

J. B. Lunsford, R. L, Wltham, 

W. N. Zippier. 


Applications to Mining Work 

Carl Lee, Chairman, 20 North Wacker Drive, 
Chicago, Ill. 

A. R. Anderson, J. E. Kearns, 

Graham Bright, W. H. Lesser, 

John H, Edwards, D. E. Renshaw, 

Prank E. Fisher, W. P. Schwedes, 

E. J. Gealy, F. L. Stone, 

L. C. Ilsley, B. F. Tillson, 

J. F. Wiggert. 

Power Generation 

F. A. Alluer, Chairman, Lexington Building, 
Baltimore, Md. 

J. R. Balcer, Secretary, 1611 Lexington Building. 
Baltimore, Md. 

F. A, Annett. G. A. Jessop, 

T. J. Bostwick, H. W, Leltch, 

J. B. Crano, E. B. Meyer, 

H. W. Bales, E. L. Moreland, 

N. E. Funk, I. E, Moultrop, 

D. L. Galusha, G, E. Qulnan, 

R. B. Gerhardt, F. A. Scheflfier, 

W. S. Gorsuch, A. E. Silver, 

F. O, Hanker, W, P. Sims, 

O. P. Hirshfeld. A. R. Smith. 

F. H. Hollister, E. O. Stone, 

A. H. Hull, R. W. Stovd. 


Power Transmission and Distribution 
P. H. Chase, Chairman. PhUadolphia Electric 
Co., 900 Sansom St., Philadelphia, Pa. 

R. N. Oonwell, Vice-Chairman. 

E. T. J. Brandon, J. P. JoUyman, 

O. I. Burkholder, A. H. Lawton, 

A. B. Campbell, L. L. Perry, 

O.^V. Christie. T. F. Peterson. 

O. G. C. Dahl. D. W, Roper, 

Harold C. Doan, A. E. Silver, 

L. L. Elden, D. M. Simmons, 

H. S. Evans, O, T. Sinclair, 

R. D. Evans, L. G. Smith, 

F. M. Farmer, Philip Spom, 

J. H. Foote, 0. F. Wagner, 

L. F. Hickernell, H. S. Warren, 

K. A. Hawley, T. A. Worcester. 

Protective Devices 

Raymond Bailey, Chairman, Philadelphia Elec¬ 
tric Co., 000 Sansom St., Philadelphia, Pa. 

L. E. Frost, Secretary, Brooklyn Edison Co., 
380 Pearl St., Brooklyn, N. Y. 

J. B, Allen, M. G. Lloyd, 

A. O. Cummins, J. P. McKearln, 

H. W. Drake, H. A. McLaughlin, 

W. S. Edsall, A. M. Rossman, 

W. W. Edson, A. H. Schlrmer, 

L. E. Frost, H. K. Sols, 

E. E: George, H. P. Sleeper, 

H. Halperin, E. R: Stauflacher, 

F. O. Hanker, H. R. Summerhayes, 

E. A. Hester, E. M. Wood, 

L. F. Backemell, H. B. Wood. 


Research 

L, W. Chubb, Chairman, W. E. & M. Co., East 
Pittsburgh, Pa. 

H. D, Arnold, V- Karapetoff, 

Edward Bennett, A. E. Kennelly, 

W. G, Cady. J. K. McNcely, 

E. H. Colpltts. F. W. Peek, Jr., 

B. O. Crittenden. Hubert H. Race, 

W. F. Davidson, O. W. Rice, j 
W, P, Dobson, D. W. Roper, 

F. M. Farmer, T, Spooner, 

J. Allen Johnson. J. B. Whitehead. 

Transportation 

Sidney Withlngton, Chairman, N. Y., N. H. & 
H. R. R. Co., New Haven, Conn. 

Philip P. Ash. Ivan Ofverholm, 

Reinier Boeuwkes, H. Parodi, 

A. E, Bettis, W. B. Potter, 

J. V. B. Duer, Ralph H. Rice, 

H. H, Field, A. S. Richey, 

Ira W. Fisk, S. A. Spalding, 

W. A. Giger, N. W. Storer, 

K. T. HoaLy, W. M. Vanderslula. 

D. O. Jaclcson, Richard H. Wheeler. 

John Murphy, R. P. Winton, 

G. I. Wright. 

INSTITUTE REPRESENTATIVES 

Alfred Noble Prize Committee 

A. E. ICnowlton. 

American Association for the 
Advancement of Science Council 

O. J. Ferguson, O. E. Sldnner. 

American Bureau of Welding 

H. M, Hobart. 

American Committee on Electrolysis 

B. J, Arnold, N, A. Carle. 

P, N. Waterman. 

American Engineering Council 
Assembly 

A. W. Borresford, I. B. Moultrop* 

C. O. Blckolhaupt, Farley Osgood. 

P. J. Chesterman, W. S. Rodman, 

M. M. Fowler, R. F. Schuchardt, 

F. L. Hutchinson, Charles F. Scott, 

H. A. Kidder, O. B. Skinner, 

W. S. Lee, Harold B. Smith, 

William McClellan, O. B. Stephens. 

L. F. Morehouse. L. B. Stillwell, 

American Marine Standards 
Committee 
R. A. Beekman. 

American Standards ^Association 

F. D. Newbury. Jolfn O. Parker, 

L.*T. Robinson, 

H. H. Heniine, H. M. Hobart, 

H. S. Osborne, Alternates. 

American Year Book, AdvisoiV Board 

Henry H. Henline. 

Charles A. Coffin Fellowship an^ 
Research Fund Committee 
W. S. Lee. 

Committee of Apparatus Makers and 
Users, National Research Council 
O. E. Skinner. 

Committee on Elimination of 
Fatigue, Society of Industrial 
Engine rs 
O. Franqls Harding. 

Committee on Heat Transmission, 
National Research Council 

T. S. Taylor 
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Engineering Foundation, Inc. 

H. P. Obarlosworth, H. A. KiddoTt 
G. L. Knight. 

Engine ring Societies Monographs 
Committee 

E. B. Meyer. W. I. SUchter. 

Engineering Societies Research Board 

G&no Dunn. O. B. Skinner. 

Hoover Medal Committee 

Gano Dunn. P, B. Jewett, 

E. W. Bice. Jr. 

John Fritz Medal Board of Award 

Bancroft Gherardl, B. P. Schuchardt. 

W. S. Lee. Harold B. Smith. 

Joint Committee on Welded Rail 
Joints 
D. D. Ewtog. 

Joint Conference Committee of 
Founder Societies 
The Presidents and Secretaries. ex^JTicio, 


Library Board, 

Engineering Foundation, Inc. 

Edward D. Adams, P. L. Hutchinson, 

*W. A. Del Mar. W. B. Jackson, 

W, I. Sllchter. 

National Fire Protection Association, 
Electrical Committee 
A. W. Berresford. P. V. Magalhaes, 
Alternate, 

National Fire Waste Council 

A. W. Berresford. P. V. Magalhaes. 

National Research Council, 
Engineering Division 
P. B. Jewett, P. W, Peek, Jr., 

O. E. Skinner. 

P. L. Hutchinson, ex^ojfficio. 

National Safety Council, Electrical 
Committee 

A. S. S. E.—Engineering Section 

A. W. Berresford. 

Radio Advisory Committee, 
Bureau of Standards 
A. E. Kennelly, 


U. S. National Committee of th 
International Commission on 
Illumination 

A. E. Kennelly, O. O. Maillour, 

Clayton H. Sharp. 


U. S. National Committee of th 
International Electrotechnical 
Commission 


B. W. Allen. 

W. A. Del Mar. 

Gano Dunn, 

P. O. Hanker. 

O. B. Harte, 

H. M. Hobart. 

D. b. Jackson, 

P. B. Jewett, 

A. E Kennelly, 

"W. S. Lee iex^jfficio)^ 
O. O. MalUoux. 

WUUam McClellan, 

John W, 


J. P. Meyer, 

P. D. Newbtiry 
{ex~ojfficio), 

H. S. Osborne, 
Pari y Osgood, 
P. W, Peek. Jr., 
Harold Pender, 
L. T. Robinson, 
O. H. Sharp, 

O. E. Skinner, 
W. I. Sllchter,,^ 
O E. Stephens 
{nx-ojficio), 

N. W. Storer. 
Upp. 


Commission of Washington Award 

L. A. Perguson Charles P. Scott 


GEOGRAPHICAL DISTRICT EXECUTIVE COMMITTEES 


District 


Chairman (Vice-President, A. I. E. B.) 


Secretary (District Secretary) 


No. 1 —North Eastern.. . 1 . B. Moultrop, Edison Elec, Ilium. Co., 39 Boylston St., 

Boston 

No. 2 —^Middle Eastern.. E. G. Stone, Duquesne Light Co.,436 Sixth Ave., Pittsburgh 

No. 3—^New York City..H. P. Oharlesworth, 463 West St., New York 

^—Southern.W. S. Bodman, Box 676, University, Va. 

No. 6 —Great Lakes.T. N. Lacy, Mich. Bell Tel. Co., 1366 Cass Ave., Detroit 

No. 6 —North Central.. .Herbert S. Evans, University of Colorado, Boulder, Colo. 
No. 7—South West..... .G. O. Shaad, University of Kansas. Lawrence. Kans. 

No. 8 —Pacific.0. E. Pleager, Pac. Tel. & Tel. Co., 140 New Montgomery 

St., San Francisco 

No. 9—North West.H. V. Carpenter. State College of Washington, Pullman. 

Wash, 


A. C. Stevens, General Electric Co., Schenectady 

J. A. Oadwallader, Bell Tel. Co. of Pa., 416 Seventh Ave, 
Pittsburgh 

O. B, Jones, Westinghouse B. & M. Co., 160 Broadway, 
New York 

J. S. Miller, Jr„ Box 12 , University, Va. 

A. G. Dewars, No. States Pr. Oo., 16 S. 16th St., Minneapolis 
M. S. Coover, University of Colorado, Boulder, Colo. 
Bobert W. Warner, University of Kansas, Lawrence, Kans, 

H. W. Hltdicock. 1060 Telephone Bldg., 740 South OUve St., 

Los Angeles 

B. D. Sloan, State College of Washington, Pullman. Wash. 


No. 10 —Canada. 


. .0. E. Sisson, Canadian Gen. Elec. Co., 1025 Lansdowne 
Ave., Toronto, Ont. 


W. L, Amos, Hydro>Elec. Pr. Com., 190 University Ave., 

:—-___ - r-— _ Toronto, O nt. 

Oon^^ Oommittee Includes the chairmen and secretaries of aU Sections wltliJn the District and the chairman of the District 


LOCAL SECTIONS OF THE INSTITUTE 


Name 


District 


Chairman 


Secretary 


Secretary’s Address 


. 2 ..' 

.4.. 


Akron.. 

Atlanta. 

Baltimore. 

Birmingham. 4 . 

Boston., r,. 1 . 

Chicago..... . 6 .... 

dnctmiati ... 2 .,,.. 

Cleveland. .2 . 

O lumbus .. . 2 ,.,.. 

Oonnectlcat..;,.,. 1 .... 

Dallas.. ,7. 

iJenver... ... 6 . 

Detrolt-Ann Arbor..... ,6 . 

Erie.... 2 ..,., 

Port Wayne... 5 ..... 

Houston...:7. 

IndlanapoUs-Laf. ....... 6 ...., 

Iowa...... 6 . 

Ithaca.... 1 . 

K^as City... .7..... 

Lehigh Valley. ......... . 2 ...., 

Los Angeles....... 8 .. 

Louisville,... . i... . 4 ...., 

Lynn... . 1 . 


.H. O.Palste......... 

.H. O. Uhl. 

.W. B. Kouwenhoven. 


. J. P, Kobrock.,.... 

.P. H. Lane. 

.T. O. Reed.. 

, P. W. Braund...... 

.0. D. Price... 

. Samuel Perguson... 

.L, T, Blalsdell. 

. B. B. Bonney.. 

.LeBoy Bralsted. 

.G. B. McDonald.... 

. W. J. Morrill. 

.0. D. Farman,..... 
.E. G. Balaton...... 

. J. K. McNeoly. 

.W. 0. Ballard, Jr.... 

. J; S. Palmer.. 

.W. M. Harbaugh... 
.H. W. Hitchcock.., 

.Jamte Clark, Jr. 

•A.L. Kills......... 


.Alvin P. Regal.Phila. Rubber Works Co., Akron, Ohio 

.0. O. Bae...Westinghouse E. & M. Co., Atlanta, Ga, 

. J. Wells.Western Blee. Co., 26 Broenlng Bd., Baltimore, Md. 

O. E. Charlton,.Allied Engineers, Inc., Birmingham. Ala. 

,G. J. Orowdes..Simplex Wire & Cable Co., Sidney St., Cambridge, Mass. 

.L. R. Mapes.Ill. Bell Tel. Co., 212 W. Washington St., Chicago, Ill. 

.L. L. Bosch..Columbia Eng. & Mgt. Corp.. 314 West 4 th St., Cincinnati, Ohio 

.JohnM. Smith.NelaPark, Cleveland, Ohio 

.K. Y. Tang.Ohio State University, Oolunibus. Ohio 

.R. G. Warner.Yale Unlv., 10 Hlllhouse Ave., New Haven, Conn. 

.G. A. Dyer.. Southwestern Bell Tel Co., Dallas, Texas 

•N. R, Love.807 Tramway Bldg., Denver, Colo. 

. J. J. Shoemaker,,..,. Detroit Edison Co., 2000^2nd Ave„ Detroit, Mich. 

.G. I. LeBaron.General Elec. Co., Erie, Pa: ‘ 

, O. M. Summers.General Elec. Co., Port Wayne, Ind.. 

. Hezzle Clark.Humble Pipe Line Co., Drawer, 1761, Houston, Texas 

.O. E. Dutton. ..Am. Tel. A; Tel. Co., 266 N. Meridian St., Indianapolis, Ind. 

. H. B. HoUhaus.Des MoineS El. Lt. Co., 3i2-6th Ave., Des Moines, Iowa 

. W. E. Meserve.: .614 E. Btiffalo St., Ithaca, N. Y. 

,Richard MT. Ryan:... .610 Dw^t Bldg., Kansas City, Mo. 

. J. H. Dlefenderfer-Penn. Sc Lt. Co.. Hazleton, Pa. 

.Phmp S. Blegler..;.. .3661 University Ave., I^s Angeles, Calif. 

.Philip P. Ash.. ,L. Sc N. R. R. Bldg,, 9th and Broadway Ave., Louisville, K^y. 

, W. K. Dickinson.G eneral Elec. Co., West Lynn Works, Lynn, Mass. 
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LOCAL SECTIONS OF THE INSTITUTE—ConrinueJ 


Name 

District 

• 

Chairman 

Madison.:. 

. 5 . 

,... .L. C. Larson. 

Memphis. 


... .M. Eldredge. 

Mexico. 


.B. E. Arias.! 

Mllwaulcee. 

. 5 _ 

.F. A. Kartak.! 

Minnesota. 

.6. 

... .D. K. Lewis.: 

Nebraska. 

. 6 . 

... .W, 0. Jacobi.. 

New York. 


-J. B. Bassett.' 

Niagara Frontier... 

.1. 

... .B. S. Bundy.' 

North Carolina. 

.4. 

_J. H. Paget.: 

Oklahoma City. 


.... F. J. Meyer.< 

Philadelphia. 

.2. 

.. .D. H. Kelly. 

Pittsburgh. 


....O. T. Sinclair. 

Pittsfield. 

. 1. 

.0. H. Kline . 

Portland, Ore. 


_A. H. Kreul . ' 

Providence. 

.1. 

_J.W. Young . 

Rochester. 


_ Harvey J. Klumb . 

St. Louis.. 

.7. 

....O. B. Pall . 

Ssm Antonio. 

.7. 

_ D. W. Flowers . 

San Fraifcisco . 

.8. 

- P. B. Garrett . 

Saskatchewan . 

_10. 

....W. T. Himt . 

Schenectady . 


... .E. S. Henningsen . 

Seattle . 

.9. 

. ,0. E. Carey . 

Sharon . 


....S. S. Cook. 

Southern Vii’glnJa. . 


...,J. H. Ben-y . 

Spokane . 

.9. 

... .Loren A. Traub. 

Sprlngdeld, Mass... 

. 1 . 

_J. N. Alberti.‘ . 

Syracuse. 

. 1 . 

_P. E. Verdin. 

Tol do. 


_F. H. Dubs. 

Toronto... 

_ 10 . 

_D. A, McKenzie. 

Urbana..... 

.6. 

_O. E. Bkroder. 

Utah. 


....L. B. Fuller. 

Vancouver. 

_10. 

... .H. Vickers. 

Washington.. 

.2. 

_George W. Vlnal. 

Worcester... 

. 1 . 

.. .J. K. Oldham. 


Secretary 


Secretary's Address 


. Departamento Electricidad y Telegrafos, Ferrocarriles Nacionales 
de Mexico. Mexico. D. F. 


F. O. DeWeese.Oorolioa Pr. A Lt. Oo.. Raleigh. N. O. 


.General Electric Oo., Portland, Oregon 

.Blackstone Valley G. & E. Oo., 231 Main St., Pawtucket. R. I. 


R. M. Field.Westlnghouso E. Sc M. Oo.. Sharon. Pa. 

Cecil Gray.Westlnghouse E. & M. Co.. 912 El. Bldg., Richmond. Va. 

O, F. Norberg.Washington Water Pr. Co., Spokane, Wash. 


G. D. Floyd.Hydro El. Pr. Oomrn,, 190 ITniv. Ave„ Toronto, Ont. 


R, P. Bullen... .Genei*al Elec. Oo., Worcester, Mass. 


STUDENT BRANCHES OF THE INSTITUTE 


Name 


Location 


District 


Chairman 


Secretary 


Counselor 

(Member of Faculty) 


Akron, Uxiiv. of... 

Alabama Poly. Inst. 

Alabama, Univ. of. 

Arizona, Univ. of. 

Arkansas, Untv. of. 

Armour Inst, of Tedi. 

British Columbia, Univ. of. 
Brooklyn, Poly. Inst, of.... 

Bucknell Univ. 

Calif. Inst, of^ech. 

Calif., Univ. of. 

Carnegie Inst, of Tech. 


.Akron, Ohio.2. 


.Harmon Shively.H. H. Schroeder... 


.P. O. Avant. 


.Auburn, Ala.4.J. A. Whlman.. 

.University, Ala.4.Walter H. Croft.Harold B. Hendrix. 

.Tucson. Arlz.8.W. T. Brlnton.Carl Ludy. 

.Fayetteville, Ark.7.Ned S. Muse.E. Wylie Head.... 

.Chicago, III.5.K. A. Knittel.E. Squires. 

.Vancouver, B. 0 .10.M. A. Thomas.E. M. Kershaw.... 

. Brooklyn, N, V.3.George Morton.F. Anderson....... 

.Lewisburg, Pa. ... 2 . O. B. Sterling . P. Hort . 

.Pasadena. Calif, t .8...A. W. Strong.J. E. Girard. 

. Berkeley, OaJlf.8.Harry O. Stanley.Louis Zable. 

.Pittsburg, Pa.2.M. W. Smedberg.G. H. Ikola. 


. J. T, Walther 
.W.W. HiU 
. .F. R. Maxwell, Jr. 
.. J. O. Clark 
.. W. B. Stelzner 
, .D.E.Blchardsoh 
i. E. 0. Oullwlcdc 
.. Robin Beach 
,. W. K. Rhodes 
,. R. W. Sorensen 
, .L. S. Beulcema 
. .G.Vorter * 


Case Sch. of Ap. Science. 

... .Cleveland, Ohio... 



. .G. A. Sanow. 

, .Irwin J. Band. 

. H*. B. Dates 

Catholic Unly. of America. 
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Go<!idit Otdces in New Home.—The 
Condit Eleetrioal Manufacturing Cor¬ 
poration has moved its sales and executive 
offices to the new administration building 
at Hyde Park, Mass. 

Electrad Appoints Millard Van 
Blarlcom.—The development of its 
amplifier business necessitating the en¬ 
largement of the technical stafi, Millard 
Van Blaricom, expert in amplifying sys¬ 
tems, has been appointed, according to a 
statement by Arthur Moss, president of 
Electrad, Inc,, New York. 

Westinghouse in Refrigeration 
Field.—Distribution of the Westinghouse 
refrigerator to all parts of the United 
States east of Kansas City wiU be begun 
at once, according to an announcement by 
Carl D. Taylor, manager of the refrigera¬ 
tion department of the Westinghouse 
Electric and Manufacturing Company. 
During 1930 the refrigerator has been 
distributed and sold in a gradually 
increasing area in the east,. 

Roebling Absorbs New Jersey Wire 
Cloth Company.—According to a recent 
announcement, the New Jersey Wire 
Cloth Company will cease its corporate 
existence on January 1, and the business 
will be continued by the John A. 
Roebling*s Sons Company. The New 
Jersey Wire Cloth Company, now a 
subsidiary of the Roebling Company, 
manufactures wire cloth, wire netting, 
wire fences, etc., the sale of which will be 
continued through the parent company 
and other Roebling branches. 

Grounding D vices.—Bulletin, 36 
pp., “Principles of Grounding.*' Presents 
methods of grounding electrical apparatus 
and auxiliary equipment. A typical 
ground bus for an outdoor substation is 
illustrated, embodying recommendations 
of N. E. L. A. oomnuttees. Types of 
Burndy connectors for diverse applications 
are shown, as weU as connectors used for 
copper or aluminum tube, cable or bar. 
Burndy Engineering Co., Inc., 230 East 
45th Street, New York. 

New G« £• Plastic Department.— 
The various * plastic activities of the 
General Electric Company have been 
coordinated into one department known 
as the plastic department according to an 
announcement by Gterard Swope, presi¬ 
dent of the company. R. E. Coleman 
has been appointed manager of the new 
depaiTtment with an advisory committee 
consisting of vice-presidents J. G. Barry, 
chairman, W.. R. Burrows, and C. E. 
Eveleth. The new department will be 
responsible for sales, engineering and 
maaufaotimhg of plasties and involves 


activities at the Pittsfield, Schenectady, 
Fort Wayne, Erie and Lynn (River) 
plants of the company. 

New Power Amplifiers.—Electrad, 
Inc., 175 Varick Street, New York, has 
announced the addition of two newly 
perfected power amplifiers utilizing 
the revolutionary Loftin-White direct- 
coupled system which, with their model 
A-245, completes a line of amplifiers 
suitable for the present-day requirements 
of sound amplification of all types. These 
Eleotrad direct-coupled amplifiers are 
readily adaptable to aU usual require¬ 
ments of sound amplification from 
microphones, phonograph pickups, radio 
tuners—^in fact for aU types of amplifica¬ 
tion at audio frequencies. 

NEMA Opposes One Form of Bids on 
Electrical Equipment.—Opposition to 
the practice of requiring detailed working 
drawings with bids on electrical equip¬ 
ment or as an element of contract, was 
expressed in a resolution adopted Novem¬ 
ber 21 by the Executive Committee of the 
National Electrical Manufacturers Asso¬ 
ciation. The resolution is as follows: 

Whereas: The practice of requiring 
detailed working drawings with bids or as 
an element of contract is objectionable 
and works a hardship on the manufacturer 
in that there is involved not merely un¬ 
necessary expense, but the demand for in¬ 
formation and data which are the result of 
knowledge and experience, and are major 
elements of the bidder’s “Stock in trade,” 
be it Resolved: That the National 
Electrical Manufacturers Association 
hereby records its formal opposition to 
the practice. 

This opposition does not apply to such 
outline drawings of apparatus showing 
overall dimensions, assembly drawings of 
major components, wiring diagrams, 
performance data and other diagrams, 
charts, photographs and instructions as 
are needed for installation, operation and 
maintenance purposes. 


WJe Liter»l»re 


Illumination.—Booklet L. P. 102, 40 
pp., entitled “Tendencies in lighting 
Practice, 1930.” Illustrated. General 
Bleotrio Company, Nela Park, Cleveland, 
Ohio. 


Steam Generating . Equipment.— 
Catalog GC-6, 16 pp. Describes and 
illustrates the fuel burning and steam 
generating equipment manufactured by 
the Combustion Engineering Corporation, 
200 Madison Avenue, New York. 

Automatic Controller Valves.— 
Catalog 2002, 20 pp. Describes Bristol’s 
automatic controller valves, motor oper¬ 
ated types, including the latest develop¬ 
ments for steam, water, air and gas. The 
Bristol Company, Waterbury, Conn. 

The Coordination of Light and 
Music.—Bulletin L. P. 101, 24 pp. 
Describes the application of color lighting 
in motion picture theatres. General 
Electric Company, Nela Park, CldVeland, 
Ohio. 

Fuse Meter Service Switch.—^Bulle- • 
tin 23, 4 pp. Describes Wadsworth 
accessible fuse meter switch with range 
and lighting circuits for new and old 
residence wiring. Wadsworth Electric 
Manufacturing Co., Inc., Covington, 
Ky. 

Cars and Car Equipment.—Bulletin 
1882, 32 pp. Describes and illustrates 
twenty-six types* of street cars and buses 
placed in service within the last two 
years. Westinghouse Electric & Manu¬ 
facturing Corporation, East Pittsburgh, 
Penna. 

' Ash Storage Tanks.—Bulletin, 1^ pp.' 
Describes vitrified glazed tile, ash storage 
tanks, providing complete facilities of ash 
storage for aU types of ash conveyor 
systems. United Conveyor Corporation, 
Old Colony Building, Chicago, Ill. 

Automatic Reclosing Equipment. 
—Bulletin 20508, 4 pp. Describes West¬ 
inghouse type PO-22 outdoor automatic 
reclosing equipment, designed for use on 
feeder circuits. Westinghouse Electric ^ 
Manufacturing Co., East Pittsburgh, 
Peima. 

Tachometers.—Catalog 46, 16 pp. 

. Describes BroTm electric wdicating and 
recording tachometers. These instru¬ 
ments consist of the indicating, recording 
or automatic control instrument, tachom¬ 
eter generator, winng between generator 
and instrument. . The generator can be 
connected to the driving shaft through 
gears, pulleys, chain or fiexible coupling. 
•The Brown Instrument Company, 
Philadelphia, Penna. 

Small Motors.—^Bulletin 1883,16 pp. 
Describes the various types of Westing¬ 
house small power motors. Illustrations 
show the oonstraction details of the 
motors and some of their many applica¬ 
tions. Another feature of this publication 
is a description of the sentinal breaker, a 
compact starting switch that provides 
overload protection for fractional horse¬ 
power motors. Westinghouse Electric & 
Manufacturing Co., Bast Pittsburgh, 
Penna. 
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New 220^kv. transmission line of the Public Service Electric and 
Gas Company, New Jersey, between Roseland and P/y- 
mouth Meeting substations; placed in service Sept. 1,1930. 
Tower is 34 x 39 ft. at base and 78 ft. high giving B9-ft. con- 
ductor clearance at the tower; average span, 1,100 ft. 

Electric Power in the Lumber Industry .... 92 

By A. H. Onstad, Weyerhaeuser Timber Company 

Mercury Rectifiers for Subway Service .... 97 

By H. M. VanGelder, Dept, of City Transit, Philadelphia 

Electrolysis Survey at Louisville, Kentucky . . 100 

By W. C. White, Southern Bell Tel. & Tel. Company 

Fog-Type Insulators Eliminate Flashovers . . . 101 

Railroads vs. Transmission Lines . , . . . . 102 

By W. W. Woodruff, Philadelphia Electric Company and 
G. I. Wright, Reading Company 

Synchrdnizing with Vacuum Tubes ..... 105 

Saturation Phenomena in Potential Transformers 106 

By C. T. Weller, General Electric Company 

Physical Nature of Neutral Instabilky . . . . 110 

By A. Foyajian and O. P. McCarty, both of , General 
Electric Company 

Progress in Fuel Utilizatioh.. .113 

•—Turn to Next Page— 



Theoi^^ of Abnormal Voltages.114 

By C. W. LaPierrEj General Electric Company 

Graphical Construction of Hyperbolic Functions . 117 

By W. F. Helwig, Texas Technological College 

Greater Efficiency for Low-Head Hydro .... 118 

By George A. Jessop, S. Morgan Smith Company and 
C. A. Powell, Westinghouse Elec. 6? Mfg. Company 

Detecting Hidden Fissures in Rails. 122 

By H. C. Drake, Sperry Products^ Inc. 

The Engineer’s Duty to Himself and to the Public . 125 

By William S. Lee, President, A. I. E, E. 

Control Groups Simplify Operation . . . . . 128 

By R. M. Stanley, Byllesby Engineering iA Management 
Corporation and E. D. Wood, Louisville Gas & Electric 
Company 

Magnetic Circuit Units Adopted by I. E. C . . . 133 

By Arthur E. Kennelly, Professor Emeritus, Harvard 
University . 

Electric Welding in Modern Building Construction 133 
The Oil-Blast Circuit Breaker . . . . . . . 134 

By D. C. Prince and W, F. Skeats, both of General Electric 
Company 


r^R. ARTHUR E.. KENNELLY. 

professor emeritus of electrical engi¬ 
neering at Harvard University, past 
president A. L E, E. (1896-1900), past 
president I. E.'fe, (1911), past president 
I. R. B. (1916), and well known both 
nationally and internationally for liis 
versatility and untiring work for the 
betterment of the profession as applied 
to industry, comments further in this 
issue on the subject of internationally 
standardized magneti ccireiiit units. OSee 
pages 183 and HI) 


S. LEE, president of the Jnstituto, 
• genial Southern gentleman, and 
conqueror of tremendous engineering 
undertakings, throws down the gauntlet 
in characteristic fashion in his declaration 
of “The Engineer’s Duty to Himself and 
to the Public.” Mr. Lee’s AVealth of 
engineering experience and Ms first-hand 
knowledge of men and alfairs gives him a 
foundation from wMch to speak; his 
honest fearlessness enables him in an 
unimpassioned way to issue Ms challenge 
to Ms brother engineers. (.See p<tgc 12S) 


Y) PRINCE has made numerous 
• discoveries and important contri¬ 
butions to the electrical engineering art. 
His studious application has carried him 
from a-c. motor developments to airplane 
maoMne gun design, and from radio 
engineering to mercury-arc rectifier re¬ 
search and design. His attention now iS 
turned toward oil circuit breaker improve¬ 
ments. With the collaboration of W. F. 
Skeats he outlines important refinements 
in design wMch have led tB the develop¬ 
ment of the oil-blast circuit breaker. 
(See page 184) 
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151 
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jD M. STANLEY has been devoting 
Ms, time and engineering talent to 
electrical utility design, operation, and 
economic problems for some twenty- 
three years. . He has been an aggressive 
leader in the promotion and adoption of 
engineering refinements in electric power 
^Q^piuent and has pioneered many of the 
paths now becoming familiar in the fields 
of remote control and automatic operation 
of major power producing and hft.nHH-ng 
apparatus. One of Ms latest efforts is 
exemplified in the Ohio Falls hydroelectric 
geheiatmg station wMoh he describes 
with the aid of E. D. Wood. (See 
page 188) 








Winter Conventioners Viewed New York from its Newest Skyscraper, the 1,427-ft, 

Empire State Building (left). 


RA!M?BOyAJIAN for some time has 
been intimately associated with 
variolas phases of the stability problem as 
it involves electric power circuits and 
equipment: As a contributor to creative 
thought in this special field, Mr, Boyajian 
already has given considerable to active 
constructive debates at Institute gather¬ 
ings, In this issue he discusses “The 
Physical Nature of Instability” in col¬ 
laboration with O. P. McCarty. 
page 110) 


A H. ONSTAD is a recognized Pacific 
Coast authority on electrification 
of lumber mills and incidental equipment. 
His aecomplishjnents in this division of 
the field of electrical engineering well 
qualify him to speak upon the subject of 
“Electric Power in the Lumber Industry.” 
(See page 92) 


PITTSBURGH, far-famed as America’s 
^ steel city, asserts a just right to fame 
as an electrical engineering and electrical 
manufacturing center. The next district 
meeting on the Institute’s calendar will be 
another Middle Eastern District meeting, 
to be held in Pittsburgh March 11-13, 
1931. Many attractive features are 
offered. (See page 188) 


N EXTENSIVE electrification pro- 
gram of the Reading Railroad in the 
Philadelphia area offered a definite 
opportimity for the joint use of a railroad 
rightH>f-way to accommodate both trains 
and electric power transmission lines. A 
combination of economic factors and 


engineering counige has established a 
notewortliy precedent. The installation 
is discussed l^y W. W. Wodruff and 
G. I. Wright. (See page 102) 


D ECOMMBNDATIONS covering 
seven specific items listed as having 
important bearing upon business* cyclic 
booms and recessions were made in a 
committee report presented to the Ameri¬ 
can Engineering Council at its recent 
annual meeting in Washington, D. C. 
In addition to hearing the report the 
Council took a determined stand upon 
several important current and contro¬ 
versial legislative subjects of national 
interest. (See page I 4 B) 


AS USUAL, the laboratory answers 
questions arising out of operating 
experience. In this issue there is given 
a comprehensive review of a symposium 
presenting facts and analyses pertaining 
to dangerous saturation phenomena which 
may occur in potential transformers, and 
to the causes of abnormal line voltages. 
C- T. Weller and C, W. LaPierre of the 
General Electric’s general engineering 
laboratory present their findings as parts 
of a triad which includes a paper by 
A. Boyajian and O. P. McCarty. (See 
pages 106,110, II 4 ) 


A 1929 CENSUS of Manufactures, 
released by the U. S. Bureau of the 
Census, contains some facts and figures of 
current in spite of the fact that it is a year 
old upon release. (See page I 42 ) 


jpROPELLER-type wheels with ad¬ 
justable-blade features are opening 
up interesting possibilities in the direction 
of greater eificieiioy in low-bead hydro 
plants. Experience and initiative both 
qualify G. A. Jessop and C. A. Powell to 
speak authoritatively upon this subject. 
(Seepage 118) 


pNaiNEBRING LITERATURE” 
. is the heading now used to embrace 
both the announcement of new books 
available at the Engineering Societies 
Library and the electrical engineering 
items selected each month from Engineer¬ 
ing Index Service* listings of some 1,800 
current technical periodicals. In con¬ 
nection with the typographical presenta¬ 
tion of these latter items, a question has 
arisen concerning which a prompt state¬ 
ment of opinion from members using the 
service, would be a great help. (See 
page 157) 


ly/f BRGURY-ARC rectifiers, gradually 
gaining a position of importance in 
the power supply field!, have been applied 
successfully in the strenuous service of 
subway transit lines. Howard M. Van 
Gelder, electrical engineer of the City 
Transit Department, Philadelphiaj pre¬ 
sents an interesting discussion of the 
application of mercury-arc equipment off 
that city’s new subway system. Mr. Van 
Gelder has been more or less intimately 
associated with electric roilway work 
for more than thirty years, dating back 
to the initial elevated railway electrifica¬ 
tion in New York City. (See pope 97) 




















Electric Power in the 
Lumber Industry 

From logging to the manufacture of other power until within the last decade. The lumber 

finished products the lumber industry industry has had such a superabundance of natural 


depends upon electric power, fre¬ 
quently manufacturing its own from 
sawmill refuse. The changing order 
of affairs both inside and outside of the 
industry now emphasizes fuel economy, 
places an increasing premium upon 
wood-waste, and makes by-product 
electric energy an important revenue 
producer. 

By A. H. Onstad 

Weyerhaeuser Timber Oompany 
Tacomat WaGthington 

A dvantages accruing from the 
use of electric energy for the distri¬ 
bution of power and for electric 
drive around a lumber manufacturing plant are many 
indeed. Prior to the adoption of electric power trans¬ 
mission a lumber plant had at least two, (and sometimes 
more) complete power plants on its premises, each with 
a full complement of boilers, engines, pumps, and other 
equipment as well as a full operating force. One of 
these plants served the sawmill, one served the planing 
mill, and sometimes one served a box factory or other 
side line; or some powa" user that could not be reached 
by belt or rope drive from the main sawmill power 
plant. 

Development of the low-pressure and mixed-pressure 
turbine generators stimulated the early adoption of 
elective power distribution. With a mixed-pressure 
machine installed in the sawmill power house to take 
exhaust steam from the sawmill engine (which usually 
was a Corliss engine) and to take all the steam from the 
many'steam cylinders throughout the noill, enough 
power could be generated to serve the planmg mill and 
'other departments without dramng much live steam 
from the boilers. ThS cost of such dectric generating 
equipment, plus the cost of,the electric drives in the 
planing mill, frequently dcce^ed the cost of a separate 
power plant to serve the planing mill; but the invest¬ 
ment was justified by the reduction in operating force 
aitid in maintenance cost. 

Gbnadered only from the angle of fuel economy, 
deetric power as applied to the lumber industry, except 
in a few isolated instances, had no advantage ova: any 

Preaented'&t A. I. X. B. Sbuthern District meeting, noolsville, Ky., 
Not. 19.^2,1080. (!«,. 30-183.) 
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fuel in the wood waste from its operation, that loggers 
have been careful to send to the mill only such logs as 
would produce a high percentage of merchantable lum¬ 
ber. Under normal conditions the sawdust produced 
from the lumber cutting and finishing machines is 
enough, and often more than enough, to serve Jobal 
power needs. Any additional wood waste ^t the mfll 
must be burned in refuse burners, which are expensive 
to build and maintain, and which usually scatter partly 
burned particles of wood over a wide area with atten¬ 
dant evils. 

Gradually, however, bemuse of various changing of 
incidental conditions, the economic situation with re¬ 
gard to fud in the lumber industry is changing; wood 
waste is bring used more and more in the production of 
various "composition boards.” Changes maife in the 
method of lumbra* milling are increasing steadily the 
kilowatt-hour consumption per unit of lumber, which is 
reaching as much as 121 kw-hr. per 1,000 board-ft. irf 
some mills that are carrying the manufacturing to a 
fine degree. This change also is increasing demand for 
{HTOcess steam. 

These and other changes along with the possibility of 
selling surplus power to public utilities or other power 
consmners are placing an ever-mounting value on mill 
refuse; hence, instead of wood refuse being the tradi¬ 
tional liability aroimd mills, at many plants it now Ihas 
an appreciative monetary value. With a contract for 
the sale of surplus power, a milling company can run its 
generating equipment practically at 100 per cent load 
factor; and if it has sufficient electric generating equip¬ 
ment it can turn all of its mill waste into revenue. Thus 
it has become imperative that efficient power plant 
equipment for the conversion of 'Jvaste products into 
power be installed within the lumba* industry. Motor 
applications also are being made with ever increaring 
emphasis upon power conservation in addition to the 
continuing demand for continuity of service. 

One noteworthy example is the recently completed 
steam-electric generating plant of the Weyerhaeuser 
Timber Co. at Longriew, Wash. In this plant the 
electric genriating equipment con^ts of two 7,500-kw., 
0.8-power factor, 2.3-kv., three-phase, 60-cycle turbine- 
generator units. Steam is delivered to these units at 
800“Ib. gage pressure at the throttle and 580-deg. fahr. 
With the units operating at full load, 150,000-lb. of 
steam per hr. at a pressure of 125-lb. gage may be bled 
from each machine for use in the lumbiw drying kilns. 

Two 600-kw., 250-volt, d-c. griierators driven by 
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Two-speed double-motor (synchronous) band- 
mill drive with associated automatic-control 
apparatus; 400-hp., 600-rev. per min. and 250-hp., 
S14-rev. per min. 

s3Tichronous motors supply current for 27 cranes used 
for handling lumber, as well as direct current for other 
d-c. motors and for the exciting current for the S 3 m- 
chronous motors. 

Some 1,200 motors, not induding motor-driven tools 
such as portable drills and grinders, motor-driven 
electrital welding sets, electric clocks, and motor-driven 
office appliances, aggregate 23,849 hp. These include: 


71 2,200-volt synchronous motors.10,645 hp. 

30 2,300-volt induction motors. 2,875 hp. 

1,021 650-volt induction motors. 8,575 hp. 

78 220-volt direct-current motors. 1,754 hp. 


The load on this power plant with its 23,849 connected 
hp. averages 7,000 kw. and by the use of synchronous 
motors the power factor of the load is kept at 0.96 
leading. 

In the woods, electric power is now being used in a 
limited way for driving portable saws for falling trees 
and bucking them into long lengths. These saws are 
chains with«cutter teeth attached to one side of the links 
which run over two sprockets, one mounted at each end 
of the light steel frame holding the sprockets in position 
and forming a guide for the saw chain. A specially 
designed motor of about 5-hp. capacity geared to the 
driver sprocket furnishes the power, taking its energy 
from nearby transmission lines, or from small gas-driven 
generator sets which may supply power to several such 
saws working within a limited area. 

Electric power also is being used in a limited way for 
“ysirdmg and loading” logs. This is the operation of 
dragging the log ffom where it was cut out of the tree 
and loading it aboard the cars for shipment to the mill. 

Equipment in use varies for various sections or growth 
of timber; on the Pacific slope of the Cascade Moun¬ 
tains where it is used to the greater extent, the equip¬ 
ment resembles heavy-duty hoisting equipment both 
in mechanical construction and in load characteristics. 


The yarder is that part of the equipment that is used 
for dragging the log from the point where it has been cut 
out of the tree to the railroad siding for loading onto 
cars. Two full-load line speeds are provided, a high 
speed being 1,800 ft. per min. and the low speed being 
900 ft. per min. The higher speed is used on the 
smalla* logs and the lower speed for the heavier logs. 
This variation of speed is obtained through reductiofi 
gears of different ratios connected to the drum by 
friction clutches. The usual equipment is a 300-hp. 
wound-rotor motor having a wide range of speed control 
through secondary reastance. These motors are de¬ 
signed for a pull-out torque of approximately 300 per 
cent, but their service is such that frequently they are 
loaded to the stalling point. 

The loading end of this logging equipment usually 
consists of two 75- or 100-hp. wound-rotor motors. 
The hoisting line of the loading equipment passes 
through sheaves properly supported over the load. 
The usual procedvure in loading a log is to fasten one 
hoisting line to each end of a log; the log can then be 
manipulated through these double hoists so that one 
end may be lowered onto the car ahead of the other to 
conform to the requirements of binding the logs into 
the load in such a way that they will arrive safely at 
their destination at the mill polid. 

For a large operation on which load factor or days 
of operation per year is high, and in which life of opera¬ 
tion is sufficiently long to permit of reasonable obsoles¬ 
cence charges, this has proved profitable. 

One serious disadvantage to the use of electrical 
equipment for woods operation is the danger of loss of 
equipment by fire. The cost of electrical logging equip¬ 
ment is so great that the units are built only on order. 
The time required to replace a machine or repair one 
damaged by fire is therefore so great that it results in 
too severe a loss of production to warrant the adoption 
of electric power for log^ng operations except in a fewi 
special cases. Electric power for the propulsion of 
trains hauling logs out of the woods is being used in one 
or two instances, but insufficient tonnage on the average 
logging railroad prevents its general adoption even for 
this purpose. 



A 2S0-hp. slip-ring motor driving a gang of 
trimmer saws 
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A typical 90-in. “hot” driven by a 400-hp. 600-rev. 
per min. synchronous motor. This machine 
reduces stabs and edgings to a refuse suitable for 
use in the furnaces 


tear of the machinery is prevented by stopping its 
movement when not actually needed. 

Among recent applications of starting equipment 
that has proved worth while is the automatic starting 
and stopping trains of live rolls and transfer nha-iTis to 
permit the movement of lumber over them; for 
a train of several sections of live rolls may he used for 
carrying timbers to the timber dock. As these timbers 
do not come with any degree of regularity, the rolls need 
operate only a small portion of the time, with a trip-pan 
arrangement placed between successive rolls throughout 
the length of the route. These trip-pans are mechani¬ 
cally connected to the starting stations of the motors 
driving the sections in such a maimer that when tEe 
pan is depressed by the timber going over it, the motor 
is started and kept in operation until all of the pane in 
that train of rolls are free to rise to the ^‘up” position. 
With such an arrangement each section of rolls is started 
as the timber approaches and automatically stops when 
the timber passes. 


There is no specific rule governing the application of 
motor drive to sawmill machinery; power required for 
driving the various sections can be computed using the 
same laws that govern the application of electric drive 
to any other line of machinery. Before attempting to 
compute the motor requirements for these applicatioiis, 
however, one making these computations should be 
thoroughly familiar with the possible loading of the 
various sections to be driven. In applying motor drive 
to live rolls and transfer chains, the matter of obtaining 
sufficient starting torque is usually of prime considera¬ 
tion. The length of the roll trains and transfer tables 
is so short that if they are left in operation for a period 
of a minute or two they will completely unload all 
material that is on them. 

Full-voltage across-tiie-line starters are used for all 
except wound-rotor and d-c. motors. 

Selecting the proper starting equipment requires 
considerable thought, for with the frequent starting 
and stopping of the various sections, the duty imposed 
on the starting equipment is even more severe than that 
imposed on the motors. Mainteirance men spend more 
the starting equipment in good operating 
condition than they do on the motors themselves. 

There are many applications where thermal overload 
relays will not function if the doors of the cabinets en- 
ebsing the starting panels are left dosed; this is due to 
the rise in temperature'within the cabinets caused by 
the arc created in opening the motor circuit. Some 
of the transfer tables in the mill are started on an aver¬ 
age of four or five times pa: minute. 

One of the advantages of motor drive is the ease 
wifi which the machinery can be started and stopped, 
which permite lUiming the machinery only through the 
period that it is actually engaged in moving lumber. 
As tins in many cases is only a small fraction of the 
total working time of the shifts, considerable wear and 


Adapting individual motor drive to the machinery of 
a lumber plant presents many perplexing problems; 
with few exceptions, the speed of the final drive -of 
sawmill and wood-working machinery can be placed in 
two groups— a, slow-speed group and a high-speed group. 

Log hauls, transfer tables, and conveyors belong to 
the slow-speed group, with final speeds ranging from 
to 25 rev. per min. Live-roll drives ranging from 
100 to 176 rev. per min. also can be placed in this class. 

It was not until the so-called herringbone-type gear 
was developed and it became practical to build speed- 
redui^g powa* transmissions of large reduction ratios 
that individual motor drive for these slow-speed groups 
became practical and economical. Now, reduction 
ratios of 150:1 with high efficiency may be obtained. 
THs permits the use of motors of 1,200 to 1,800 rev. per 
min. to be used for practically every slow-speed drive, 
resulting in better electrical load characteristics and 
greater economy of installation. 

Cutting speed for saws and the knife-type cutters of 
wood-working machines range from 8,000 to 14,000 ft. 
per min., which calls for speeds ranging from 300 to 
7,200 rev. per min. These can be classed as high-speed 
drives. Medbanical connection between these and 
motors of economical ^eed characteristics did not 
present the difficult problems involved in the slow- 
speed drives. 

Recent devdopments in planing mill machinery such 
as matchers, moulders, and saws, have opened a new 
field for the use of high-^eed directojonnected motors. 
A large modem matcher has eiglit motors, totaling 
270 hp., built into the machine. For these applications 
the machine manufacturers buy the rotor without a 
shaft and the stator without a frame and incorporate 
them in the construction of the machines. A modem 
matdier (commonly called a planer) has the foUowing 
motors: 
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Service 

No. Motors 

Horsepower 

Speed (r. p. m.) 

Top cylinder. 


.40. 

. . 3,600 

Bottom cylinder,.,. 


.40. 

.3,600 

Outside side head... 

.Ofle. 

.30. 

.3,600 

Inside side head. 

.One. 

.25. 

.3,600 

Top profiler. 

.One.. 

.30.... ... 

.3,600 

Bol^tom profiler. 

.One. 

.25. 

.3,600 

Feed work. 


.40. 

.1,200 


As the cutter-head cylinda^ all turn in ball-bearings 
and are carefully balanced and heavy, they will con¬ 
tinue to run for ten or fifteen minutes after the current 
has been cut off the motors. To make it possible to 
stop these quickly, the control is equipped for plug^ng 
Sfervicjje so that when it is necessary to stop a head or 
cylinder for a,ny purpose the motor is plugged, bringing 
itto a stop in a few seconds. 

Modem moulders are built for variable speeds of the 
spindle obtained by varying the frequency of the circuit 
by the use of frequency changers. For normal work 
the cylinders are equipped with six or dght knife cutters 
and usually operate at 3,460 rev. per min. For the 
exposed surfaces of the moulding requiring a finer finish 
the particular heads used for this exposed surface are 
speeded up (by changing the frequency) to 6,000 or 
7,200 rev. per min. Control equipment is so arranged 
that the speed of any one or all of the five cutter heads 
or cylinders of the moulder may be increased. 

Synchronous motors range in size from 50 hp. to 400 
hp. and in speed from 226 to 1,800 rev. per min. Two 
types of loads are selected for synchronous-motor drive; 

(1) widely fluctuating loads having a low load factor, 
suchasbandmills, edgers, slasher,taimmersand hogs;and 

(2) large loads of high load factors such as fans, pumps, 
and air compressors. Synchronous motors are not used 
on drives that require frequent starting. 

All synchronous motors are wound for 0.8 factor and 
.have a pull-in torque of 100 per cent of full-load torque. 
All synchronous motors are started with automatic, 
full-voltage, across-the-line starters and with few excep¬ 
tions are all excited from the 260-volt buses or feeders 
that supply power to the cranes and oth^ d-c. motors 
throughout I3ie plant. Synchronous motors located so 
far from the d-c, lines that the cost of a d-c. drcuit to the 
motor for excitafion would be nearly as much as an 
exciter are equipped with direct^connected exciters. 

Ssmchronous niotors have proved very satisfactory 
for widely fluctuating loads, the application to driving 
"hogs” being a striking example. Motors of 250 hp. at 
600 and 720 rev. per min. and 400 hp. at 600 rev. per 
min. are used for this, and have field control relays so 
adjusted that whejp the motor pulls out of step because 
of overload, the field excita-tion is cut out, and automati¬ 
cally restored when the motor , again approach^ syn¬ 
chronous speed. This may occur as many as .100 times 
during an ei"ht-hour shift. 

The 2,800-yolt induction motors range in size from 60 
to 260 hp. These are mostly wpimd-rotor motors 
driving machinery requiring frequeht starting, or ma- 
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chinery which will not permit the severe strains imposed 
on it by full-voltage across-the-line starting. Some 
equipment requires limited speed control and for this 
purpose the wound-rotor motor and drum controller 
are both used. Induction motors of 50 hp. and smaller 
ratings are wound for 560 volts. 

Except in sizes of hp. and smaller, the ^50-volt 
induction motors are of the so-called double-woun3- 
rotor type. These have the starting charact^istics of 
the high-resistance-rotor motor and the running charac¬ 
teristics of the squirrel-cage motors. 

One unusual motor application is that employed for 
driving the main bandsaw. For the regular run of fir 
logs a saw speed of 10,600 ft. per min. is the id^l speed; 
but for a catain species of fir log a saw speed of 8,000 ft. 
per min. is the most practical. As the logs requiring 
slow-speed sawing are mixed promiscuously with the 
softa logs, the custom has been to saw them all with 
the higher-speed saw. This has resulted in erratic saw¬ 
ing of the hard lop. At the Longview mill practically 
instantaneous speed changes from 10,500 to 8,400 ft. 
per min. are arranged fOT. This was accomplished by 
putting two synchronous motors on one motor base, 
driving the same pulley with the shafts rigidly coupled 
together. A 400-hp. 600-rev. per min. motor was in¬ 
stalled as the main motor to use in starting the bandmill 
and for sawing the average run of lop. The other 
motor was a 260-hp. 460-rev. per min. motor. While 
the large motor is used for furnishing the power the 
small motor is disconnected from the line so that the 
only power required to drive it is that necessary to 
overcome windage losses. When a hard log is sawn the 
sawyer, by presang two push-rbuttons, disconnects the 
large motor from the line and connects the small 
motor, which drops the speed of the saw to 8,400 ft. 
per min. The change from one speed to the other is 
made as frequently as the sawyer deems necessary. 

Another unusual application of electrical power t 
sawmill machinery is in driving the feed works of the 
larger edgers, the machines that rip the boards and 
timbers into the desired widths. The edger arbor on 
which the saws are mounted is direct-connected to a 
400-hp., 6.8-power factor, 1,200-rev. per min. syn¬ 
chronous motor. The feed rolls that feed the stock into 



A modern highspeed planter; 9 of its 13 motors, 
varyingfrom 2 to 75 hp., are shoiPn 
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Typical arrangement of starting panels; auto-- 
matic acros$-the--line synchronous-motor starters 
in the foreground 


the edger are driven by a 10-hp. series motor through 
reduction gears and chain drive. These are so pro¬ 
portioned that with no load on the motors the surface 
speed of the rolls will pull the lumber into the edger as 
rapidly as good work can be done with the saws. As 
larger and thicker pieces are sent through the edger the 
load on the feed works motor increases and automati¬ 
cally slows the feed. Speed characteristics of the 10-hp. 
motor are such as to provide automatically the proper 
fate of feed into the saws for the varying thickness of 
material being sawn. 

Among unusual applications of electric power to 
sawmill machinery is that used by the Weyerhaeuser 
Timber* Company at Mill “C,” Everett, Washington. 
TWs mill, located approximately three-quarters of a 
mile nway from the power plant, is equipped with 
individual motor drive throughout, but differs from 
the usu^ mill in the respect that no steam is used in the 
mill for any purpose. The cost of a well-constructed 
stbam line was such that it was decided to use com¬ 
pressed air in place of steam for operating all lifting 
icyjinders, loaders, niggers, etc.. A two-stage air com- 
pi^or, having a capacity of 1,600 cu. ft. of free air per 
min., driven by a 250-hp. synchrdnous motor, furnishes 
|all of this compressed air. 

I For driving the sawmill carriage a slow-speed, d-c., 
tr^tion-type elevator motor was used, specifications 
cstiling for a torque of 12,500 lb. rather than the con¬ 
ventional horsepower rating. Power for this motor is 
taken from a motor-generator set consisting of a 75-hp., 
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thre^phase motor driving two d-c. generators; one to 
furnish current to the-armature of the motor and a 
smaller one to furnish current for exciting the fields of 
the generator and the motor. •Accurate and quick 
speed control, of the carriage is achieved through a 
Ward Leonard system which has proved highly satis¬ 
factory in every respect. 

Armature leads of the motor are connected directly 
to the armature terminals of the generator, with the 
full field left on the motor at all times. Hence, speed 
control is effected by varying the voltage of the genera¬ 
tor through field resistance placed in the field circuit of 
the generator. Reversal of the motor is effected bv 
reversing the fields of the generator. This motor is 
connected to the carriage through wire ropes, one end of 
which is securely fastened to the carriage, the ofher dhd 
being fastened to a 30-in. sheave on the motor shaft. 
The cycle of operation is two revolutions in one direction 
and then two revolutions in the opposite direction, at a 
normal rate of from seven to thirteen cycles per min. 
Because the motor does not set up any windage through 
the coils by its own revolutions, it was necessary to 
provide artificial ventilation. This was accomplished 
by enclosing the motor in a galvanized iron housing 
through which cool air is forced by a motor-driven 
fan. 

The most recent application found for electricity in 
the sawmill industry incorporates a Taglibue-Heppen- 
stal moisture indicator. This consists of a case in 
which is mounted a battery, amplif 3 dng tubes and 
transformers, and an ammeter. Long, flexible leads 
from this cabinet are connected to two sharp terminals 
in a small portable handle that the lumber tester carries 
with him when inspecting lumber. When the points 
are driven into a piece of wood a current is set up and 
the value of this current is calibrated as the percentage 
moisture content of the wood. This method of testing 



Adoubte-squirrel-coge, 7.S-hp.,l,200-rfiv.per mtn., 
5S0-volt induction motor direct-connected to 
convevor drive 
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for “dryness of lumber” proved so dependable that 
it now is a standard for testing lumber that is bought 
with specification calling for a definite moisture 
content. 

> 

Storage-battery locomotives usually of seven-ton 
capacity having 225-ampere-hour batteries are used for 
the transportation of lumber from one department to 
another, where these departments are so arranged that. 
transportation cannot be readily accomplished by crane 
service. These locomotives run on a 30-in. track, pull¬ 
ing four-wheel roller-bearing industrial cars with train 
loads as great as 60 tons. They stay in service for 
eight-hour shifts without recharging of the battery. 
Sinall^storage-battery trucks and lift trucks are used in 
^nie departments for stacking certain items of lumb^ 
and for §hort-distance movement of lumber. 

With modem industrial lighting units it is possible 
to provide illumination so suited to the work that 
production can be carried on at night with as high 



A J-ton battery locomotive in mill yard service 


a rate of efiiciency as that obtained during daylight 
operation. 

^ Power required in kilowatt-hours p«* 1,000 ft. of 
lumber sawed varies over a wide range, depending 
upon the sizes of the finished product and the com¬ 
pleteness with which the manufacture is carried on. 

At a large recently constmcted fir mill the power 
required amounts to 34 kw-hr. per 1,000 ft. of lumber 
through the mill when sawing the ^es commonly 
encountered in 'ordinary constraction. The total 
power consumption of the mill in question amounts to 
80 kw-hr. per 1,000 ft. of lumber, including the power 
required for sawing, for fans at the dry kiln, for planing, 
and for transportation. 

Another large plant handling both pine and fir and 
producing lumber of various standard sizes shows an 
over-all power consiunption of 78.5 kw-hr. per 1,000 ft. 
of lumber produced*divided as follows: 

TOTAL KW-HR. PER 1,000 FT. 


Sawmill. 26.6 

Planing mill. X4.9 

Dry kilns. 24.6 

Lighting and transportation. 12.5 

Total. 78.6 


Mercury Rectifiers 
for Subway Service 

SimpUflcation in station design, con¬ 
struction, and operation results from 
use of mercury arc rectifiers and 
metal-clad switchgear and bus units; 
ventilation and noise problems easier 
to cope with; 9,000-ampere load swings 
handled by single unit. 

By H. M. Van Gelder 

Electrical Euginecr, 

Department of City Transit. 

Philadelphia 
Member A. 1. £, B, 

D eparting from pre'vlouslyestab¬ 
lished practise, the Philadelphia 
Department of City Transit has 
iMtalled in its most recent substation, mercury arc rec¬ 
tifiers instead of the synchronous converters as installed 
at its oth^ three substations. Thischangeinequipment 
selection was brought about partly by recent improve- 
m^ts and developments in rectifier equipment, and 
partly because some difficulty had been ^perienced 
with the s 3 mchronous converters flashing over with 
exlreme load variations. Other influencing factors 
included the better efficiency of the rectifier at light 
loads, the absence of large rotating parts with their 
attendant troubles and noise, the absence of commuta¬ 
tion of heavy current, better stability under short- 
circuit conditions, and the relative simplicity of bringing 
them on the line for service. 

Initial construction of Philadelphia’s Broad Street* 
subway was started in 1924 and the first sax-mile section 
extending northward from the City Biall was placed in 
operation in 1928. Initial construction will.accom¬ 
modate four tracks, but at preset only two loc^ tracks 
are installed and in service. To’serve this first section, 
three 6,000-kw., ^jmchronous-converter substations 
(each containing two 3,000-kw. units—one as n spare) 
were built at convenient points and of sufficient size to 
accommodate equipment to serve the mq)ected ultimate 
subway development. 

An extension of the Broad Street subway south from 
the City HaU, a distance of about three-quarters of a 
mile, necessitated the construction of a fourth substa¬ 
tion to serve an immediate demand for traction power 
and to serve as a bacds for further extension. Experi¬ 
ence obtained through two years’ operation of the 
tix-mile North Broad Street unit of the subway, indi- 

Itom “Sabatattons of tbe Broad Street Subway of Philadelpliia,” (No. 
3e-173) preseated at the A. I. B. B. Middle Bastero DJstaciet meetlns, 
PbUadelphla, 0«t. lS-16,1930. 
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Substation architectural treatment is in keeping 
with surroundings 

cated by short-time peak loads, would detamine the 
capacity of rectifier units and that such peaks usually 
lasted less than ten seconds, or during the multiple 
motor operation on notching acceleration. Conse¬ 
quently the 300 per cent load rating was reduced from a 
three-minute limit to a one-minute limit, and a unit 
having a continuous rating of 4,000 amperes at 630 
volts, 6,000 amperes at 612 volts for two hoiirs, and 
12,000 amperes at 550 volts for one minute, was decided 
upon. Two units have been installed, one to serve as a 
spare. The present building will accommodate four 
units. 

Eegulation of these rectifiers closely approximates 
that of the synchronous converters in the original 
substations, tjhus making it possible for the two t 3 T)es 
of subs^tions to be operated in parallel even for ex¬ 
treme fluctuations of load. It is not intended to install 
both converters and rectifiers in one substation for 
parallel operation; and there is no necessity for it. 

Rectifiers are water-cooled, double ax-phase units, 
containing 12 anodes and equipped with automatic a.-c. 
ignition and eecitation, automatic water control, and an 
indicating vacuum regulator which controls the rotary 
pump according to predeterthined vacuum points. 
This vacuum regulator also removes the rectifier from 
service if the vacuum falls before a predetermined value. 
Thermometers with electrical contacts provide the 
necessary thermal protection for each rectifier unit. 
Saving each unit there is a static mercury vacuum 
pump and two rotary oil vacuum pumps, one of which 
is a spare. The spare pump was specified as an extra 
precaution against possible failure of the one piece of 
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rotating apparatus involved in the substation. Operat¬ 
ing experience has showii that this rotary pump operates 
not more tliail 25 per cent of the time under present 
conditions. 

The only cooling water required for the substation is 
for the rectifiers and the supply for this service is taken 
from two different city mains to insure availability of 
continuous supply. Because of the relatively light 
continuous load and the prevailing low cost of water, it 
has been found to be cheaper to waste the water than to 
provide cooling equipment for its re-circulation. 

Transformer cells or rooms are provided at each of 
the four comers of the building, an arrangement which 
permits each transformer cell to have two outside 
openings at ground level and a large individual ventila-' 
tor in the roof. One of the ground-level openings 
contains adjustable louvers and the other has a vertical 
lift door which gives entrance from the street; thus 
natural ventilation from two directions is provided. 
Since noise is practically completely absent from the 
equipment of this substation, no special precautions had 
to be observed in connection with sound-proofing and 
no special ventilating problems were involved. 

Another departure in design in this substation was 
the use of an armor-clad bus and switchgear stmcture 
affording complete circuit accommodation for the in¬ 
coming 13.8-kv. circuits, bus, oil circuit breakers, 
instrument transformers, disconnecting devices, btc. 
All cable leads to and from the armor-clad structure are 
lead-covered and wiped permanently to potheads which 
form a part of the stmcture itself. One attractive 
feature of this type of equipment is that all relays and 
connections are self-contained and mounted on the 
various switchgear units. Also, each armor-clad stmc- 
ture is completely built and assembled in the factory, 
requiring no masonry stmcture in the station except 
for foundation blocks; this simplifies both station design 
and station constmction. 

The subway d-c. power demand is of such a fluctuat¬ 
ing character and, at present, has such a low sustained 
value tiiat it was found of little use in forming or baking- 



Two 4,000/12,000-ainp^e rectifiers ifi subway 
: service; d«« a spare 
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out the rectifier. To furnish a continuous load for this 
purpose a water rheostat wlfich will absorb 1,200 
amperes has been installed to operate in* parallel with 
the traction load. If necessary, the rectifier can be 
operated six-phase or three-phase at times of bake-out 
to increase the current per anode. 

All apparatus in the substation is controlled from 
the main switchboard in an operating office on the 
rectifier floor. All other switchboards and all 630-volt 
d-c. circuits are in the basement. The d-c. connections 
from the cathode of the rectifier pass directly through 
the floor to the rectifier switchboard below. This 
board contains a remote-control positive switch and a 
special quick-acting circuit breaker for each rectifier, 
'\yith auxiliary switches and interlock so arranged that 
wlfen thiP 13.8-kv. oil circuit breaker of the rectifier unit 
is closed, all other starting functions are performed 
automatically. Thus the operator has only to close 
the positive d-c. circuit breaker control switch to bring 
the rectifier on the bus. 

The four neutral connections of each main ti-ans- 
former are carried to the basement through wall ducts to 
its interphase transformer located immediately adjacent 
to the negative bus. The neutral lead of this interphase 
transformer constitute the negative connection of the 
rectifiSr nuit and is connected to the negative bus. 

From the rectifier switchboard in the basement the 
main 630-volt positive circuit runs directly to the 
positive bus; thence through the high-speed circuit 
breakers to the feeder switchboard and out through 
underground cables and conduits to the air drcuit 
breakers and contact rail in the subway. Thus, all 
630-volt power circuits are kept off the main floor. 
Furthermore, all of these circuits are run in the base¬ 
ment by means of copper bars, no cable being used until 
the outgoing underground cables are reached. 

’ The station auxiliary switchboard in the basement 
has its principal operating circuits controlled from the 
main control board in the operating office. A 125-volt 
storage battery supplies energy for the control circuits 
while the auxiliary a-c. circuits for the rectifier units 
have three separate sources of power to insure continu- 



Mefal-ctad switchgear units simpHJy construc¬ 
tion, operation, and maintenance 
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Rectifier switchboard and high-speed breakers in 
Philadelphia substation 


ity of service—^an auxiliary station transformer fed 
from the 13.8-kv. main bus, and a second auxiliary 
transformer fed from either of two 4.6-kv. lighting 
feeders brought into the station from different power 
sources. 

Since it was placed in operation April 20, 1930, this 
heavy-duty rectifier installation has functioned satis¬ 
factorily. During early operation a few back-fires 
occurred doubtlessly due to insufficient baking-out of 
the rectifier before heavy overloads were carried. How¬ 
ever, no damage was done and now loads of 10,000 
amperes are taken by one rectifier unit. There has 
been no signal or telephone interference experienced as 
the result of the operation of this substation. Tele¬ 
phone circuits in the district are carried in underground 
cables. 

Since the converter stations also are relatively new 
and represent current practise a brief outline of ther 
equipment and operating characteristics may be of' 
some interest. At present there are installed in each of 
these original substations duplicate compound-wound 
360-rev. per min. 60-cycle converters,^ which were 
characterized at the time of their installation ^ being 
•the largest that had been built* for 630-volt traction 
loads. The actual rating of each machine was 3,000 
kw. at 630 volts for continuous duty when supplied with 
six-phase 60-cycle power at 100 per cent power factor; 
4,500 kw. at 630 volts for two houra, and 6,000 kw. §,t 
560 volts for three minutes. 

The starting and control system for these converters 
has some unique features; it was designed for star-delta 
starting by the automatic switching of the high-voltage 
windings of the transformers; for assuring correct 
polarity; to avoid error in brush position; and to prevent 
closing a dead machine onto the bus. The sequence of 
opwations when starting the conva^r is as follov^: 
To insure correct polarity, the field is excited from the 
control-battery circuit before the main oil drcuit 
breaker can be closed by the control s\Wtch. The 
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closing of the oil circuit breaker completes the closing 
circuit of the star oil switch, if the brushes on the con¬ 
verter are raised. When the converter has attained 
synchronous speed a relay bridges a gap in the tripping 
circuit of the star oil switch, and this circuit is com¬ 
pleted by another relay which closes at a definite value 
of the field current after the field switch has been 
thrown over to self-exdtation. The star oil switch on 
opening completes the closing circuit of the delta oil 
switch, provided the oil circuit breaker continues closed. 
The oil circuit breaker is trip-free during these opera¬ 
tions so that full protection is assured. The d-c. 
switches and circuit breakers are electrically operated, 
but before the positive switch can be closed the delta oil 
switch must be closed, brushes lowered, equalizer 
switch closed, and positive circuit breaker closed. 

The oil circuit breaker will open on over-current or 
low voltage and, by interlock control, automatically 
opens either the star or delta oil switch and the d-c. 
circuit breaker. The d-c. breaker opens on over 
current, reverse current, over speed, or under voltage, 
and upon opening, opens the positive switch and the 
equalizer switch. 

In the event of a converter flashover, a ground relay 
opens both the oil circuit breaker and the d-c. breaker; 
thus it may be seen that many of the operations are 
automatic, the operator performing only the initial 
movement of a sequence. The design also assures 
^eed of operation and prevents an operator from 
making mistakes in putting a converter on the line. 
At the time of an imexpected failure of the power supply 
to a substation, the operator was able to clear all feeder 
drcuits and auxiliaries, ordered power on again, started 
up the station, and established full d-c. feeder sarvice 
in three minutes. 



Section through a converter substation where 
ventilation and sound-proofing must both be 
assured 


These three substations have been in operation for 
over two years and all Equipment has functioned very 
satisfactorily.' The converters have flashed over oc¬ 
casionally but have not averageSd more than two or 
three per year per machine; and when they do occur, 
the damage is slight and usually the machine does not 
have to be left out of service. The flashovers generally 
occur at times when a heavy load is suddenly cut off, 
particularly where a limited short circuit occurs which 
does not open the high-speed breaker but clears itself 
or is cleared by a subway air circuit breaker. Ap¬ 
parently the flashovOTS are due to large synchronizing 
currents caused by angular displacement of the arma¬ 
ture after heavy momentary load. 

One operator and a helper are on duty in each station 
at all times. 

♦ ♦ ♦ 

Electrolysis Survey 
at Louisville, Ky 

Cooperative committee finds that 
electrical drainage is only a partially 
effective measure in the protection of 
pipe systems. 

By W. C. White 

Southern Bell Tel. & Tel. Oo. 

Atlanta, Qa. 

P REVIOUS to 1926, no concerted 
action in respect to the electrolysis' 
of underground metallic structures 
in Louisville had been taken, although the individual 
action of the water, gas, and electric and railway, 
companies had served to mitigate specific cases of 
trouble. Realizing that the electrolysis problem could 
be solved only by securing complete data on all of the 
underground metallic structures, a conference of the 
public utility companies was held which resulted in 
the formation of the Louisville Electrolysis Committee 
in which ^1 of the public utilities were represented. 
A citywide electrolysis survey and test procedure were 
planned the ^pense of which was prorated among the 
interested utilities. 

A potential survey was made of tte entire city, tests 
being made at over 6Q0 points. It was found advan¬ 
tageous to use recording meters, and twelve of the 
smoked chart types were mounted on a truck with 
suitable switehing airangements for connecting them 

Vrom "A Gooperattve BlectrolTeds Survey in Lotdsv^, Ky.,’’ presented 
at A. I. B. B. Southern nistriet meetliigi Loulsvllte, By,, Nov 19-22 1930 
(No. 30.1S9.) - , . 
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between various structures and between structures and 
earth. 

A current survey of sub-surface structures supple¬ 
mented the potential survey, in determining probable 
hazardous conditions and furnished valuable data for 
consideration in the application of remedial measures. 



Specially equipped truck typical of those used in 
Louisville, Ky„ electrolysis survey 


A current survey of cable systems is a relatively 
simple procedure and in a great many cases will indicate 
hazardous conditions where they would not otherwise 
be located. , Approximately 72 such test stations were 
established on the underground systems of Louisville 



A graphical method of presenting electrolysis 
survey data for joint study 


and 24-hr. records were made of the stray currents. 
Numerous measurements were also made of track- 
potential drop and track-potential gradients. 

Soil resistivity tests were made on 180 samples which 
differed widely, but averaged about 5,000 ohm/cm. 

data were assembled on cards at the time when 
current or potential tests were made. A card was 


prepared giving the number and location of the test 
point and cross-referenced with the corresponding 
records. On the reverse side of this card was shown a 
diagram of the test point and the location of structures 
to which connections were made. This was done in 
order that any test could be repeated with identical 
connections at any time. Those portions of the data« 
capable of graphical presentation were plotted on maps, 
the areas indicated by the positive potential ordinates 
being colored red and that of the negative potential 
ordinates, blue. 

When sufficient data were obtained in anj’’ section 
from which definite conclusions could be reached; the 
electrolysis committee, which met weekly, recommended 
mitigative measures in order that these might be applied 
as the survey progressed. 

No quantitative results are given, but the success of 
the methods outlined in improving the general elec¬ 
trolysis conditions in the city has resulted in the 
continued active existence of the committee which 
functions as a central clearing house for the investi¬ 
gation of all matters relating to electrolysis in Louisville. 

♦ ♦ ♦ 

Fog-Type Insulators Eliminate 
Transmission Line Flashovers 

A ccording to a. C. Nielsen company, engineers, 
Chicago, and J. E. Woods and E. T. Ankele, 
respectively chief engineer and operating engineer for 
the Central Power & light Company, San Antonio, 
Texas, Lapp standard fog-type insulators have been 
instrumental in solving a troublesome transmission line 
problem on the power company's 17-mi., 66-kv. trans¬ 
mission line between Sinton and Robstown, Texas. 
The line in question is subject alternately to dust and 
salt fogs, and for some time prior to its reinsulation 
there occurred an average of some ten insulator failures 
and consequent service interruption. j^aJysis of 
maintenance costs showed an avorage expenditiire of 
of $152.50 annually to cover nedessary replacements, 
and this together with troubles arising from interrup¬ 
tions to important service brought about a reinsulation 
which was completed about two and one-half years ago. 
At that time the 66-kv. pin-type units previously in 
service were replaced each by three No. 6805 fog-type 
units. It is stated that insulator failures due to arcover 
have been eliminated entirely. 

The line in question js carried on H-frame structures 
for the most part, using 22-ft. wooden crossarms giving 
a 10-ft. 6-in. spacing between conductors. Supporting 
I-bolts of the insulator strings are grounded to a copper 
strip running along the top of each crossarm anjji 
grounded by wires extending down the pole and 
wrapped around tiie base of the pole before erection. 
The line is rated at 15,000 kv-a., 66 kv. 
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Railroads versus 


Transmission 

Double use of railroad right-of-way 
permits high-voltages transmission 
lines to penetrate closely built-up area; 
also effects economies through coordi¬ 
nation in railroad electrification and 
transmission construction. 

By W, W, Woodruff and G. 1. Wright 

Superintendent Aerial Lines Engineer Electric Traction 

Philadelphia Electric Company Beading. Company, Philadelphia 
Associate A. I. B. B. Member A. I. E. E.* 

B ecause of a combination of fac¬ 
tors, Philadelphia has been obliged 
to take severi steps in the matter 
of utilizing railroad rights-of-way for electric power 
transmission pmposes and probably has made advance 
furthCT along these lines than any other dty in this 
country. . 

While in other localities, the same factors may not 
be operative with relative importance it is probable 
that in the immediate vicinity of any large cities 
there are, or will be, a combination of circumstances 
which make the utilization of railroad rights-of-way 
for electric power transmission purposes both essential 
and expedient . 

It is felt that the results obtained in Philadelphia 
have been highly satisfactory—beneficial to both the 
railways and the el^trical industry; a widw knowledge 
as to the general futures should be of interest to 
others. 

In order to make the situation clear it will be well to 
review* the Various factors involved, briefly tracing 
developments through several stages. 

Philadelphia is located ou a peninsula formed by the 
junctions of the Schuylkill and the Ddaware Rivers. 
South bf the SchuylM River there is an industrial 
development which extends through Chester and 
Marcus Hook to the State of Delaware, West of the 
Delaware River there Is an urban section of congested 
development from one to idx piiles deep, extending for 
about twenty miles along the water front. Back of 
this strip is an aiea of suburban and semi-rural develop- 
m^t forihing a belt probably some twenty miles deep 
and extending from the vicinity of Trenton to the 
Maspn-Dixon Dihe. 

From ''UtilizatioxL of Bights-of^Tray Trans- 

mlsston Cloordli^tioiL with: Ballro^ Electirlficat^^ (No. 30-174) 
atl^ A. L E, E, Middle Eastern Pistrict meeld^, Phiiadel- 
Oct, l8rl6,T980, 
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Lines 

The main steam plants of the Philadelphia Electric 
Company supplying this region with electrical energy 
are of necesrity located along the Delaware River. A 
glance at a map of the territory indicate that plants 
along the Schuylkill would be better strategically 
for feeding this specific territory. However, large sta¬ 
tions on this river are impractical because of the fact 
that the river flow is comparatively small. The oldest 
station of the Philadelphia Electric Company is located' 
on the Schuylkill and is still in operation, but for a 
number of years it has not been advisable to add to 
its generating capacity and it is doubtful if it will 
ever be expedient to rebuild it. Consequently, a major 
problem of means to carry power into Schuylkill station 
has been to establish other strategic points of large 
capacity supply, and to tie these in with the larger 
generating stations in the territory and outside sources 
of supply. 



Fig, l, A 66i’kv. four-circuit tower on a restricted, 
right-of-way of the Reading mitrodd 
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2 . Four-circuit 66-kv. tower on Reading 
railroad right-of-way where space is available 
outside of tracks 


In considering the transmission of large blocks of 
powOT from outside sources into these urban centers, 
securing a satisfactory right-of-way to the economic 
centers of distribution is frequently almost impossible. 
Through highly developed districts various railroad 
lihes form the only feadble routes. Practically all 
rights-of-way are railroad property. 

The first major problem of this kind in Philadelphia 
cmginated about 1915-16, when in order to back up 
the older station and t^e advantage of the more 
economical generation at the newer station it became 
essential for the electric company to have a 66-kv. 
transmission line between Schuylldll station in Phila¬ 
delphia and the new Wataside station in Chester. 

The only feasible route between these two stations 
was along a freight line of the Reading Railroad and a 
short section of the Painsylvania Railroad which ran 
between Philadelphia and Chester. Practically all the 
property along this railroad route was either already 
developed or had sor'much of potential value for future 
manufacturing sites that its purchase for transmission 
lines and the securing of a permanent right-of-way 
over it, were out of the question. Consequently, the 
transmission line was built largely on the railroad right- 
of-way. The type of agremnent ^tween the companies 
was one which might naturally be expected in a period 
when conmderable diffmence of opinion regarding wire 


crosangs, (Pennsylvania General Order No. 13 and 
other items) existed between the railroads and power 
companies, and naturally, the agreements had a revoca¬ 
tion clause, as was then customary. 

A similar situation developed in 1924 in connection 
with a project of the dectiic company’s for inter¬ 
connection between Philadelphia and Trenton. The. 
district immediately adjacent to the Richmond Station, 
from which circuits must run, was so highly developed 
that the only expedient was to run underground cable 
for a distance of about four miles and then construct 
a 66-kv. steel tower transmisrion line on the Oxford 
branch of the Pennsylvania Railroad for a distance 
of about five miles. 

The electric company was loath to invest several 
hxmdred thousand dollars on a right-of-way where it 
had no really permanent and irrevocable rights; at 
the same time, the rmiroad company was loath to 
grant any permanent rights on its property owned for 
transportation purposes. In this case the question was 
solved by the electric company purchasing in fee 
simple the additional property outside the line of pro¬ 
posed tracks, which it had been necessary for the 
railroad company to secure for cutting and filling in 
road-bed construction. In return the electric comi>any 
gave to the railroad the right to cross its fee-simple 
right-of-way to reach adjoining industrial develop¬ 
ments wherever necessary, receiving certain rights to 
maintain wires overhanging the railroad right-of- 
way. 

This agreement was greatly preferable to the revoc¬ 
able type mentioned previously, and was obviously a 
step forward in cooperation, but could hardly be called 
complete coordination. 

The lines mentioned here were of comparatively 
small capacity. A much more serious situation 
developed when it was necessary for the electric com¬ 
pany to make plans for bringing into its metropolitan 
system the Conowingo power output. In this project 
transmission had to be provided not only for Conowingo 
power itself but also for power involved in the. inter¬ 
connection between the Philadelphia Electric Company, 
Public Service Electric and Gas Company of New 
Jersey, and the Pennsylvania Power & light Company. 
Transmisaon capacity of about 600,000 kiy. was 
required. 

Obviously it was necessary to deliver this amount of 
power well into the highly developed sections of the 
city at as high a voltage as practicable; and it was 
equally obvious that it iVas dearable to bring it in as 
far as posable on aerial construction. Initially, it was 
quite evident that a considerable portion of this power 
must be distributed to the various generating stations 
in the city by means of 66-kv. undm'groimd cable, but 
on account of the investment, this length of cable must 
be kept at a minimum. 

The only feasible route into the hi|^y developed 
territory to a point desirable from a ’^stribution 
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Fig^ 3. (Left) Latest type of tower used on 
restricted Reading right-of-way, providing for 
three 66-kv» power circuits and four 
railroad circuits 

Figm 4, (Right) Special two-circuit tower for use 
along side of railroad tracks 

standpoint lay along two lines of the Reading Rail¬ 
road paralleling the Schuylkill River from a point 
slightly inside the city limits, the latter point being 
accessible by the conventional aerial construction on 
private right-of-way. 

The situation required an agreement which would be 
mutually satisfactory to the railroad company and the 
electric company. Obviously, a project forming so 
vital a link in so large and important an undertaking 
must have a permanent status; its continuity must not 
depend* upon any revocable clause or other considera¬ 
tion which did not guarantee permanent and perpetual 
rights to the electric company. It was equally obvious 
that the railroad company was in the same dtuation 
and must preserve permanent rights for TOflintaining 
its operating facilities, as well as the ability to change 
and increase those facilities as conditions required. 

Occupation of railroad right-of-way for electrical 
.transmission can in no wise be considered similar to 
t^je utilization of public highways. Due to its prior 
development the railroad company owns outright and 
in fee. simple the major portion of its right-of-way; 
consequently, it gives up none of the rights invested in 


the ownership of property or in anyway limits itself in 
the development of its facilities. 

With the Reading Railroad situation, these factors 
were readily appreciated rat the’’ beginning; it was ob¬ 
vious that the conditions required consideration and 
the finding of a satisfactory solution for— 

(a) the designing of the structures of strength ade¬ 
quate to meet severe conditions of climatic loading, 
and the rules and regulations of any public service body; 

(b) designing and locating the structures so that they 
woudl not interfere with the operation of the railroad 
company’s existing or proposed tracking and facilities; 

(c) locating and designing structures to serve 'Us 
supports without interfering with supports ^r the 
future railroad electrification circuits; 

(d) in the event of alteration, augmentation, or 
reconstruction of the railroad facilities, to provide for a 
joint study of the situation for the most economical 
means of improvement; 

(e) reconstructing or altering the signal and com¬ 
munication system so as to secure satisfactory opera¬ 
tion under inductive coordination conditions of future 
railroad electrification and train control; 

(f) the apportionment of costs resulting directly 
or indirectly from occupation of the railroad company’s 
right-of-way by transmission circuits the electric 
company’s; 

(g) the determination of a rental charge for rights 
of occupation. 

The final agreement recognized all these factors. 

The advantage to the electric company is chiefly a 
permanent right-of-way through a district precluding 
independent ownership from either a fina ncial or a 
public policy point of view. But the electric company 
assumes a considerable liability. 

The benefits to the railroad company are; 

(a) the control and coordination of the physical 
and inductive conflict which might arise were electric 
lines to bejocated off the right-of-way but paralldi 
to it; 

(b) obtaining supports for its electric transmission 
and catenary circuits; 

(e) the alteration of all signal and telegraph facili¬ 
ties to be unaffected by the operation of the electric 
company’s facilities also safe-guarding railroad electri¬ 
cal operation of trains; 

(d) an annual rental charge for occupation of right- 
of-way. 

One Important feature should be remembered; were 
the electric company obliged to purchase a right-of-way, 
a considerable portion in this case would have either 
paralleled or been in dose proximity to the railroad 
right-of-way. While the feature of physical interfer¬ 
ence would have been decreased, the inductive inter¬ 
ference situation would have been almost the same as 
exists with the transmission circuits on the railroad 
right-of-way. 
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It is not intended to give here a detailed description 
of the structural features; they are of greater interest to 
the structural than the electrical engineer. Only a 
few points of major interest wi]I be mentioned. 

The general electrical features for the electric com¬ 
pany’s transmission circuits are very much the same 
as those now used for 66-kv. lines on the conventional 
steel-tower type construction; that is, the vertical 
separation between conductors is approximately 10 ft., 
the minimum clearance to steel work 2H ft., with the 
circuits protected by ground wires to avoid lightning 
disturbances. 

In the original installation of about 41^ miles on the 
m^n lipe and Richmond branch of the Reading Rail¬ 
road, provision was made for four three-phase circuits, 
it being originally intended that two of these circuits 
would be reserved for the electric company and the 
other two positions for the railroad company. (Fig. 1) 
With the further development of the railroad company’s 
plans it proved feasible to change the formation of the top 
of the structure so that on the recent Norristown branch 
construction three three-phase transmission circuits 
were provided for the electric company and space for 
two two-wire circuits for the railroad company. (Pig. 3) 

To meet the requirements necessitated by future 
track osnstruetion, right-of-way, etc., several expedi¬ 
ents in the design of structures were necessary. For the 
greater part of installation on the main line and Rich¬ 
mond branch, located on a cut on the side of a precipi¬ 
tous slope, there was sufficient room on the side of the 
cuts and fill to place the structures outside the line of 
any present or proposed tracks, (Pig. 2); but as the 
more congested portion of the city was approached, the 
right-of-way conditions naturally became constricted 
and in some locations the conditions could be met only 
by a bridge type of construction which completely 
spanned a four-track roadway. At other locations it 
was possible to meet the requirements by dividing the 
construction, placing the towers on opposite sides of the 
right-of-way with one circuit going through the center 
of the structure and the other circuit ove rhanging the 
roadway. (Fig. 4) 

In the construction on the Norristown branch of the 
Reading railroad the right-of-way is very much con¬ 
stricted for about the first three miles from termination 
of the line. Throughout this section it was necessary 
to utilize the bridge type of construction over a pro¬ 
posed four-track roadway. This roadway involved a 
project to eliminate a grade crossing and several in¬ 
teresting situations had to be considered. 

In certain portions^ retaining wall was to be built and 
the design of foundations for transmission structures 
must necessarily be coordinated with the design of the 
retaining wall, the tower footinp forming portions of 
this wall. In another location a steel viaduct was to be 
constructed so designed at the necessary location that 
the steel work for the transmission structures Could be 
attached directly. 
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One dremt of the new construction should now be in 
operation, service on the initial construction being of 
something over two and one-half years standing with 
very satisfactory results. 

By words of conclusion, transportation of coal from 
the mines to urban centers, and of electrical epergy 
from hydroelectric supply sources to these same centers, 
affect all industry and directly or indirectly a large 
proportion of the whole country’s population. 

The more intensive the use of rights-of-way for the 
transportation of these commodities and the successful 
coordination of the problems involved, the greater the 
tribute to the managements of the respective com¬ 
panies. Cooperation cannot but result in substantial 
public benefits. 

♦ ♦ ♦ 

Synchronizing 
With Vacuum Tubes 

T he day’s tense moment in the old time 
power plant came when big machines 
WCTe synchronized—pilot lights undulating dim and 
bright, the pointer turning slowly and more slowly; 
an instant of resolve and the switches slammed in. 



No movini part^ in this synchronizer 
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Then eitha: a protecting grunt from the machines, or 
a sigh of relief from the operator. 

All this is gone by, and now even the mechanical 
sjmchronizers of recent years may be replaced by a 
Westinghouse vacuum tube arrangement of 1930 which 
having no moving parts and demanding but five volt- 
amperes can draw its energy from a condenser 
bushing—a substantial advantage over mechanical 
synchronizers which, requiring 66 to 160 volt-amperes, 
must be fed from expensive potential transformers. 
The low power consumption of the new s 3 mchronizer 
is partly due to the use of hipemick in small trans¬ 
formers embodied in it. 


The principle of operation involves current based on 
the beat frequency between the two circuits rectified 
and used to control the grids of the vacuum tubes. 
The two simple adjustments are made by radio type 
rheostats. One changes the frequency ^fference at 
which it vTill ssmchronize (usually Ve cycle); the other 
adjusts the angle of advance to allow the circuit breaker 
to close at acact synchronism. 

The new synchronizer is twice as accurate as the" 
most skilful human operator, and should last longer 
if calculation goes for anything; its only mortal ele-'' 
ments being two standard radio tubes good for 1000 
continuous hours and used but five minutes a day. 


Saturation Phenomena 
in Potential 
Transformers 

Exp^iences with grounded-neutral 
Y-connected potential transformers on 
ungrounded systems emphasize certain 
dangerous “saturation phenomena” 
which frequently occur. Two applica¬ 
tions are outlined here and preventive 
measures recommended. 

By C. T. Weller 

General Bngj^eering Labdratory, 

General Electric Oompany 
Member A, I. E. B, 

M ethods for preventing the oc¬ 
currence of the peculiar and 
dangerous “saturation phenom¬ 
ena" caused by the two applications of Y-connected 
potential transformers to three-phase, three-wire sys¬ 
tems are outlined in this paper. One of the systems 
opeiates at 12 kv., 60 cycles, and the other operates at 
at 110 ky., 25 cycles. In each case the neutral of the 
^potential transformer bank was grounded but the sec- 
tiph of the system invplved was ungrounded. Although 
not in accordance with the best practise for poyp'fir 
transformers, (because of the a,pparent suppression of 
the third harmonic and its m^tiples 6f exciting cur¬ 
rents), such applicatibns have been made for the 
fording of piptection of equipment against grounds, 
the ecpnoiny resulting from the use. of X/J/ instead of 
(abbreviations I(/JV for “line-to-neutral” and L/L 

item ‘*B3q>eri6ace8 Gromw^-Neutpal Y-Ooimected PoteiitM 
Transformers on Ungroimded Systems,** (No. 30-1S2) presented at the 
A. liB.E.SdbtoM Disladct meeting, iioialsvllle, Ky., Not. 19-22, 1930, 
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for “line-to-line“ are used) potential transformers and 
the maintenance of the isolated-phase scheme for such 
installations. 

It may not be generally appreciated that such applica¬ 
tions frequently endanger connected equipment in 
addition to creating special rela 3 dng and synchronizing 
problems. SuflSident data are included to illustrate 
the inherent danger and to afford a basis for the “general 
recommendations” made. (For discustions from theo¬ 
retical standpoints, companion papers, “Physical Na¬ 
ture of Neutral Instability,” by A. Boyajian and^O. P. 
McCarty, and “Theory of Abnormal Line-to-Nwtr^' 
Transformer Voltages,” by C!. W. La Pierre, are relied 
upon. These papers were presented at the Southern 
District meeting in Louisville, Ky., Nov. 19-22, 1930, 
and are reviewed elsewhere in this issue.) 

The potential transformers were detigned for normal 
operation at L/N voltage and for onetgency (two- 
hour) operation at L/L voltage. Temporary operation 
in case of a ground on one line of the. imgrounded 
section, which would apply L/L voltage to two of fhe 
potential tiansformers, was thus provided. Their 
ratings are given in Table L 


TABUS I 

BATING OF POTENTIAL TRANSFOBMBBS 




Volts 

Oycl^s 

Yolt-amperes 

Operating (.L/N) 

arcuit (L/L) 

00.., 

.,:. 200, 

7 200T20 

to nAA 

26,.. 


, ...63.600 ;63.6..,. 

.110,000 


Summary of Results 

The peculiar and dangerous saturation phenomena 
here described briefly were obtained frequently, when 
voltage was applied to ground'd-neutral, Y-connected 
potential transformers on temporarily ungrounded 
systems by closing im oil switch; at other times, the 
anticipated normal results epnsdsting of balanced L/N 
voltages equal to approxima,tely 68 per c«it of the 
applied L/L voltages were obtained under the same 
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TABLE II 

12-KV., 60-OyCLE SYSTEM 
7.2-KV. POTENTIAL TRANSFORMERS 
COMPARISON OF PHENOMENA X, B, AND C WITH NORMAL 
SECONDARY VOLTMETER READINESS 
fApproximate Primaugr Volts « Tabulated Volte X 60) 


Line-to-Line {L/L) Liiie-to-Neutral (L/N) 


Per cent* 

1-2 2-3 3-1 l~N 

2-N 

3-N Phenomenon 

94. 

Capacitance to ground of 12-kv. circuit, 0.035 fxt 
..194.6..194 ..196.5..113 ..115 ...111. 


94. 

..194.2..194 ..195.2..195 . 

. t .. 

..180. 

.A 

100. 

..206 ..206.6..206.8..195 . 

. t .. 

..183. 

.A 

100. 

..206.5..206 ..207.4.. f . 

.174 . 

. .194. 

.A 

100. 

..206.5..206.5..208 ..187 . 

.187 . 

.. t .... 

.A 

104. 

..216.2..216 ..218 ..126 . 

.126 . 

..122. 


104. 

, .213.4. .212.8. .216.4. .194 . 

. t .. 

. .180. 

.A 

104. 

..215.8..214 .,217.6..123 . 

.125 . 

..122 ... 


104$. 

..209 .,207.6,.211.6..334.6. 

.331.6. 

. .336. 

.B 

100. 

ioo(. 

Oapacitanco to ground of 12-kv. 
..207 ..208 ..209.2..120 . 

circuit, 
.119 . 

0.846 pf. 

. .122. 


..197.6..199 ..200 ..147 . 

.148 . 

..149. 

.C 

113. 

..233.6..236 ..234.8.. 134 . 

.133 . 

..138 .... 


list. 

..224 ..226 ..227 ..156 . 

.165 . 

. .166. 

.C 


''^Approximate—^based on potential transformer “rating” of 208 volte 
L/L ( » 1.73 X 120 volte L/N). 
tVolte too low to read on 600-volt voltmeter. 

(Supply voltage practically unchanged from previous reading. 

system conditions. The operating conditions are indi¬ 
cated in Fig. la when ''oil switch F* is open and voltage 
is applied to “ungrounded section U” from “source JI" 
by do^g “oil switch I/." Also, test connections are 
given in Pig. 3. The phenomena will be considered 
under three classifications, A, B and C; (a fourth clasa- 
fication D covers a somewhat specid case). The 
phenomena are represented in Pig. 2 and are shown in 
Pigs. 4, 5, 6, and 7. Representative secondary volt¬ 
meter readings obtained are given in Tables II and III. 

Phenomenon A consists of a displacement of the 
neutral (or ground) of the potential transformers from 
its normal position at the center of gravity of the delta- 
voltage triangle to a position near any vertex; the 
displaced neutral may be either inside, on the edge, or 
outside of the triangle. Approximate L/L voltage then 
appears on two of the potaitial transformers, while a 
small voltage of vary distorted wave shape appears on 
the third potential transformer. Phenomenon A oc- 


TABLB III 

llO-KV., 28-OrsrOLI! SYSTEM 
68.6-KV» POTENTIAL TBANSPOEMBBS 
COMPARISON OP PHENOMENON A WITH NORMAL 
SECONDARY VOLTMETER RBADINOS 
(Approximate Primary Volte -» Tabulated Volte X 1,000) 


lilne-to-Llne {L/L) 


LIne-to-Neutral (L/N) 


Per cent* 

1-2 2-3 3-1 

1-N 

2-N 

3-N Phenomenon 

loot . 

..110.3..111.8..109.6. 

. 64.1. 

. 04.2. 

.64 . 

110... 

..122.7..123.8..121.4. 

. 70,4. 

. 71.3. 

. 70.6. 

110.. 

..119 ..121.8..119.2.,138.2.. 22t...129.8..X 

Duplicate bank of potential transformers added 

100. 

..110.2..Ill,9..109.8. 

. 63.5. 

. 64 , 

. 63 . 

100 . 

..no ..no. 6 .. 108 .3, 

, let.. 

.113.8. 

.122.6,.,..,X 

no . 

, n22.2..123.2..122 . 

. 70.3. 

. 71.2, 

. 70 ... 

110 . 

.121,6..121.7, .120.8. 

. 13t.. 

.114,3, 

.121 . X 


’''Approximate—Abased on poteutial transformer “rating*' of lio volte 
L/L ( » 1,73 X 68.6 volte L/N), 
tEstlmated value. 

(^Phenomenon A not obtainabl . 
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curred frequently under some conditions (but not at all 
under other conditions) on both the 12- and 110-kv. 
systems. 

Phenomenon B consists of an oscillation at double 
frequency of the neutral (or ground) of the potential 
transformers outside of the delta-voltage triangle. 
Equal or balanced voltages of unsymmetrical*wave 
shape and about 2.7 times normal magnitude appear 
on the three potential transformers. These voltages 
are accompanied by balanced exciting currents of 
sharply peaked wave shape and about 10 times rated 
full-load current in magnitude; operation well up on 
the saturation curve is indicated thereby. Distinctly 
audible beats occur with a frequency of from about 
30 to 170 per minute; excessive corona also occurs. 
Phenomenon B is represented in Pig. 2c. 

Phenomenon B started frequently under some con¬ 
ditions but held only long enough to take instrument 




Fig. 1, Schematic Diagrams: (a) typical system 
connections, (6) elements of circuit V 

readings at rated L/L voltage or higher on the 12-kv. 
system; and even then, only at certain times. 

Phenomenon C consists of an oscillation at half 
the frequency of neutral (or ground) of the potential 
transformers inside of the delta-voltage triangle. 
Equal or balanced voltages of unsymmetricaT wave 
shape and about 1.2 times normal magnitude appear 
on the three potential transformers. These voltages 
are accompanied by balanced "excilang currents of 
sharply peaked wave shape ^d about 15 times rated 
full-load current in magnitude; operation at a point 
on the saturation curve well beyond that for phenome¬ 
non B is indicated thereby. Distinctly audible beats 
occur mtii a frequency of about 240 per minute. Phe¬ 
nomenon C occurred frequently under one condition 
only on the 12-ky. system. 

The occurrence of phenomena A, B, and C, as shown 
by sustained instrument readings, was prevented in 
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all cases by adding suffident secondary burdens of 
resistance. The values (at 120 volts) of the protective 
resistor burdens required on the 12-kv. system are as 
follows: phenomenon A, at all voltages tried, 72-volt- 
amperes; phenomenon B, about 20 volt-amperes; 
phen9menon C at rated L/L voltage, 72 volt-amperes. 
,A burden of 72 volt-amperes, therefore, was provided 
for each transformer. Similarly, the burden values 




Fig. 2 Representations of voltage phenomena by 
means of vectors 

(a) Normal condition, neutral N coincides with center of 
gravity Z of d^tar-voltage triangle 1-2-3, G)) Phenomenon A, 
neutral N located near one vertex of delta-voltage triangle 
1-2-3. (c) Phenomenon B, neutral N oscillates at double 

frequency outside of deltarvoltage triangle 1-2-3. (d) Phenom¬ 

enon C, neutral N oscillates at half frequency inside of delta- 
voltage triangle 1-2-3. 



Fige 3. Schematic diagram of connections for 
tests on 60^cycle system 
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Fig. 4. 7.2^Kv. potential transformers— 
phenomenon A 

Ourve A^ voltage 2-N; curve B, voltage 3-JV; curve C, voltage 
JV-1 


(at 63.5 volts) required on the 110-kv. system are: 
phenomenon A (and B) at all voltages tried, 900 volt- 
amperes per transformer with one bank of potential 
transformers or 600 volt-amperes per transformer 
with two banks of potential transformers. 

In further tests made on the 12-kv. systeifi (capaei^- 
tance to ground 0.035 fd.), phenomena A and B also 
occurred when a bank of 13.2-kv. potential transformers 
was connected in multiple with the bank of 7.2-kv. 
transformers; however, neither A nor B occurred when 
the 7.2-kv. bank was disconnected. 



Fig. Sa. 7.2-Kv. potential transformers 
phenomenon B 

Curve A, voltage 3-JV; curve B, voltage 2-N; curve C, volt¬ 
age 1-iV 



Fig. Sb. 7.2~Kv. potential transformers— 
phenomenon 

Curve A, current line 2'; curve B. voltage 2-iV; curve C, 
voltage 3-2 


Phenomenon B occurred when a bank of 6.9 kv., 
1.5-kv-a. distribution transformers was connected in 
alone. A different phenomenon (D) occurred when 
the 5.96-kv. tap on this bank was used (this tap of 
course would not be used in practise on a 7.2-kv. 
circuit). Phenomenon D consisted of an oscillation 
at triple'frequency of the neutral (or groimd) outside 
of the delta-voltage triangle; equal or balanced voltages 
of about, 3.5 times normal appear on the three trans¬ 
formers; audible “buzzing” and excessive corona occur. 
Phenomenon D did not hold long enough at any time 
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to obtain a complete set of instrument readings; evi¬ 
dently D is eafd^ to prevent than B. 

SignipicXncb ©p Results 

Phenomena A, B, and C and the conditions imder 
which they occur are not characteristic of any particular 
ungrounded system or t]^ of tiansformer. As phenom¬ 
ena B and C endanger the potential transform^s them¬ 
selves so the former also ^dangers other connected 


the “broken-delta” would opaate frequently, although 
no accid^tal ground existed on the system. 

These difficulties can be overcome in various ways; 
such as by grounding the sections of the ssrstem, by 
uting the L/L connection for all potential transformms, 
by providing protective resistor burdens for L/A[-rated 
potential transformers or by uang piotential trans¬ 
formers of conadwably higher than L/iV-voltage 
ratings for the L/N connection, and thereby lowering 
the point on the saturation curve at which the trans¬ 
formers normally opiate. 





Fig. 6. 7.2 -Kp. potential transformers^^ 
phenomenon C 

Curve A, voltage S-iST; curve B. current line 8'; curve C, 
voltage 1-3 

equipment. All three phenomena tend to cause in¬ 
correct synchronizing and incorrect relay operation; 
the ffifficulties depend to some extent on the secondary 
connections used. 

Y-Conneeted Secondaries, Ordinarily, if any one of 
the L/N voltages tiiould be chosen for synchronizing 
purposes, it is evident that the indications frequently 
obtained would be contiderably in error both in magni¬ 
tude and in phase iiotition, to say nothing of wave shape 


General Rbcommpjtoations 

These recommendations are intended to serve as a 
guide in the application of grounded-neutial, Y-con- 
nected potential transformers to tiiree-phase, three- 
wire sy^ms or sections thffeof, which temporarily or 
permanently are ungrounded. 

TABIiB IV 

APPBOXIMATB BBLATIVB VALUES OP PROTBOTIVB BESI3TOB 
BUnnBNS BBQmRBD TO PRBVBNT OOOUBRBNOB OP 
.PHBNOMBNA A, B, AND C 

Y-Ck>imected Potential Transformers 


Normal B^tive 
Primary Voltage Value of 
System or Section Neutral Neutral Bating Burdens 


r... Grounded . L/N .,..1.0 

Ungrounded temporarily { ... Grounded. L/L .0.6 

[ .. .Grounded.2 X L/N . 

{ ...Grounded. L/N .1.6 

... Grounded. L/L .0.76 

...Grounded.2 X L/N .0.25 



Fig. 7. Six &3.S-KV. potential transformers {two 
Y^banks)^start of phenomenon A {and B) 

Curve A, voltage curve B. voltage 2-N; curve O, volt¬ 
age l~N 

and frequency. This particular difficulty could be 
overcome readily by uting any one of tihe L/L voltages; 
however, the correct ^ective secondary, values would 
not ^ indicated by tiie voltmeters for phenomena B or 
C, although this error would be small (see Table U); 

there might be some disturbance caused by throw¬ 
ing blether two sj^tems, one of which was bring 
subjected to phenomena A, B or C. 

*^Brokm-D^*’-Connected Secondaries. Ordinarily, 
the high-impedance “ground rriay” connected across 


Protective resistor burdois should be used in prac¬ 
tically all cases if the occurrence of phenomena A, B, 
and C is to be prevented under all imssible op^ting 
conffitions. It is always derirable to keep the volt- 
ampere ratings of such burdens as small as posrible and 
this involves a consideration of the charactaiatics 
of each proposed installation. The magnitude* of the 
burdens provided for the potential transformers of 
L/j^-voltage design on the 12-1cv. and llO-kv. systrins 
was determined experimentally and a rough idea of the 
general requirements was thereby obtained; tiSie mag¬ 
nitude of these burdens constitutes the standard of 

reference for the relative values in Table IV. 

% 

A differentiation is made in Table IV between tem¬ 
porarily and permanently ungrounded systems. The 
ratio of tiie volt-ampcre ratings of the protective bur¬ 
dens recommended for the two conditions is about 
1 to 1.5. It is bdieved that a greater margin of safety 
is derirable for permanently ungrounded systcans, 
once they are alurays subject to disturbances tenffing 
displace the neutral from its normal petition; inti^lar 
tiomi of pOtriitial transformers on such systems have 
not been investigated. 
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Physical Nature 
of Neutral Instability 

Experience has established the fact 
that three-phase-system neutrals may 
become subject to strange phenomena 
of instability under apparently normal 
conditions. The authors give facts and 
explanations based upon extensive 
experimentation. 

By A. Boyajian and O. P. McCarty 

Genial Slactiric Oompany Geaeral ISlectric Company 

Pittsfield, Mass. Pittsfield. Mass. 

Fellow A. I. B. E, Associate A. I. E. E. 

F rom time to time the attention of 
the Institute has been drawn to 
some peculiar troubles accompany¬ 
ing the operation of power or potential transformers 
wnnected Y-Y with grounded neutral on an otherwise 
isolated system, (See bibliography) The phenomena 
under discussion are found only in circuits with capaci¬ 
tance and saturation, and therefore it is proposed 
to build up the present discussion starting with an 
analysis of the characteristics of iron-core reactors in 
combination with capacitors. 

Iron-Core Reactor Shunted by a Capacitor. When the 
volt-ampere characteristics of a saturating inductance 
(such as the magnetizing current of a transformer) 
and of the shunt capacitance are plotted, the resultant 
characteristic curve of the combination is as shown 
by the curve of Mg. 1. It is realized that the exciting 
current of a transformer is much more complicated 
than that of a cap^itor. While the latter may be 
considered as yielding a pure leading current, the 
former always will contain a lagging component, a 
power component, and harmonics. Since the lagging 
component frequently is 80 or 90 per cent of the total 
exdting current, its'behavior in the network is of 
importance. 

Nega^ve or Lining Reactance Zone 0-A (Fig. 1). 
In this zone J. is leading and the combination behaves 
like a negative, or capadtative, reactance. As the 
graph is substantially-straight the circuit parameter 
(the equivalent reactance of the combination) is con¬ 
stant, and like any linear impedance the behavior of 
the outfit in a network in combination with other 
impedance is stable. 

Unstable Zone A-B (Fig. 1). In this zone the 
resultant current still is leading, but instead of 
increasing with increasing voltage it diminishes. 
Consequently while the gross apparent reactance still 

From "PhystoaiNatureof Neutral Statflltr,” (No. 31.ise) preseated at 
the A. I. E. B. Southern Bifitrlct meetlngi. Louisville, Ky., Nov. 19-22, i930, 

no 


is negative, leading, or capadtative, the differential 
or incremental reactance (the reactance for increases 
or reductions'll current) is positive, lagging, or induc¬ 
tive. Thus, 

E , 

X considered as —j— is negative, leading, capadtative, 
and 

ae , 

X considered ^ is positive, lagging, inductive. 

Such a characteristic under suitable nehjoork conditions 
may become a source of instability somewhat analogous 
to the case of an arc. 

Positive or Lagging Reactance Zone B-D (Fig. 

In this zone the current is lagging and increases vnth'* 
the voltage (even though not in exactly direct ratio) 
Thus both the gross and the Incremental reactance of 



Fig. 1. (Left) Resultant volt-ampere curve of an 
irori'-core reactor with capacitor in parallel 


Fig. 2. (Right) Inversion in a singte^phase circuit 

(A) Single-phase circuit with unstable neutral 

(B) Vector diagram for noriaal neutral condition 

(O) Vector diagram for inverted neutral 

(D) Same as (O) with prominent quadrature componenlt 

the combination are lagging or inductive, therefore 
the behavior of the combination is approximately that 
of a plain saturating inductive reactance. An equi¬ 
librium point in this zone tends to be stable 

A MuUiple-Valued Function. Aside from the change 
in the value and algebraic sign of the resultant reactance 
from zone to zone of the characteristic curve, another 
interesting feature to observe is the double-valued 
character of the curve. Over a wide range, including 
0-A, A-B and part of B-D, and the corresponding zones 
below tiie horizontal axis, there are to any given value 
of current, two totally different possible values of 
voltage. 

Resonance and Natural Frequency. At point B (Mg. 
1), where the resultant current Jo is zero, there is 
parallel resonance at impressed frequency, that is, 
the outfit has a natural frequency of oscillation equal 
to that of the impressed voltage. In such (^cuits 
curr^ts undoubtedly are distorted, but that does not 
invalidate conceptions of resonance and free oscillations. 

Classification of Abnormal Phenomena. In analyzing 
the various abnormal phraiomena it is found that 
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they fall into two distinctive grojips—(1) those which 
involve merely a shifting or invertion of^the neutral 
and are primarily phenopiena of fundamental impressed 
frequency; and (2) those which’do not disturb the funda¬ 
mental frequency voltages, but introduces an oscilla¬ 
tion into the neutol, higher or lower than the impressed 
frequency. 


I— Inversion of Neutral 

Inversion in a Single-phase Circuit. Referring to 
Fig. 2a, let branches 1 and 2 be duplicates; a point of 
eqTj^ilibrium for N obviously is half-way between the 



Fig.^3. (Left) Circuit for single-phase neutral 
instability tests, and (Right) vector diagram 
showing neutral shift 


potentials of the terminals, as shown in Fig. 1 and 
also by the vector diagram of Fig. 2b: where 


El = Ez = E<i/i, 


where Ez is the line voltage, and Ei and Ez are the 
branch voltages. If the branch voltages Ei and Ez 
are within the zone 0-A (as shown in Fig. 1), the 
potential of N once so established (Fig. 2b) will be 
normal and stable. The line current will be leading, 
both branches acting capacitativdy. Assume, how¬ 
ever, that when the line switch is closed, the starting 
transient unljalances the voltages and carries one of 
the branch voltages, say Ei, into zone A-D; a new and 
abnormal condition of equilibrium may now become 
established as followB: 

Considaing the characteristic curve (Fig. 1), it is 
seen that not only 

El Ez — Ez, 

but also. 


El' - 4 “ Ez' ~ Ez. 


the other underexcited, A still different position of 
the neutral may correspond to one leg operating in 
the zone A-B, the other in the zone B-D, both legs 
overexcited. Such a case was observed in single-phase 
tests. 

Inversion in a Three-Phase Circuit. If the ndutral 
of a Y-Y or Y-broken-delta bank of transformers is 
grounded on a circuit which otherwise is isolated, the 
neutral of the transformers is joined to the neutral of 
the line capacitance to ground, resulting in an equiva¬ 
lent circuit such as shown in Fig. 5. Each 1^ of this 
network will have a volt-ampere characteristic similar 
to Fig. 1, capable of acting either as a capadtative 
reactance or as an inductive reactance. 

Assuming the three legs to be duplicates, the normal 
position of the neutral will be at the center of gravity 
of the line voltage triangle. However, othM* positions 
of equilibrium also exist, for instance, two of the legs 
operating in the zone B-D with a lagging power factor, 
and the third in the zone 0-A with a leading power 
factor, as explained for the single-phase circuit, in which 
case one leg will be reversed and the other two will be 
greatly overexcited; the neutial will fall outride of the 
triangle of line voltages. The alternative case, in 
which all the legs operate capacitatively, one in the zone 
0-A, the other two in the zone A-B, as discussed in 
connection with single-phase neutral shift (the neutral 
falling just inside the. line voltages) also has been 



M-h /y. 


Fig. 4. Oscillograms showing neutral shift in 
circuit of Fig. 3 


In the latter case, Ez' is negative, Ei' is greato- than 
the line voltage (see also the vector diagr^ of Fig. 
2c), and the neutral potential is outside of the line 
voltage. Obviously, one leg or branch of the circuit 
is acting inductively; tiie other, capadtativdy. 

With a different line voltage say Ez" (Fig. 1)— a. still 
different type of abnormal equilibrium may take place 
with the leg or branch voltages assuming the values 
Ex and Ez respectively, in which case then, both 
branches are operating capacitatively, one overexdted, 


observed. (See companion paper by C. T. Weller.) 

Since any one of the legs may become underexdted, 
depending upon the i^tant of switching, there will 
be at least three abnormal stable positions of theneutral. 

SiNQijEJ-PHASB Inversion Tests 

Two duplicate standard potential transformers, rated 
13,200/100 volts, were connected in series to yield a neutral 
point as shown in Fig. 3, and each transformer was shunted by a 
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variable capacitance the settings of which were made alike in 
all cases. When the circuit voltage was brought up gradually 
the neutral was found to be normal in all cases. However, when 
the voltage to the circuit was applied suddenly, inversion of the 
neutral point was observed over a fairly wide range of capaci’- 
tances, this range depending on the excitation of the transformers. 
The secondaries (low-voltage) of the potential transformers 
may be seen connected in series-opposition to segregate the 



Three-Phase In\t}rsion Tests 

The oircmtris shown in Fig. 5; it should be observed that 
when the neutral is normal the voltage across the comer of the 
delta will be zero; but when the neutral moves from this position it 
will show in the corner of the delta. Thus, only those phenom¬ 
ena which disturb the neutral can appear across the comer of 
the delta; all others cancel out. Voltage oscillograms taken 
at this point therefore show clearly the nature of the disturbance 
of the neutral. The magnitude of this voltage will be three*' 
times the corresponding component in each leg. The vector 
diagram of a typical case of inversion is shown in Pig. 5. 

The oscillograms of Fig. 6 give evidence that the phenomena 
are of fundamental frequency and of reasonably good wave shape. 
The data show that two legs are overexcited (acting inductively) 
and one underexcited (acting capacitatively). The fact that 
the neutral shift is not exactly parallel to the normal leg voltage 
of the underexcited leg is due largely to the losses. 

It was observed that upon switching in, any one of the lihree 
legs might come in reversed. 

IL Oscillating Neutral 



Oscillations at half, double, and triple frequencies, 
with low-frequency beats and high-frequency harmonics 
also have been observed. 

In Pig. 7 IS illustrated a single-phase case in which the oscillation 
persisted indefinitely. Note the purity of the wave shape and 
that it is exactly one-half of the impressed frequency. In 
exaniining the waves of the leg voltages (^i and JS 2 f nothing 
else of importance is found other than a fundamental and a 
half-frequency harmonic. 




abnormal voltage component of the neutral. Obviously, with 
balanced branch voltages the terminal voltage of the secondaries 
^ coimeote<T would be zwo, but if the neutral should shift, 
invert, or oscma;te,. the phenoinenon will appear in the resultant 
voltage of:,th^ two secondaries in its pure form, unmixed with 
normal voltage.' 

With line voltages representing from 100 to 120 per cent 
excitation on the potential transformers the neutral of this 
single-phase bank frequently would come in inverted, with 
'capacitances of from 0.025 to 0.060 mfd. across each unit (on the 
high voltage side). With line voltage representing 120 per cent 
excitation, a typical set of readings gave Hi ^ 193 %, « 178%, 

and ^9 « 328% of the values corresponding to normal neutral! 

. The oscillogram of Pig, 4 shows that all voltages are of funda¬ 
mental frequency and rewonably gocfd wave shape. The vector 
diagram of 3 shows the branch voltages to be of the same 
ord^ of magmtude, and the neutral to have shifted almost in 
ftiwdmture with the impressed voltage. The significance of 
is that one of the branches is operating capacitatively in 
the zone A-B (Fig. 1) fairly close to B, the other indnotively 
hi the zone B-B, but again fairly close to B. Only such a 
cofiabioation will give an inversion in which Ei and E 2 vdll be 
sonearly equal. 



In Fig, 8 is given the tuning wave (supply voltage), leg 
voltage^ and the neutral voltage for a typical case of 
oscillatioai in a three-phase circuit. The neutral voltage is 
observed across the comer of the delta. The characters of 
these waves .may be seen to be substantially the same as in the 
single-phase tests. 

The explanation of the persistance of such oscill¬ 
ations is as follows: 

It is commonly known that a Y-^pen-delta transformer can 
be used to derive triple-frequency single-phase power .from a 
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fundamental-frequency thi^ee-phase source. For instance, at 
nominal 60-cyele densities around 170 kilolines per sq. in., third- 
harmonic outputs as high as 100 kw.'per 1,000 lb. of core can 
be obtained. This flow of power must bo reversible, that is, 
if the harmonic current is Reversed, power must flow from the 
harmonic to the fundamental. 

The free oscillation naturally will be distorted and have 
higher harmonics. If the impressed frequency is identical with 
one of these harmonics, power can flow from it to the oscillation 
as from a higher harmonic to its fundamental, to take care of its 
watt losses. 

A harmonic can deliver to the oscillation not only a certain 
Amount of watts, but also a certain amount of reactive volt- 
amperes. This is most signiflcant because it makes persistence 



Fig, 7. Oscillogram of oscillating three-phase 
neutral 


of oscillations possible without exact resonance. For instance, 
if the supply frequency is 60 cycles and the natural frequency 
of oscillation of the circuit is 21 cycles the circuit may osoUlate 
at one-third frequency or 20 cycles just as readily. The differ- 
^oe between oscillating a little off-resonance (20 cycles) and at 
exactly free resonance (21 cycles) is that the latter requires 
watts for its maintenance, while the former requires both watts 
and reactive volt-amperes. 

Thus, within the extent of the ability of the oscillation to 
draw watts through one of its harmonics, a free oscillation can 
be maintained with higher and higher losses; while, within the 
ability of the oscillation to draw reactive volt-amperes through^ 
one of its harmonics, a free oscillation can be maintained farther 
and farther off from the true natural frequency of the circuit. 

Conclusions 

1. Operation of potential transformers in Y-Y with neutral 
grounded on an otherwise isolated system, (whether permanently 
or occasionally isolated system, or section of a system), is a some¬ 
what questionable practise unless protective measures are used. 

2. Aside from possible trouble due to third-harmonic-voltage 
intensification,. which is so well-known, it is found that with 
favorable capacitance values from line to ground, natural oscillar 
tions are possible around one-half normal frequency as well as 
double normal frequency. 

3. Aside from oscillations, there is the possibility of the 
inversion of the neutral being unsafe for equipment. 

4. Explanation of the neutral shift or inversion is based 
upon the fact that the combination of a saturable inductance 
and a constant capacitance has a multi-valued characteristio 
curve, with leading and lagging zones. For instance, if one leg 
operates in a leading zone and the other two in a lagging zone, the 
potential of the neutral is thrown outside of the triangle of line 
voltages. 

6. Persistence of oscillations is accounted for as follows: 
The frequency of the free oscillation of the circuit must approxi¬ 
mate harmonic relationship to the impressed frequency* When 
the oscillation is at a frequency higher than the impressed, the 
active and reactive energy flow to it is similar to that fpom funda- 
mentid to higher harmonics, as in static frequency multipliers^ 


When the oscillation frequency is lower, such as one-half of the 
impressed frequency, the impressed frequency stands in the re¬ 
lationship of a higher harmonic of the oscillatory frequency 
and the energy flow is reversed because the location of power 
and load are interchanged. 

6. In potential transformer banks intended exclusively for 
relaying purposes the secondary (or a tertiary) could be con¬ 
nected in delta, and closed through a resistance just high enough 
to protect the bank from burnout in times of line-to-neutral 
short circuits; then troubles due either to inversion or oscilla¬ 
tion would be entirely eliminated. However, if the bank is to 
be used for metering as well as for rela 3 dng, th currents circu¬ 
lating in the delta due to unbalanced line-to-neutral conditions 
in the system may affect adversely the metering accuracy of 
the outfit. 

7. Loading the potential transformer from line to neutral 
also tends to stabilize the neutral and prevent inversion and 
oscillations. However, this will be a constant load at impressed 
frequency. It is believed that such a load should be at least of 
the same order of magnitude as the magnetizing volt-amperes of 
the transformers at normal operating voltage. 

8. Operation of potential transformers approximately at 
half rated voltage is found to reduce greatly the chances of 
self-excited oscillations. The damping load of the order of the 
magnetizing volt-amperes at such low excitations is small and 
well worth-while. Low-density operation and protective load 
are desirable also from the standpoint of third-harmonic 
phenomena. 

♦ ♦ ♦ 

Progress in 

Fuel Utilization 

N discussing progress in development and application 
of boilers and furnaces a recent report of the Fuels 
Division, The Ammcan Society of Mechanical Engi¬ 
neers, says in part: 

“Tbe trend toward higher steam pressures and tem¬ 
peratures continues not only in public utility plants but 
also in industrial plants. Boiler manufacture^ are in 
position to erect commercial units suppl 3 dng steam up 
to 1800 lb. per sq. in. and 850 deg. fahr. total tem¬ 
perature. A boiler of the series type suitable for 
delivering steam at 3,500 lb. pressure is being completed 
by the Babcock & Wilcox Company and is to be 'given 
to Purdue University for experimental work. An 
experimental and special form of superheater installed 
at the Detroit Edison Company has operated success¬ 
fully for some time, delivering steam at praclicaJly 
1,200 d%. fahr. 

"The many novel ideas in boiler-furnace design which 
have been incorporated in the past few years have 
received mchaustive tests in commercial op^tion and 
the wealth of combustion data thus accomiilated has 
served to eliminate unnecessary r^ements. Early 
enthusiasm over the performance of furnace water 
walls has been somewhat tempered, and an economical 
limit for their use: has been found in moderate- and 
small-sized boilers opa*atmg under certain restricted' 
conditions. 

"Condderable improvemmit in combustion condi- 
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tions with stoker-fired boilers has been attained by 
means of judidou^y proportioned water-cooled pro¬ 
tecting walls and arches. Simultaneously the air-cooled 
and sectionally supported refractory walls have amply 
justified expectations in many cases. Notable progress 
has been made in the rate of firing per boiler unit. The 
recpfd-breaking p«*formance of the new boilers at the 
East River station of the New York Edison Company is 
due mostly to the excellent functioning of the fin-tube 
furnace of 39,000-cu. ft. volume, where up to 76 tons 
of powdered coal have been burned per hour." 

♦ ♦ ♦ 

Theory of 
Abnormal Voltages 

Abnormal line-to-neutral trans¬ 
former voltages may be said to be 
self-excited by successive alternate sat¬ 
urations and limited in magnitude 
and frequency by multiple saturations. 
Outline of theory is given here. 

By C. W. LdPierre 

General Engineering Laboratory, 

General Electric Company, 

Schenectady 
Associate A. I, E, B. 

A bnormal voltages considered in 
this paper arise incident to the 
occurrence of a large harmonic 
of fractional, even, or odd frequency in the line-to- 
neutral volt^es of certain Y-connected transformer 
circuits. These phenomena have been described be¬ 
fore (see Bibliography) and additional data concerning 
them are available in the two companion papers 
reviewed elsewhere in this issue,—one by C. T. Weller 
and one by A. Boyajian and 0. P. McCarty. 

Abnormal Voltages 

The circuit in which the phenomena occur is repre¬ 
sented by Pig. lA or Mg. 1b. The abnomoal harmonic 
is a zero-phase-sequence. component existing in the 
transfonner or line-tb-neufraL voltages. The frequency 
of this harmonic and, to a lessw extent, its magnitude, 
are of spedal intwest. , In the transient state occurring 
soon after the circuit is connected to the source the 
harmonic voltage may be so highly irregular as not 
to possess a definite frequency. However, after the 

“Theory of Abnormal Lfae-to-Neuteal Tranafonner Voltages," 
(No. 30 -184) presented at A. I. E. B. Sonthem District meeting, Louisville, 
Ky., Not. iqt’ZZ, lOSO. 
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voltages continue for a while they either disappear 
altogether or settle down to a fairly constant frequency 
and magnitode. In these sustained conditions the 
frequency of the predominant harmonic has been 
observed to be either oile-half of, equal to, double, or 
triple, the supply-voltage frequency; the problem is 
clarified, however, if it is realized at once that these 
frequencies are only special cases of the irregular fran- 
sients. For the latter, all frequencies are possible;, 
(within wide limits), whereas in the former only four 
are found to occur. 

In this abstract the fundamental origin of all of the 
abnormal voltages is explained. The conditions sur¬ 
rounding the occurrence of sustained voltages are dis¬ 
cussed in detail in the complete paper. 

The fundamental explanation of the abnofmal 
voltages just described is quite simple; the e^lanatioh 
is handicapped, however, by the complexity of the 
representative circuits of Mg, 1. An analysis of these 
circuits must involve the three line-to-neutral or 
transformer voltages, and the three transformer and 
three capacitor currents. Add to this a 6,000:1 varia- 



Fig. lA. Representative circuit 



Fig. IB. Simplified representative circuit 

tion in the open-circuit inductance of each transformer 
and the problem becomes even more formidable. 
Obviously the procedure must be simplified. In this 
paper the simplification has been accomplished by the 
adoption of an eqidvalent circuit. 

Although Mg. lA represents the circuits in which 
the phenomena have been observed to occur, the equiva¬ 
lent circuit of Mg. 2a may be expected to produce the 
same tranformer voltages and is identical in that respect 
to Mg. lA under certain conditions. In Mg. 2a the 
capacitor voltage is equivalent to the neutral or har^ 
monic voltage and may be visualized directly without 
the necessity of separating it from the transformer 
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voltage as is the case in Pig. 1 a. . It is the variation in 
the voltage across this capacitpr which introdu^ the 
harmonics in the transformer voltages;, forth®Tnore, 
in Pig. 2 a the capacitor or neutral voltage is the only 
voltage that must be deterinined. The three trans¬ 
former voltages may be obtained by simply adding 


Three-phase 
generator oH 
ether source^—AAMA- 
of symmetrical 
three-phase line 
to neutral voltages 



Fig. 2A. Equivalent circuit 


Cg 


Fig. 2B. Single^phase circuit 



the capacitor or neutral voltage to each of the known 
supply voltages. 

Thus by adopting a particular type of supply it is 
posable to reduce the problem to a consideration of 
the voltage across a single capacitor. While it is 
theoretically immaterial which figure is used in the 
following discussion, the processes to be descaibed will 
have far greater practical significance if they are based 
upon Pig. 2a. 


Origin of Abnormal Voltages 

Saturation dming the first cycle after connecting a 
transformer to a source of voltage is of common occur¬ 
rence. Such saturations are the result of initiaT con¬ 
ditions of voltage and residual core denaties. In 
transformers connected directly across a-single-phase 
supply, the initial saturation results in the familiar 
starting currents represented by Pig. 3. This curve 
actually consists of a succession of saturations, all in 
the same direction. Magnitude of the peaks gradually 
diminishes until normal densities are not ^ceeded. 
Each saturation is an individual event consisting of a 
rise of the current and flux along the hysteresis loop of 
Fig. 4 and their subsequent decay to normal values. 
The large current accompanying a ^ngle saturation is 
unidirectional; it cannot become a large reversed cur¬ 
rent until after the core density reaches saturation 
values in the opposite direction. 

Referring to Pig. 2a (or Pig. 1a), assunote the chance 
occurrence of a single saturation a short time after the 
supply switch is closed; the resulting unidirectional 
current m'ust flow into the system capacitance since the 
unsaturated transformers will not pass any appre- 
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ciable part of this current. The current flowing into 
tile capacitance builds up a unidirectional capacitor 
voltage; this voltage continues to rise until the cycle 
of saturation is completed, at which time the trans¬ 
former is restored to normal densities. With all of 
the transformers at normal densities, their impedances 
are too high to permit the capacitor to be discharged; 
consequently, the capacitance voltage will be main- 
tmned practically constant for the time being. 

This action of a single saturation in the circuit is 
not unlike that of a valve; it injects a large current 
into the capacitance and then closes the entrance path 
to prevent its discharge. The magnitudes of the 
various changes resulting from a single saturation are 
dependent to a large extent upon the circuit constants, 
such as capacitance, normal transformer flux densities, 
size of core, number of turns, etc. It is not necessary 
to consider these factors at the outset because the 
fundamental nature of the phenomena may be explained 
on the assumption that a sufficiently large capacitance 
is present, and that saturations do occur. 

Voltage changes resulting from the saturating proc¬ 
ess may be readily visualized with the aid of Fig. 5. 
The dashed-line curves in this figure may be recognized 
as the three normal line-to-neutral transformer voltages. 
Assume the switch to be closed at U and that due to 
the initial conditions the transformer of phase 2 satu¬ 
rates at. time ti', in accordance with the preceding 
discussion, the saturation of phase 2 will result in an 
abrupt rise in the capacitance or neutral voltage. 
For the purpose of illustration this rise may be assumed 
as vertical. After the single saturation is completed, 
the high impedance of the transformers prevents the 



Fig. 3. Transformer starting current 

capacitance from discharging and for the time being 
the neutral voltage remains constant. However, the 
voltage which the capacitance has acquired “ladds to 
the voltage of phase 1 to result in an abnormally large 
voltage across its transformer. The large voltage, 
which in the figure is about twiie normal, will saturate 
transformer No. 1 at about The second saturatipn 
is in the opposite direction to the first and consequently 
results in a reversal of-the neutral voltage. 

In case it is not clear that the second saturation 
occuning at h would reverse the capacitor voltage, 
reference is made to the hysteresis loop of Pig. 4. Once 
a saturation starts, it will increase in intenaty until 
the transformer voltage reaches zero; so long as there 
is some voltage, the flux continues to increase. After 
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the flux reaches a maximum, at the instant the trans¬ 
former voltage reaches zero, it must decline to its 
residual value. This partial collapse of the magnetic 
field induces a transformer voltage in the opposite 
direction. Consequently in Fig. 5, whenever a satura¬ 
tion is assumed to occur, the affected transformer volt- 
age should be reversed by an appreciable amount and 
the neutral and other voltages determined by subtrac¬ 
tion and addition. 

The neutral voltage acquired at tz remains constant 
as before, while the transformers operate in the range 
of normal densities. Again the neutral voltage results 
in an abnormally large voltage across the transformer 
of phase 1 and it probably will saturate at U in the 
opposite direction. This saturation reverses the neu¬ 
tral voltage a third time and the process may be con¬ 
tinued for the fourth, fifth, and axth saturations; and 
so on indefinitely. 

In essentials, Fig. 5 illustrates the origin of the 
abnormal voltages of this discusaon, although the actual 
wave shapes obtained are not rectilinear. It is evident 
that the frequency of the voltages is dependent only 
upon the rate at which the saturations occur and it is 
not surprising that unusual frequencies have been 
observed. 

At the start when there are wide differences between 
the core conditions of the three transformers, the 
saturations occur in a more or less hit-or-miss fashion 
and the resulting neutral voltages are highly irregular. 
As the initial difference in core conditions begin to 



Fig, 4. Hysteresis loop 


be smoothed out, the time of saturation become more 
and more dependent upon how the neutral voltages 
combine with the supply voltage. For the voltage 
to madi a sustained condition it is necessary that some 
sort of stabilizing procee be present which will ma intain 
the voltages mthin a stable zone. This require¬ 
ment is satisfied by the formation of multiple satura^ 
tions or the saturation of two or more tran^ormers in 
pmallel and in the same direction. (Dilution of 
saturation as used hee has a very definite meaning 
wh«n referred to ether Fig. lA or Fig. 2a. Two or 
more saturations are in the saihe dii^ion when their 
respective; in the same direction at the 
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neutral; that is, either out or in.) The proper stabiliz¬ 
ing multiple saturations occur only for a limited number 
of neutral-voltage frequencies,—^namely, one-half of, 
equal to, double, and triple the supply-voltage fre- 
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Fig. S. Hypothetical voltages resulting from an 
arbitrary succession of saturations (ei - e» + ««> 

quency; consequently these are the only frequencies 
which can become stable and reach the sustained 
condition. 

CONCliUSIONS 

In accordance with the preceding discussion the 
abnormal voltages may be said to be self-excited by 
successive alternate saturations and limited in magni¬ 
tude and frequency by multiple saturations. The 
complete theory based upon these tw;6 principles 
explains m an adequate manner the observed character¬ 
istics of the phenomena. 
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Graphical 
Constni<^on of 
Hyperbolic Functions 

By W. F. Helwig 

Assistant Professor of Electrical Engineering 
Texas Technological Oollege 

T ransmission line calculations 

requiring the use of complex 
hyperbolic functions are materi¬ 
ally simplified through the construction and use of a 
chart from which both the complex hyperbolic sine and 
cosine values may be determined in either polar or 
complex-number form. The device is a polar rectangu¬ 
lar chart combined with a specially constructed scale 

e“ € 

graduated in values of and —g—. The chart 

should be constructed with angles in circular radians 
and degrees which may be divided into convenient 
values. In constructing such a chart for practical 
use it may be convenient to employ heavy lines to 
denote each interval of 5 deg. and to subdivide these 
into degrees by fine lines. Ordinary cross-section 
paper having ten lines p«r inch is suitable for the 
rectangular chart. 

Theory underlying the construction of the chart is 
given in the mathematical expressions: 

cosh (a -I- j b) = ^ [gCo+iW ^ g -(a+ifr)j 

2 2 
e® 

= (cos 6 -h j sin 6) . 

+ (cos 6 — / sin 6) 

= Fi -h (plane vectors) 

Similarly sinh(a-|- jh) -Vi—Vz 

Pbocedurb 

Referring to the accompanying illustration, 0 C is 

equal to and is laid off at the proper smgde 5 oh the 

cireumference of circle 5 (ttiis is 'r/4 or 46 deg. in the 
example given). Thus is laid off in proper direction • 
and magnitude. Next, the protractor, pivoted at the 

February 1931 


point C to the scale representing vector Vi, is turned 
until its scale ( graduated to values of ) lies at the 


angle — b with the horizontal, or at the angle 2 6 with 
vector Vi in the clockwise direction. On this, scale, 
at the required value of — a, the extremity of thew 
. resultant vector cosh (a + j b) = Vo - Vx -{• Vi is 
found. It may then be read directly from the chart 
either in the form A-\-j Bov Cj6. 

Obviously, the complex hyperbolic cosine may be 
determined from the same setting by taking the point 



on the opposite end of the graduated scale along 


the diameter of the protractor. This is equivalent to 



Polar-rectangutar chart which simplifies trans¬ 
mission tine calculations 


reversing vector ^2 as required for the determination 
of the hyperbolic sine value. 

This device is especially convenient in transmission 
line problems, since it gives both the hyperbolic sine 
and codne at one setting, which values may be directly 
substituted in the equation: 

i/t - Er(^ cosh d 1 -h dnJh ^ 1 ^ 

EXAMPjUB 

To test the operation of such a chart assume that it 
be desired to determine cosh ^ a + ) To do this. 


117 






convert b to degrees and set scale S at tiie value 4S The accuracy of the device depends, of course, upon 
deg. Then move scale S along the pin at 0 until the the size of the chart and scales used. Experience 
proper value of a is oppodte the pin. Next, turn shows that an accuracy of three significant figures 
protractor P through an angle equal to 2 & (90 deg.) may be obtained from a chart having an outside 
along S, and on the edge at a read the desired value. diameter of 20 inches. 


Greater Efficiency 
for Low-Head Hydro 

For heads up to 70 ft. it is predicted 
that the automatic adjustable-blade 
feature of the Kaplan propeller-type 
turbine is capable of producing at least 
ten per cent more kilowatt-hours. 

By George A. Jessop and C. A. Powell 

Chief Engineer, General Engineer, 

S. Morgan Smith Co. Westinghonse Elec. & Mfg. Oo. 

York, Pa. East Pittsburgh, Pa. 

Member A. I. E. B. Member A. I. E. E. 

E conomy in first costs has stimu¬ 
lated 20 years of effort to secure a 
higher speed in hydroelectric units; 
principally because generator costs go down as the speed 
ino-eases. Until recently an increase in speed h^ 
resulted in a reduction of ^ciency—particularly at 
part loads—^to a large extaat offsetting the advantages 
of reduced investment. Improvement in generator 
efficiency with increased speed has only partially offset 
these reduced turbine efficiendes. Turbine designers 
now have, succeeded in maintaining the maximum or 
peak eflidency at a given figure over a very wide range 
of spedfic speed, and by means of the Kaplan or auto- 
matic^ly-adjustable blade runner have improved the 
part-load effidency far above that formerly obtained 
even with slow-spee4 Francis turbines. 

The relationship between specific speed and maxi¬ 
mum effidency is shown in Fig. 1; the specific speed of 
a runner is the rev. per min, at which a homologous 
runner will operate imder a one-foot head when it is so 
reduced in size as to develop one horsepower under a 
one-foot head. Generally speaking, Prands turbines 
jtfie used up to a specific speed of 110 and the adjustable 
and fixed-blade propellers for specific speeds above this 
figure. Fig. 2 shows a comparison betwemi the peak- 
and part-load efficiency of turbines vrith spedfic speeds 
ranging from 26 to 150. The turbines with specific 
speeds of 26, 50, 76 and 106 are Prands turbines. Of 

'r ' ‘ ■ , . . . 

From “Hjrdro^c and Xlectiricta Fossilidlitles of Hl^-Speed, lioir- 
Head Deydopmeints.” presented at th A. I. X. S. Middle Eastern District 
Meeting, PUladelplda, Oct. 18-16,1930. (No. 30.168.) 
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the two turbines with a specific speed of 150, one is of 
the fixed-blade and the other of the adjustable-blade 
axial-fiow type. It is interesting to note how the part¬ 
load effidency drops off rapidly as the spedfic speed is 
increased—^a defect which can be overcome by the pse 
of the adjustable-blade turbine. The notable feature 
of this latter type is the fact that its efficiency over the 
entire range of output is high, exceeding even that of 
the lowest-speed Precis turbine at low loads. 

Generator efficiency varies with the load, as shown 
in Pig. 3 where it may be noted that the efficiency 
increases with the size of the unit and also with speed. 
Because of the more marked effect of the windage losses 
at the higher speeds the part-load effidency increases 
less rapidly than the full-load efficiency. Data similar 
to those given by Figs. 2 and 3 must be combined to 
obtain the satisfactory performance of the cpmplete 
unit. 



Fig. 1, Relation between specific speed and 
maximum efficiency 





Fig. 2. Turbine load-efificiency curves covering 
specific speeds ranging from 25 to ISO 
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In Rg. 4 is made available a graphical method for 
determimng the allowable relationship between head, 
horsepower, and speed. The bead curv^ r^resented 
by full lines are to bp used for Francis turbines, and 
those represented by dotted lines, for axial flow turbines. 
At the upper left-hand part of the chart, lines have 



Fig. 3. Generator load-efficiency curves drawn 
on the basis of normal overspeeds 

been drawn indicating approximately the limits of 
capacity corresponding with the different heads. It 
is believed that this information will be useful for pre¬ 
liminary engineoing work in connection with the deagn- 
ing and estimating of hydroelectric developments and 
the.selection of suitable generator speeds. The limita- 



Fig. 4. Chart for graphical determination of 
allowabl relationship between head, horsepower, 
and speed 

tions of specific speed set by this chart—that is, the 
combination of horsepower, head, and speed—^are the 
results of many years of experience and at the present 
state of the art may be regarded as good practise. If 
plants are designed within these limits and with the 
prop® relationship between the eenta* line of the unit 


and tailwater, best results in output, economy, and long 
life are secured. 

The field of application of the fixed- and adjustable- 
blade axial-flow turbine lies in relatively low head 
developments,—approximately 70 ft. or less. One of 
their great advanteges is that they permit considerably 
higher speeds than the older Francis turbine. 

Effects of increased speed on the first cost of the 
turbine are slight, but there is a definite trend toward 
reduction. The rev. per min. of a fixed-blade axial- 
flow turbine may be from 70 to 80 per cent higher t.han 
that of a medium-speed Francis turbine, but because 
the amormt of wat^ to be handled is the same in either 
ease the reduction in cost will be approximately only 
5 or 10 per cent. The small saving effected is incident 
to handling the water at somewhat high^ velocities. 
Prom the generator designers’ point of view, there is 
always an advantage in increasing the speed, because 
the cost of the generator goes down and the efficiency 
goes up. (Fig. 6) 
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Figv 5. Generator costs vary with speed and 
capacity 

The cost of an automatically-adjustable turbine is 
substantially greater than that of a fixed-blade turbine, 
varying from 20 or 26 per cent for very large sizes to 
as much as 50 per cent for small sizes. However, this 
type shows a marked increase in. kilowatt-hour output 
and consequently in earnings; and since the cost of the 
turbine in most cases is but a small fraction of the 
whole cost, the total investment is increased* only a 
small percentage. 

Excavation and power costs also must be considered 
in connection with the selection bf a turbine. Turbines 
of high specific speed generally may be set at a lov^ 
elevation than those of low specific speed, thus tending 
to increase excavation cost. This tendency is counter¬ 
balanced to some extent by savings in superstructure 
and it is believed that increased earnings in every case 
v^l more than compensate for the greater investmmit. 

As shown in Fig. 6 Kaplan turbine runners resemble 
a ship’s propeller rather than a Francis turbine. Three 
important Kaplan characteristics are: 
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1. A vane-£ree transition space between the dis¬ 
charge area of wicket gates and runner entrance. 
Water leaving the gates in a whirling inward direction 
is deflected in this transition space to flow axially 
through the runner. 

2. Wing-shaped runner vanes, so spaced and pro¬ 
portioned that two adjacent vanes form a nozzle or 



fig. 6. Axiat-flow turbine ivith adjustable blades 
open 

double guidance for part of their radial extent and sin^e 
guidance for the remainder. 

S. Adjustable runner vanes. 

Professor Kaplan was the first to adjust the runner 
vanes and the wicket gates simultaneously. This 
maintains the best conditions of flow throughout the 
entire range of output and results in high part-load 
efficiencies, thus securing flat; efficiency-load curves. 
Each position of the* runner vanes corresponds to a 
definite position of the wicket gates, and if the efficiency 
at all rates of discharge is to be masmum the correct 
relationship of these positions must be maintained. 
Since the blade and gate angles and - openings alwa^ 
have the correct felatidnship to eadi other, the adjust¬ 
able-blade turbine operates with maximum sinototh- 
n<Ms and with minimum vibration and pitting. Turbine 
Casings are constructed with the usual wicket-gate 
casong except that the top plate* contains an inverted, 
Curved, cOne-like projection which forms the inner 
surface of the transitionHspace. 

^ All of the opeiating connections for moving the vanes 
are contained inside the single-pi^^ hub casting, (Fig. 
7), and are m ^ch f<nni that without any adjustrnent 
they vrftl sfesuid up indefinitely under the most severe 


service requirements. To guarantee freedom from 
excessive strains and to reduce the possible wear to 
a minimum, .stresses are held within conservative 
limits. To resist wem*, bearings for the runner-blade 
stems and the links are bushed with bronze, and special 
provision is made to secure the blades against laterial 
displacement due to the large centrifugal forces 
developed. To provide constant lubrication for all 
moving parts, the hub is filled with a heavy-body oil and 
each runner-vane trunnion is packed to eliminate oil loss. 

To synchronize gate control and runner-vane control, 
each has its own servo*motor and distributing valve. 
The regulating rod in the hollow turbine shaft is moved 
axially by a servo motor (Fig. 8) arranged betwqi^n the 
flanges of the turbine and generator shafts and rigidly 
connected to them to revolve with the shaft. The 
servo motor piston is connected directly to tfie upper 
end of the regulating rod which communicates the piston 
movements to the runner vanes. The servo motor is 
operated by oil supplied under pressure through two 
pipes arranged concentrically within the hollow genera¬ 
tor shaft. The two pipes termiimte in two distributing 
chambers mounted one above the other on top of the 
generator. These chambers receive the oil from the 
governor and collectively form the oil supply head. 



Fig. 7. Axial-flow turbine with adjustable blades 
closed 

The govemdr itself is the usual speed governor which 
operates the wicket gates either through a vertical 
gate shaft or through servo motors. 

The field of application of the umbrella generator is 
for the large low-head units; and because of its inherent 
advantages, it is used wherever possible. 

To determine the effect of the characteristics of 
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various tjpes of hydroelectric units on yearly plant 
output, a kilowatt-hour output study is given in Pig. 9. 
For purposes of illustration, a three-unit' development 
was chosen and a comparison made between three 
medium-speed Ftands units, three fixed-blade axial- 
flow units and three automatically-adjustable-blade 
axial-flow units, each rated at 28,600 kw. at extreme 



Fig. 8. Assembly and operating scheme of ad¬ 
justable-blade axial-flow turbine 

full load under a 53-ft. head. The adjustable-blade 
turbine has a surplus of 15 per cent above the mfl-jn’miim 
capacity of the other units, and reference to Fig. 2 
shows that tjie adjustable-blade turbine can. be selected 
to have this surplus capadty and still have the part¬ 
load effidency. Even with surplus capadty, the 
physical dimensions of the adjustable-blade turbine are 
smaller, and generally speaking, it is possible to operate 
it at a higher speed than a fixed-blade unit. In Pig. 9 
it may be noted that the adjustable unit is operated at 
109.1, the fixed-blade unit at 100, and the medium- 
speed Francis unit at 58 rev. per min. Generator costs 
for the adjustable units thus will be somewhat less 
than for the others. 

The kilowatt output was worked up from the head 
and second-feet ayaUable, starting with one unit 
running, and changing to more imits as soon as addi¬ 
tional kilowatts can be obtained by so operating. It 
has be^ assumed that if desirable from the standpoint 
of economy in the use of water, each unit can be opra^ 
ated to maximum load and theare is no necessity for 
maintaining a surplus for speed relation. 
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It is of particular interest to note that the adjustable 
units produce 11 per cent more kilowatt-hours than the 
fixed-blade xmits and that the Francis and the fixed 
units have about the same yearly output. If it is 
necessary to maintain a certain operating reserve, the 
adjustable units will prove to be even more advantage¬ 
ous than shown, because it will be necessary to operate* 
the Francis and fixed-blade tinits at even a lower load 
and consequent Iowot efficiency for part of the low- 
flow period. Head and second-foot duration curves are 
different, of course, for each development and it is 
necessary to make a special study for each case. 

Two types of generators are suitable for use with 
this turbine; the more general two-bearing design, in 
which the thrust bearing and one-guide bearing are 
located above the rotor with the second-guide bearing 
below the rotor; and the umbrella design in which the 
single combination thrust-and-guide bearing is located 
below the rotor. In cost and efficiency there is practi¬ 
cally no difference between the two designs, but the 
umbrella design requires less head room under a crane 
and is easier to dismantle. Its single bearing runs in a 
bath of oil, obviating all oil piping, and it lends itself 



Fig. 9. Output comparison of a three-unit 
station equipped with three’'different types of 
wheels 


readily to convenient ventilation. If a direct-connected 
exdb^ is not used, the upper bracket may be omitted 
entirely—of advantage in reducing building super¬ 
structure. 

The field of application of the umbrella generator 
is for the large low-head units, and because of its 
inherent advantages, it is used wherever possible. 
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Detecting Hidden 
Fissures in Rails 

Greater track safety is being accom¬ 
plished by railroads through the use of 
a special electrical device which reveals, 
marks, and classifies dangerous flaws in 
rails as a test car progresses along the 
track under test. 

By H, C. Drake 

Sperry Products, Inc., New York 
Associate, A. I. Q. E, 

44 X NTHE OLD DAYS” itwas not infre- 
I quent for flaws in railroad track 
rails to show up after the wreck. 
Visual inspections revealed cracks and surface fissures, 
but hidden fissures—often the most dang^ous—^re¬ 
mained undetected tmtil the recent perfection of 
dectrical equipment and development of a routine 
testing technique. 

Transverse fissures in rails are fatigue failures of 
internal origin, whose rate of growth depends largely 
upon the density of traffic. The t]^ical air-tight 
fissure has a charactmstically bright, silvery appearance 
produced by the peening action of the fissure faces 
when the rails are subjected to the impact of heavy 
wheel loads. 

This type of failure was brought to the attention of 
raflway engineers some nineteen years ago when a 
passenger ti^ was derailed by a rail which broke into 
seventeen pieces, disdosing a fissure at every fracture. 
In the years which followed, rail failures due to'trans¬ 
verse fissures were reported in ever-increasing numbers. 
The presence of large transverse fissures in relatively 
new rails under the best conditions of track mainte¬ 
nance, together with the utter impossibility of g«»Aing 
or locating such fissures, placed the cause of failure in 
the class with a cyclone, a lightning stroke, or other 
"act of God.” 

In the early part of 1927, internal fissures in rails 
w^ successfully detected at the laboratory by the elec¬ 
tric method, and after several months of experimental 
work a fissure-detector car was constructed for the 
American Railway Eilgineering Association. The car 
ppssed its acceptance test and was placed in testing ser¬ 
vice on the railroads of the countiy in Nov^ber 1928. 

For its op^tion the fissure detector depmds upon 
the fact that electric current fiowing through a rrul is 
compelled to pass armnd any fracture, inclusion, or 
separation in the metal. When a rail is sound the 
<Sf current is substantially straight; but if a fissure is 
encountered, the current axis at that point is displaced. 

Prasented at tlw Winter Oonrentkoi, New Yortt. Jan. 2$-80, 1981. 
(Mo. 31-aS) 


An inductive pick-up device is mounted directly over 
the rail head where it cots the magnetic lines of force 
surrounding the rail. In the casg of a sound rml carry¬ 
ing current, the magnetic flux surrounding the rail is uni¬ 
form and as the inductive pick-up passes along, no 
e. m..f. is generated; but when the axis of current is de¬ 
flected, as at a fissure, the flux dentity around the rail 
varies, resulting in a generated potential at the termi¬ 
nals of the pick-up. This output from the pick-up is 
amplified and led through rela 3 rs connected to recorder 
pens, thus giving a record of the impulse received. 

In appl 3 ing the electrical method of fissure detection 
to inspection of rails in tracking, the following factors 
materially affect the final design: 

1. Many spots are enoountered where locomotiye drivers 
have slipped in starting and have gouged out the rail. 

2. Worn or flat spots occur frequently, especially opposite 
rail joints. 

3. In certain stretches of track, rail surfaces have acquired a 
pronounced ripple,—termed corrupted or washboard rail. 

4. Frequently the rails are covered with a hard insulating 
film, the resistance of which may run up to several thousand 
ohms. 

5. The gage of the track varies between certain limits. 

6. Bail surfaces may be level or canted. 

7. Rtul sizes vary from 70 to 130 lb. pw yard. 

The tingle-unit type of detector car is 46 ft. long, 
self-propelled, equipped with extra-heavy frame ^and 
axles, and when running to and from work, is cai^ble 
of a speed of 45 mi. per hour. Just back of the driver's 
compartment are located the cook's galley and comfort¬ 
able li-ving quartCTS for the crew; and back of the living 
quarts is the compartment containing the power 
plant of the detector equipment. At the rear of 
thecaristheopaatingroom. The power plant consists 
of a specially-detigntil double-commutator, 6,000- 
ampere; two*volt, d-c. generator direct-connected to a 
50-hp. four-cylinder gasoline engine. An exciting gener¬ 
ator, and an mr compressor are driven also by thisengine. 
Current from the two-volt generator is carried by heavy 
buses to the brush units under either tide of the car. 

This brush-unit assembly consists of two sets of eight 
solid phosphor-bronze br^es mounted about three 
feet apart, rigidly connected by a cast frame, and 
supplied with individual springs which insure a pressure 
of 50 lb. per brutii. Flanged wheels at the ends of the 
brush-holder engage the raO when the brushes are down 
and because of their angular mounting, ruling to the 
gage side regardless of varying track conditions. Brush 
units are applied to the rail by ^-operated pistons 
electrically controlled from the operator's switchboard. 
If the driver attempts to back up while they are on the 
rails, a safety switch connected to the gear shift of 
the car drive automatically lifts these brushes. 

Brush-contact resistance has been found to be 
greatly reduced by the use of water on the rail; hence 
provision has been made to carry a suffiinent supply of 
watar fca* this purpose and to apply it automatically 
to the rail when the brushes are lowered. Mounted 
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between, the brushes is a. separate carriage upon which 
is supported the pick-up unit; this carriage with its 
eight wheels and swivel mounting holds the pick-up 
unit at a fixed distance above the rail, riding over bums 



Typical fissures found in railroad track rails; 
(tower) the internal fissure, (center) a horizontal 
head fissure, and (upper) a split head. The 
electrical testing device infallibly locates these 
under service conditions 

and flat spots without intraruption. At first the driver 
burns and flat spots gave indications which tended to 
slow the testing; but that source of trouble was reduced 
materially by the eight-wheel mounting. Recent im¬ 
provements in pick-up devices eliminate indications 
from flat spots and all but the largest of the brnns. 

The operating room at the rear end of the car con¬ 
tains the recording table and control board as well as 
amplifying equipment and batteries. The output from 
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the pick-up unit is brought up to a four-tube amplifier 
which is properly shielded and protected from shock. 
Three recorder pen relas^s are connected to the output 
of the amplifier and adjusted to respond to different 
values of plate current, thus giving an indication of the 
size of the d^ect detected. Other relays are provided to 
operate paint guns so that the fissure location will be 
marked automatically byaspot of paint on the rail or tie. 

As shown in an accompanying illustration, the record 
is made up of nine lines, resulting from as many pens, 
which indicate the relative size of each fissure and the 
rail in which each is found, the passage of each rail 
joint, and the passage of each identifying landmark. 
Joint cut-outs mounted on the brush-holders engage the 
angle bars and cut out the fissure pens and paint gun 
at each joint, at the same time operating the joint pens. 
The landmark pen is operated from the ear driver’s 
switchboard. He presses the button whraiever a mile 
post, bridge, signal tower, or other landmark is passed, 
and the operator at the recording table stamps in the 
proper designation. 

In operation, the car passes along the track at 
approximately six miles per hour with from 2,000 to 
3,000 amperes flowing through each rail, the current 
value depending upon the weight of rail being tested. 
The operator seated at the recording table in the rear 
of the car has before him both the record chart and a 
clear view of the tested track. When the car passes 
over a fissure, an indication appears on the record and 
the defect is marked automatically with a spot of paint. 
The operator notes the record, sees the paint mark on 
the rail, stops the car and backs it up to the paint 
mark for a hand test of the suspected spot. For the 
hand test a current of 1,500 amperes is induced into the 
rail by means of air-operated contactors and the unit 
IR drop is measured with a galvanometer. By Twoqn,<» 
of this test the size of a transverse fissure can be deter¬ 
mined within a few per cent. 



A self-propelled detector car; brush and pick-up 
units mouhted between trucks 


The detector car locates not only transverse fissures 
but split heads, horizontal fissures, compound fissures, 
pipes, cracked webs, broken bases, and other defects. 
W^en a defect is located by the car the first question 
asked by the railroad representation is, “wilUt be safe 
to leave the rail in track until there is a lull in the dayr’s 
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traffic, or must the next train be tied up while the rail 
is replaced?^' The answer to this question lies in the 
result of the hand test. When the hand test shows no 
transverse crack the rail is marked for removal at the 
next opportune time; but if a large transverse fissure is 
indicated, the railroad takes no chance but removes the 
rail at once. 

Although the testing speed of the car is six miles per 
hour, there are many elements which enter in to limit 
the total mileage tested per day: 

1. Traffic delays due to olearing for trains frequently consume 
considerable time, but are unavoidable. 

2. When a fissure is located the railroad representatives 
always makes a record of the manufacturer, the year rolled, 
ingot letter, and heat number of the rail. If the rail has been 




A main bush and pick-up unit; flaws in the rail 
disturb smoothness of current flow between brush 
sets, resulting in electromagnetic disturbances 
which qre pick d up by the central device and 
recorded in the car 

in track for several years or has been oiled by the track oiler, 
it is often difficult to locate and decipher the heat numbers and 
it is net at aU uncommon on some roads to have from five to 
fifteen minutes wasted in obtaining the rail data. 

3. A repeat run over a suspected rail takes thirty seconds, 
and from two to three minutes are necessary for a hand test. 

Testing procedure on the ten cars now in service is 
practically identical, but railroads differ somewhat in 
methods of conducting the test. A survey of the 
varipus methods employed indicates that the following 
procedure resists in a minimum loss of time. 

railroad has one man on the car and one on a 
4)ahd car whidi follows, the detector car. In addition 
there is of course a conductor and a flag m an. When 
an jndicahum is recorded the car is stopped, a check run 
m^e pVOT the suspected rail, and the car backed up for 


a hand test. The operator examines the rail and if his 
visual inspection discloses exterior evidence of a split 
head, horizontal fissure, or other defect, he gives the word 
to the railroad man, who makes a red paint mark on 
the tie at the defective spot and chalks the identifica¬ 
tion number on the rail. If no visible defect is noted, 
the hand test is made and the rail is marked as before. 



Recording table and control board; the operator 
can watch the track as well as his instruments 


The car then proceeds with the testing while the man 
on the handcar stops to record all of the data, together 
with the location of the rail, and then continues on 
after the test car. In this way the maximum time lost 
by the major equipment and crew is the two or three 
minutes required for hand testing. 

Two years have passed since the first detector car 
was placed in service and during that time many 
interesting fissure facts have been accumulated. A 
single rail has been found to contain as many as 24 
transverse fissures. Fissures have been found in rajls 
28 years old, and in rails five months old. Many 
consecutive miles of track have been found to be free 
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A typical record made by the detector car 
equipment 


of fissures while other short stretches have had from 
20 or 30 fissures per mile. 

While these isolated cases are of inter^t, the most 
important point is that the transverse fissures are now 
being located and removed from track before they can 
cause damage, whereas prior to two years ago their 
presence was not even known until they had grown to 
the surface, or broken the rail. 
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The Engineer’s Duty 
to Hiinself and to the Public 


The engineer is the one person best 
qualified to know the vital facts under¬ 
lying any great project and to interpret 
their true significance. Upon him, 
therefore, rests the responsibility of 
enlightening the general lay public as 
to the difference between engineering 
facts and political expediency, particu¬ 
larly where public monies are involved. 

By Wittiam S. Lee 

President, A. I. E, B, 

T o DETERMINE the public duty 
of the engineering profession it is 
necessary first to understand the 
engineer’s relation to the public. It is an ideal of the 
Institute that the engineer shall endeavor to assist 
the public to a fair and correct general understanding of 
its engineering needs; to ascertain the general knowledge 
of engineering; and to discourage the appearance of 
untrue, unfair, or exaggerated statements on engineer¬ 
ing subjects in legislation, the press, or elsewhere— 
especially if these statements may lead to or be made for 
the purpose of inducing the public to participate in 
unworthy or unsound enterprises. 

When a project of any magnitude is contemplated it 
is customary to employ engineers familiar with that 
particular line of work and to submit the problem as a 
whole to them. After a thorough study of conditions 
these engineers plan the best layout or design for the 
project, organize the necessary man power, purchase 
materials ^d equipment and ultimately build the 
project, often organizing the entire operating forces 
required for its functioning. Thus the engineer is the 
one person best qualified to know all pertinent details 
of his project; to evaluate them properly and correctly. 

Unfortunately for the public at large, unbiased and 
fundamental engineering information on major projects 
seldom is brosidcast to the public concerning public or 
quasi-public projects. In the inevitable financing of 
any project it is usual that only a few of those involved 
are well informed. If the project be one in which large 
numbers of citizens participate in public financ ing, the 
engineers’ reports sddom if ever penetrate beyond the 
inner circles, except perhaps in modified form. If the 
project be one which can be handled with the financial 
assistance of but a few persons, still only a small group 

An addiesB delivered before the opening sesalon of the A. I. U. B. 
Vinter convention. Now York, Jan. 20,1^1. 


gets a real, direct understanding of the importance o£ 
the engineer’s position and advice. The result is that 
great projects are designed, constructed, and put into 
operation by but few members of the great general 
public which in thelong run pays all the bills. 

Consider for a moment those wonderful and enormous 
projects which you have seen completed by engineering 
ingenuity in the last two decades. Great organizations 
and great masses of men and material were mobilized 
for the purpose by “that army from God knows 
where.” 

“No bands were gaily playing, 

Wlien they were going into action; 

No crowds were madly cheering 
Their deeds of daring do. 

They were owing small allegiance 
To any flag or faction; 

Their color was on the sky-line 

And their war-cry put it through.” 

If the engineer is capable of designing, constructing, 
and operating these projects, he certainly should be. 
taken into the confidence of the public. His assistance 
should be invaluable in advising the public as to policy 
in regard to these developments which play such an 
important part in the growth, and well-being of oiir 
■ eoimtry. 

It is my wish to emphasis the \irgent duty of the 
engineer not only to convince his brother engineer that 
his design, construction, and operation are right, but to 
advise the public to the end that it may he adequately 
and accurately informed; that it may see the fallacies of' 
half-baked political theories, and may avoid develop¬ 
ments that would be prejudicial to the public interest. 
The American Institute of Electrical Engineers always 
has emphatically insisted that in all his relations the 
engineer should be guided by thfe highest principles of 
honor. It holds that it is the duty of the engineer to 
satisfy himself to the best of his ability that the enter¬ 
prises with which he becomes identified are of legitimate 
character. 

We in America are confronted, today with a situation 
that is fraught with danger, because of the fact that the 
public may, through partial or insufficient knowledge, 
reach erroneous conclusions and undertake develop¬ 
ments (legislative or otherwise) that would result in our 
government entering business in competition , with its 
citizens and thus embark upon a course disastrous to 
the best interests both of those directly affected and of 
the taxpayers of the country in general. That is why I 
am urging the engineer, who is trained to consider only 
facts and absolutely true and complete c(fiiditions, to 
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use his efforts in giving the pubKc the correct picture. 
An engineer’s experience has led him to realize that 
nothing ever is as good as it appears on first blush and 
that nothing ever is quite as bad as it first looks. It is 
the en^eer’s lot to study a problem with an unbiased 
mindKo analyze thorou^y and honestly each particu- 
•lar phase of every situation in order to give his dient 
the proper advice. The present national situation is a 
challenge to the best ability and professional ethics of 
the en^eer —each engmeer. 

President Hoover is fundamentally opposed to gov- 
CTnmental industrial ownership and operation. He set 
this forth very clearly in his conduding remarks in 1924 
when, as Secretmy of Commerce, he said: 

We are asked to embrace new social ideas, increase our cost 
of service, decrease our national efficiency, and thus destroy the 
fundamentals upon urhidi our nation has become great. This 
is not progressive, for it is not progress. It is destruction. 

Ex-president Coolidge in “C^vin Coolidge Says" on 
January 6,1931, said in part as follows: 

For wage earners to benefit in time of general depression it 
would be necessary to assume that government ownership would 
prevent fluctuations in the business in which it engages. If it 
is assumed that payment of wi«6s will go on without work, that 
is not employment, but relief. Then no one should work. 

The government has never shown much aptitude for real 
business. The Congress will not permit it to be conducted by 
a competent executive, but constantly intervenes. The most 
free, progressive, and satisfactory method ever devised for the 
equitable distribution of property is to permit the people to care 
for themselves by conducting their own business. They have 
more wisdom than any government. 

Thwe are many problems confronting the people of 
America with regard to public utilities, and especially 
those utilities that have to do with the generation and 
distribution of electricity. It is through the engineers 
I believe that a true and proper study of these problems 
should and will be made. If the vaiyrng tide of senti¬ 
ment for political or public ownership in this country is 
based upon correct economic and business prinmples, 
the theory should be developed and proved, rather fbgu 
hurried into existence by retaKatpry legidation, an 
over-persuasive press, or communities that are rightly 
or wrpni^y disgruntled. 

I ca^pt refrain from emphasizing the vital necessity 
of exercising the utmost caution and care in the consid- 
eratipn of these problems. ,Public ownership in this 
country and in others^ as it has been developed up to 
tMs time, by no means has proved that it deserves the 
7app^ of the people at large; in some instances there 

long run, ^cperience has demonstrated the futility of 
the arguments of those who favor political or public 
ownership. 

« 'For'mstahce, it has been argued that through the 
exordse of government financing electric power plants 
wd; dhtribution syst^ns could be'constructed with 
cheaper ifiphey, . H is a well-known fact 
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that construction projects under government super¬ 
vision generally cost at least twice as much as con- 
truction projects under private ownership, thus 
eliminating any advantage from this source. 

Again, under political or public owmership and opera¬ 
tion those properties concerned usually do not pay 
taxes and the revenue that might be derived from them 
is of necessity transferred to other sources of taxation. 
This is a matter of such great public concern that in 
some states a well-defined movement is under way 
looking toward the taxing of municipally owned utility 
enterprises. 

In this great country today we are polluted with too 
much political engineering, political banking, political 
railroading, and other similar infections too numerous 
to mention. I think, one of the most danger&us situa¬ 
tions that today co^onts the engineering fraternity 
and the public is the mad rush of certain sections to go 
into political, state, or municipal ownership. 

It is the engineer’s duty to the public, in these days 
when there are so many public or quasi-public opera¬ 
tions, to make available his judgment and advice so 
that the people at large may have the advantage of it in 
arriving at intelligent conclusions in these matters. 

It is necessary in this discussion to consider some 
conorete case: Take the much discussed Muscle Shoals 
development; why was it built? Does anyone know? 
Certainly not as a war measure for its actual construc¬ 
tion began after the war was over. The nitrate plant 
located there had constructed a steam plant of a size 
capable of operating it. This steam plant was within 
two or three weeks of completion when the Armistice 
wras declared. Why did the government the next year 
begin the construction of Muscle Shoals? I knew and 
you knew then just as well as we know fifteen years 
later that it was an unsound venture. 

About 1921 the United States government, through 
its chief of engineers, notified the various power com¬ 
panies and^possible power consumers of Jthe South to 
investigate Muscle Shoals and see if they would be 
interested in securing power from it through some 
mutual arrangement. I made a very complete and 
detailed investigation of this plant, its costs, amounts of 
power, ^d other vital points and in a signed report 
dated May 18,1921, covering all these matters (a copy 
of which was sent to the United States Chief of Engi¬ 
neers) my concluaons were given as follows: 

1. The amouiLt of powdr 6stiiaat6d by tke designing 6iigiii66r 

on this ■work is not correct, nor can it be developed there for 
practical nse. Power cannot be sold as primary power ph the 
, basis of average monthly stream flow. Four months* secondary 
power has no ■value at presaut; therefore, the amount of revenu* 
will be materially less than estim ted. 

2. Present use of power in the Southern district does not 
develop more than 60 per cent load ffiotor. The na'vigation 
problems incident to this development are such that plant 
will have to be run at approximately. 100-per cent load factor 
in low-'water season or Waste the Water. 
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3. Total cost of this development will be $56,500,000. 
The additional cost over the present expenditures will be approxi¬ 
mately $40,500,000. The plant when completed is not worth 
$30,000,000. 

4. Transmission of power to the systems of the Southern 
Power Company and the Georgia Railway & Power Company 
cannot be done in competition with power from other sources. 

5. Power transmission to the systems of the Alabama Power 
Company or the Tennessee Power Company on the same basis 
as proposed by the designing engineer would cost these com¬ 
panies twice what they can develop their own plants and produce 
it for. 

6. There is no present use or need for this development. 

7. The permanent work that has been done should be left 
as it is, the construction plant salvaged, and the completion of 
this plant not undertaken until there is developed some use of 
the power which will require from 80-per cent to 100-per cent 
load* factor. 

8. Except for a small amount of power that could be sold 
to the companies operating near this plant, it would stand idle 
for years, with no use for the power. 

9. The loss in discontinuing this work and waiting until 
some use for power can be developed mil be small as compared 
to the loss of investing a large amount of money in the plant 
and letting it«stand idle for years. 

10. There is no way at the present time that the United States 
government can get anything approaching a reasonable return 
on this development if completed. 

11, l^one of the power companies could afford to purchase 
power under conditions proposed by the designing engineer, and 
si 3 f of the eight could not afford to purchase at any price, because 
They fian develop or procure their power from other sources at a 
less price than it will cost to transmit the power from Muscle 
Shoals to their territory. 

My reason for discussing Muscle Shoals is the fact 
that it involves two great principles of the deepest 
significance to the whole country, industrially and 
politically: 

First, should the government go into business? The 
more people that work for the government the nearer 
we approach socialism. I cannot believe that this 
country is ready to go into socialism i hence why should 
we be pursuing this policy ? The greatest factor in the 
developmenfof America has been American initiative 
and certainly when the government goes out and com¬ 
petes with its citizens in business the great American 
initiative will be destroyed. Why should a few mem¬ 
bers of our government persuade the people to set up 
competition with its citizens when the citizens actually 
comprise the government? Why should an organiza¬ 
tion created by the people be endeavoring to destroy 
the people? 

Second, if business is in politics every detail will be 
the subject of terrific political harangue and investiga¬ 
tion. 

A review of some of the estimates of cost for Muscle 
Shoals is startlingly revealing. The development was 
estimated in April 1920 to cost $23,800,000 say 
25 million. Within less than a year this estimate was 
changed to 50 million; now, the plant has been partially 
completed and the cost is approximately 47 million 


and about half of the generating and hydraulic equip¬ 
ment for the powerhouse remains to be complete . 
private corporation would have built the same p ant 
for less than half that cost. 

For any hydroelectric plant to be successful, be 
it government or private, it must be able to compete 
by selling power at a cost equal to or less than tha 
produced elsewhere. Muscle Shoals has less than 
100,000 hp. in primary power. In fact, for many weeks 
during the past year this was less than 65,000 hp. 
Now, if this plant already has cost approximately 47 
million dollars and is still incomplete, it is futile to 
think of its competing on any kind of a business basis 
against other sources of power. No doubt many wi 
say that there is a considerable block of secondary 
power; this is true, but to utilize the secondary power 
a steam plant must be built, with resultant intere^, 
depreciation, taxes, and part-operating expenses to be 
provided for. After provision is made for these charges 
incident to keeping such a steam plant in condition for 
service, the additional cost of fuel and part-operating ex¬ 
penses with a modern steam plant will be so low that 
secondary power from Muscle Shoals will not be 
attractive. 

Would any private corporation enter into such a 
venture? An estimate of approximately 50 million 
dollars and plant not complete, almost fifteen years 
since the project began, no contracts made! 

There is no doubt that Muscle Shoals has been a 
colossal political and governmental blunder, but I fear 
that the next decade will see even greater blunders i 
some of the projects which are under way now, or 
projected, are constructed. If Muscle Shoals, begun 
nearly fifteen years ago, is today earning nothing and 
has no policy, what will occur at Hoover Dam? There 
is a tremendous development started, and nobody 
knows where it is going. An enormous project already 
started from the funds of the taxpayers, but without 
tangible evidence of any definite policy or effective 
contracts. It is time that these matters be discussed 
honestly and more frankly by the engineering fraternity 
with the public to obviate the continuance of these 
terriffie blunders. 

Right in the Greater New York area is the greatest 
aggregation of engineers in the world, and yet serious 
consideration is being given by the state government o 
the building of the Long Sault plant on the St. Lawrence 
River. Every engineer knows jbhat the government 
costs of constructing that plant will be two or more 
times what private costs would be. Further, we knm/ 
that it is impossible to transmit the power from the 
St. Lawrence River and make it available to the City of 
New York in competition with rnodem local steam 
plants. It looks as if the public is being ballyhooed 
for another Muscle Shoals, only on even a more gi- 
gantic scale. 

Engineers have contributed largely to the remarkable 
progress that has taken place in the electrical field dur- 
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ing the past four decades. The progress in this field 
has been responsible in a very large measure for the 
wonderful development of industry in America during 
that period. We engineers are proud and grateful 
that we have been able to have a hand in the remarkable 
progsess which America has made during these years; 
and we should be deeply concerned that no obstacle 
be allowed to slow down or handicap the economic 
development which means so much to the American 
people, from the well-to-do down to the humblest 
working man. 

Hence I protest against this dangerous tendency of 
the day, and I say to each and every one of you engi¬ 
neers, it is your duty, and mine, both to ourselves and to 


the public, to use our best efforts to see that the public 
is correctly and properly advised, for when so advised 
their conclusions will be sound. For,— 

'Tis a coward that quits to misfortune, 

'Tis a knave that changes each day; 

’Tis a fool who wins half the battle. 

And then throws all his chances away. 

There is little in life but labor, 

And tomorrow may find that a dream. 

Success is the bride of Endeavor, 

And Luck but a meteor’s gleam. 

The time to succeed is when others. 

Discouraged, show traces of tire; 

The battle is fought on the home stretch. 

And won twixt the flag and the wire. 


♦ ♦ ♦ 


Control Groups 
Simplify Operation 

Unit arrangement, grouping closely 
around each hydroelectric generating 
unit all of its associated electric 
switching and control equipment, ac¬ 
complishes important economies as 
well as providing improved operating 
flexibility and ease of expansion. Radi¬ 
cal departures in practise have been 
combined with others of more usual 
characteristics to achieve an attractive 
combination. 

By jR. M. Stanley and E. D. Wood 

ByUesby Engineering & Loulsvflle Gas & Electric 

Management Corporation Company 

Chicago LonlsTllle, Ky, 

* Fellow, A. I, E. E. Member, A. I. E. E. 

E lectrical features constituting 
the control of the Ohio Palls hydro¬ 
electric station of the Louisville 
pas & Electric Company represent a distinct advance 
in the art of utilizing well established principles com¬ 
bined in a unique fashion. Thus an initial installation 
cost lower than usual has been achieved as well as basic 
provision for extensions which can be made in a most 
economical fashion from time to time. The design of 
the station is particularly unique in the fact that each 
generating unit is complete in itself; water-wheel, 
■generator, exciter, goyemor, electrical control, and oil 

^'*1^^ 9.^? Ealle Hydrvdectrte Statioii at LoulsviUe, Ky.’’ (No. 30- 
W) prwebted at tbe A,I.E.E, Souths District meetbig, Louisville. 
Ey.,Nov. 10-22,1930. 
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circuit breakers are individual to each generating unit, 
and all related unit auxiliaries are fed entirely from that 
unit, with but few exceptions. The four points tbaf. 
are retained in common and which reflect the more 
usual design are (1) forebay, (2) high-voltage buses, 
and (8) centralized coordinating control for the 
station. 

Each of these features may ot course be recognized as 
embodying well established principles, but the promi¬ 
nent char^tmstic of the Ohio Falls station lies in the 
fact l^at in it are utilized simultaneously, all of these 
combined to the best advantage. The design is charac¬ 
teristic of simplicity, practically all conduit and wiring 
as usually encountered having been completely 
eliminated. 

One of the basic ideas was an electrical control unit 
corresponding to the hydraulic control unit, situated 
near each generating unit. This feature has be6n 
accomplished by grouping all of the electrical control 
fea,tures and placing them inside a cubide located just 
afijacent tQ the governor. But while this (ioncentra- 
tion of electric and hydraulic control is particularly 
desirable as far as in stallation is concerned, it did not 
seem to solve the problem of economical operation. 
Tha*efore a centralized supervisory control was incorpo¬ 
rated, with a single multi-conductor telephone cable 
between it and each generator control unit. This 
arr^gement ha;^pily accomplished centralized super¬ 
vision and control of all units, at the same time re¬ 
ducing to a minimum the number of wire connections 
between the central control point and the controlled 
cubicle. 

Because of the Iowct inspection and maintenance 
expen^, operating as well as ^ed costs are reduced. 
Substitution of the • miniature switchboard and low- 
voltage, multi-conductor, lead-covered control cable 
for the usual large central control board and 19/22 con¬ 
trol cable and iron (wnduit is principally responsible 
for this improvement. Further saving was realized in 
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. Ohio Falls hydroelectric 
plant of the Louisville (Ky.) 
Gas fif Electric Company: 
City of Louisville in the 
background. This project 
was built in cooperation 
with the V. S* Government 
in connection with its navi- 
gation and flood-control 
^development of the Ohio 
Rivet 



obviating the cost of building, heating, and main¬ 
taining a control room of the usual proportions and 
location. 

As n€!W 4-, 13.2-, 66-, or 132-kv. feeders and related 
switching equipment may be required, they can be 
jastaHed in the yard adjacent to the plant and . unit- 
type switchboards, eith^ snn^y or in groups, may be 
placed near the equipment to be controlled. To 
provide supervision for the new equipment the minia¬ 
ture switchboard can be extended fom inches at a time 
to accommodate low-voltage multi-conductor cable 
installed as needed between the miniature board and 
the unit switchboard at the apparatus; and since the 
original plant layout need not be disturbed, this 
tnay be done at a minimum cost. Another impor¬ 
tant ben^t realized in this station is that such ex¬ 
tendons and additions do not involve the danger of 
work around ^operating equipment; the hy^ station 
will not be cluttered with construction tools ^d debris; 
and station opoa-tion will not be jeopardized by work 
being done on control wiring and conduits located near 
active equipment, as was customary under the old order 
of things. 

Three years of successful operation* of the original 
plant, with successful installation and operation of later 
important additions, have dmonstrat^ conclusively 
the entire justification of the departure from conven¬ 
tional layouts; It has been proved that the miniature 
switchboard accomplishes in a successful manner the 
centralized control and supervision of equipments 
widely separated physically. This has been done with 
minimum , space and cost and in such a way that future 
requirements may be met in an economical manner as 
they develop and with no capital outlay in advance of 
the actual operating requirements. 


Water supply for the Louisville plant comes through 
the Ohio River from a 91,000-sq. mi. area extend¬ 
ing well into New York, Pennsylvania, Virginia, and 
Maryland. Conditions are such that the natural flow 
of the riv«* varies from about 792,000 sec.-ft, at the 
time of maximum flood to 6,000 sec.-ft. or less during 
summer drought; whereas the present total water ca¬ 
pacity of the plant is 32,000 sec.-ft. The 8,680-ft. dam, 
which was built in connection with the U. S. govern¬ 
ment’s Ohio River canalization plan, is the longest and 
highest dam on the Ohio River. Together with the 
natural fall of some 28 ft. in the river bed at Louisville, 
a maximum operating head of 37 ft. is provided. 

The water-level variation had much to do with the 
design of the station; to save in supmstructure, the 
generator room floor is depressed 16 ft. below the 
entrance level which is 4 ft. above maximum high water, 
and water-wheels are placed near the low-water level. 
At present eight 13,500-hp. units (at 37-ft hea4), are 
installed and provision is made for two additional units. 
Because of their ability to o^rate rmder heads 
varying from the maximum of 37 ft. down to 8 ft. 
five-blade propeller-type, axial-flow runners, deigned 
to produce 13,500 hp. at 37 ft. net effective head at a 
speed of 100 rev. per min., were selected. 

The 15-ft., 20-ton, cast-steel ruimer is connected to 
the rotor of the genaator by 61 ft. of 23-in. shaft, the 
125-ton combined weight of the assembly being sus^ 
pended from a spring-type thrust bearing. Because of 
the long shaft four guide bearings, three of babbitt and 
one of lignum vitae, are used. Electrically driven fly- 
ball governors operated automatically provide poative 
contaol to servo motors and „guide-vane latches, the 
latter being mounted directly on the qoyer. plate to 
eliminate straii^ on the shift ring. 
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Each generator is rated at 12,560 kv-a., 14 kv. at 100 
rev. per min. and equipped with direct-connected excit¬ 
ers mounted on the thrust-bearing housing. From the 
armature winding twelve leads are brought out to a 
terminal board to peradt differential protection, and 
also for the purpose of changing the operating diarac- 
teristics as deared. Normally for full-load operation 
the windings are connected two-drcuit Y hut for light 
loads they may be connected one-drcuit ddta. Im¬ 
proved effidency of the delta connection as compared 



Generator ipom of the Louisvttte plant sHotring 
th present eight 12,SS0-Uv-a. generating units, 
each with its immediaiiely associated switching 
and control equipment. Buses run the length of 
the power hous in the sheet-steel enclosure 
aUmg f he upstream wall, back of f he generators 
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with the Y connection is computed to vary ^om 2.1 
per cent at 10 per cent of full load to 0.5 per cent at 
76 per cent of full load, 0.9 power factor. Above 75 pe?' 
cent of full load the Y connection is used and normal 
effidendes are obtained. Gtenerator ventilation and 



One of the unit groups; (from the right) genera¬ 
tor, hydraulic governor, supervised control and 
regulating cuMcle, and two. oil circuit breakers 


cooling is accomplished through a totally enclosed 
system and all leakage air is made up through air filt^ 
to remove dust and dirt. The continuing dean condi¬ 
tion of armature and fidd coils resulting from this 
ventilation system h^ kept the ^dency of the units 
at the origuMl value. 

Manual and automiatie control of the generators, out¬ 
going lines, and station setvice hanks is perform^ by 
means of standard panels and control equipment located 
in dose proximity to the equipment controlled. For 
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Interior (front) of a generator cubicle which 
contains instruments for both manual and 
automatic control of its generating unit. Pull- 
button switches on doors and floor-attendant 
signal tights on top of cabinet may be noted also 


protection of th control equipment these switchboards 
with associated relays, contactors, etc., are mounted in 
sheet steel housings. Both control and meter circuits 
are brought to the switchboards by means of Greenfidd 
cablte through multi-drcoit train-tsrpe couplers. These 
couplers facilitate maintenance and greatly expe^te 
quick and complete isolation of the board. 

Each hydroelectric generating unit is designed as a 
complete station within itself with its individual auxil¬ 
iaries automatically and ind^ndently operated. Real- 



Rear of generator. cubicle; train-type multi¬ 
circuit couplers expedite mainteruinc 


izing that auxiliary failures mean jeopardized service, 
several additional features were included to insure 
dependable operation. The scheme of unit auxiliary 
equipment also is carried out as regards.electiical equip¬ 
ment, in that all of the audliaiies with the exception of 
compressed air for the brakes and the d-c. control 
voltage are fed directly from each generating unit! 

During the starting period, the governor fly-ball andf 
oil-pressure-pump motors are fed from a 230-volt 
station auxiliary bus. As the generator comes up to 
speed and 85 per cent of normal voltage is reached the 
gov^or fly-ball motor is transferred automatically to 
the unit feed. The governor oil-pressure motor is 
transferred manually from the station feed to the unit 
feed. The generator cooling-water pump motor is fed 
directly from the unit transformer bank at all times; 



Central supervisory board with its four-inch 
panels 


as previously mentioned, exdtation for the generator is 
from direct-connected exciters. 

The nainiature svritchboard tised to provide cen¬ 
tralized control of the operations of the station is c^- 
trally located on the generator floor between units Nos. 
4 and 5. The control equipment consists of a two-posi¬ 
tion control key for each circuit breaker or other device 
controlled, together with the usual red, green, and while 
signal lamps. In addition to Ihe supervisory control 
keys the miniature boaasd contains voltmeters, reactive 
volt-ampere meters, wattmeters, switches for raising and 
lowering load, and switihes for regulating voltage. 
Control and meter circuits are taken from the super¬ 
visory panels by means of low-voltage telephone wires 
to a terminal box beneath the generator room floor. 
From that terminal box to an auxiliary terminal b6x 
near the unit switdiboards lead-covered 16-pair tele- 
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phone cable in rigid conduit is used, there being one 
such cable between the supervisory panels and each 
generator, transformer ba^, and station auxiliary 
switchboard unit. Insulating, potential, and cxurent 
transformers protect the small instruments on the super¬ 
visory board. 

^ In the operation of the control equipment the opera¬ 
tor at the supervisory panel selects by turning his bus 
selector key the bus to which the machine is to be 
ssmchronized giving the starting signal to the floor 
attendant by turning the “start and stop" control key 
to the “start” position; he also selects whether auto¬ 
matic or self-s 3 nichronizing is to be used in each par- 



Generator leads are simplified with the unit 
grouping; main and auxiliary buses extend the 
length of the station 


ticular instance. The floor attendant then checks to 
see that the gate limit stop is set for full-speed no-load 
value of head, and closes a pull-button control switch 
01 ^ the door of the generator cubicle to give the actual 
starting impulse to the^ unit. The usual assembly of 
protective and interlock devices prevents improper 
sequence in the operation and serves to shut down all 
related equipment when something goes wrong. 

■ Operation Of the Ohio Falls station depends entirely 
upon the: flow of the river. Low water and ,<nyia.11 
Volume or the rapid and ^cessive rise of tailwater 
undeir flood conditions because of restrictions in the 
channel downstream, result in a curtailment of power 
oiitput.' The average yearly complete shutdown due 


to high water is 45 days. To meet navigation require¬ 
ments the forebay pool is maintained as nearly constant 
as possible at El. 420, thus necessitating plant operation 
at the highest point of effieienpy during low-water 
periods, at which time the jJl^uit operation is the govran- 
ing factor of the pool stage. To meet emeigencies for 
short paiods all available equipmOnt can be put into 
service within two minutes. Of coiuse during periods 
when the flow exceeds the discharge capacity of the 
station, efficiencies are disregarded, and pool stages are 
controlled by a combination of manipulation of dams 
and plant operation. 

Appreciable savings both in time and in labor costs 
in operating this plant have been realized as a result 
of the use of automatic control eqmpment. Only one 
switchboard operator is required on a shift, and where*' 
five floor men per shift would have been required for 
the eight generating units under other conditions, in 
this station only three are required. 

Maintenance costs on the station have been even 
lower than were at first expected, which has given rise 
to the belief that the use of automatic equipment has 
resulted in less rather than in more maintenance. 
Experience shows that with the equipment once 
properly adjusted, the routine tests and inspection 



Main transformer connections also are simplified 


have been the smallest maintenance item. These 
tests are conducted weekly and require only the part 
time of one maintenance electridan. 

, The miniature switchboard is ejqiected to permit 
further economies and may even be removed to a future 
nearby steam station in. which case one operator ean 
control both stations. 
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Magnetic Circuit 
Units Adopted 
by I E. C. 

Standardized designations already 
adopted will obviate confusion if gener¬ 
ally ratified; further international 
standardization of electromagnetic 
nom nclature is urged. 

By Arthur E. Kennetty 

Professor Bmeritus of Slectrical Bngtnooring 
Harvard University, Cambridge. Mass. 

Fellow A. I. B. E, 

A t a plenary meeting of the Inter¬ 
national Electrotechnical Conunis- 
sion (I. E. C.) held in Sciandinavia 
in the summer of 1930 was conducted a series of 
international committee meetings on the subject of 
electric ^d magnetic units. Agenda for that series of 
meetings had been prepared and distributed inter¬ 
nationally many months in advance. In America 
a'subcbmmittee on magnetic units of the U. S. national 
committee of the 1. E. C. had held a number of meetings 
in New York, had prepared duly approved agenda for 
Scandinavia, and had distribute the same among the 
other national committees abroad. 

Ever since the electrical congress at Paris adopted the 
C. G. S. magnetic units nutxwdl and gartss in 1900, 
there has been a growing confusion in international 
electrotechnical literature as to the proper use of the 
unit gauss. Some writers used the gauss as the unit 
for magnetizing force 3e, others used it for magnetic 
flux density <B, and still others used the gauss for both 
ae Md (B indis<aiminately. This vagueness and lack of 
uniformity was not conitoed to the literature of any 
single country; it was found in that of all or nearly 
all coimtries and the confusion may be said to have 
become univCTsal. There was, however, universal 
agremient upon the intemation^y accept^ equation 
(B = m3C (1) 

where ffi is the flux density in a magnetizable meditun, 
ac the magnetizing force, and tiie permeability of the 
medium. In the case of a vacuum, or free space— i. e., 
non-magnetic material—^the sanae equation becomes 

® — Mo ac gausses (2) 

where m* is the permeability of free space, which ad¬ 
mittedly is equal numerically to unity in the C. G. S. 
magnetic ^stem. 

From “Magnetlc-Olrcuit Unitg as Adopted by the Intematioiial Electro¬ 
technical Ck>Q]miaBioxi** (No. 31-7) presented at the A. I. B. E. winter 
convention, New York, Jan. 23-30,1981. 
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In equation (2), if space permeability mo is a mere 
number unity, then both (B and 3C are expressible in 
gausses; but if fio has physical dimensions and is not a 
mere unit number, then © is expressible in gausses but 
X is different, and is expressible in some other unit. 

The I. E. C. Scandinavian meeting decided upani- 
mously in favor of the electrotechnical convention 
that M and mo are physical quantities and not mere 
numerics, and that © only should be expressed in 
gausses. For the expresrion of x, a new unit name was 
adopted; namely, the oersted. In fact. Oersted was the 
Danish physicist who discovered at Copenhagen in 
1820 the experimental fact, previously unsuspected, 
that a wire carrying an electric current eve r ei s e s a 
deflecting magneto-mechanical torque or couple upon 
the pol^ of a sxispended magnetic ne^e. 

After reviewing the I. E. C. decisions on magnetic 
units as made at Oslo, recommendations for future 
consideration and discusrion are made as follows: 

(1) The I. E. C. decisions at Oslo to be ratified and 
generally adopted, thus eliminating confusion among 
magnetic imits in the future. 

(2) Another C. G. S. magnetic unit for reluctance 
might advantageously be adopted in the future. In 
America the oersted was used very generally as the unit 
of magnetic reluctance, but this had never been adopted 
internationally and the. assignment of the oersted to 
magnetizing force X leaves a gap in the series of units 
expressing magnetic Ohm’s law. 

(3) A series of magnetic units in the practical or 
voU-ampere-ohm ^stem might advantageouriy be con¬ 
sidered in the future, commencing witii the pramaaaveU 
adopted at Oslo; but that before attmpting any further 
international action on practical magnetic iinits, catain 
preliminary questions as to rationalization and also the 
particular system to be adopted, should first be studied, 
formulated, and internationally settled. This neces¬ 
sarily will take time. 

♦ ♦ ♦ 

Electric Welding Advances 
in Modern Building Construction 

CONSIDERING the new field arc-welded fourteen- 

story office building of the Edison Electiic Ulumi- 
nating Company (Boston) and a nineteen-story all- 
welded stiructure in Dallas. Texas, a few of the data on 
the Boston job as given by Frank P, McKibben in the 
G. E. Review (Dec. 1930) may be of something more 
than passing interest. 

A combination of shop riveting and field welding 
effected the best use of facilities available. Steel 
erection was begun April 9, 1930, followed by the 
welding , bes^nnihg on April 28, completion of erection 
June 26, and completion of Welding June 27.' Pour 
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welding machines were used and seven welders chosen 9.9 in. Electric energy required per ton of building 
by competitive tests of their work. Of a total of 1,814 steel amounted to 4.66 kw-hr.; per ton of welded steel, 
tons of structural steel in the structure, 1,050 tons were 5.83 kw-hr. 

electrically welded with 2,080 lb. (net) of electrode in Infection service included, (1) qualification and 
1,205man-hours of labor and 6,120 kw-hr. of electric periodic tests of weldCTS, (2) ascertaining the use of 
energy. Filet per ton of steel welded amounted to proper electrodes and current values, and (3) in verify- 
57.63 in. with 60.2 in. deporited per welding man-hour, ing completed welds as to quality and as to size, length, 
Filetdepositedpereight-hour day amounted to 402 in.; and location in accordance with plans. A complete 
per pound of wire melted, 29.09 in.; and per kw-hr., daily log was kept. 


The Oil-Blast 
Circuit Breaker 

A further development of the ex- 
plosion-chamber principle avoids the 
mixing of arc and oil in the main gap, 
utilizing the high oil pressure together 
with smooth and controlled flow of oil 
from the chamber to sweep away the 
arc, replacing it with a stream of clean 
oil. With this design tests show that a 
voltage of 44 kv. per inch across the 
working gap actually is reached. 

By D. C. Prince and W. F. Skeats 

Fellow A. I. E. E. Associate A. I. E. £. 

Both of the General Electric Company, Schenectady 

F or more than thirty-five years 
the oil circuit ■ breaker has been 
used as an interrupter for a-c. 
ciiicuits and it still is the most practicid, economical, 
and ^active device so far developed for that purpose. 
In recent years mudi study has been given to the 
determination of the fundamental characteristics of 
the arc in 'oil as encountered in oil circuit breakers. 
One of the first important facts brought to light by 
these studies was that an unconfined arc in oil is 
extremely erratic in length, duration, and amount of 
gas formed. Even the maximum arc lengths vary 
in ^erent sizes of breakers at the same currents and 
'volta^, and in the same breaker are different with 
various opening spedds. These maximum values for 
various conditions and voltages have been determined 
from actual testa and are used as the design basis in 
pkun-break breakers. ' 

An excdlent analysis of oil circuit breaker phenomena 
^lamng the qualitaitive factors governing deioniza¬ 
tion fstes in arcs, is to be found in the A. I. E. E. 
'TkAN^CTlONS, Yol. 49,1930, pp. 421-446 (^‘Extinctibn 

.Trom 3141} presented et the 

VI* A. n. cony^tton, New Vork, Jw. 26-30.1931. 
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of a Long A-C. Arc," by J. Slepian, and “The Us§i of 
Oil in Arc Rupture,” by B. P. Baker and H. M. Wilcox.) 
The principle of confining the arc and maintaming a 
supply of oil in its immediate vicinity has been con¬ 
firmed, although the means suggested differ consider¬ 
ably in operation from the method employed in the 
explosion chamber. The importance of low dissipation 
of energy in the arc in keeping down the mechanical 
stresses accompanying an interruption has been set 
forth, and a new structure has been developed for 
the purpose of accelerating the deionization of a mixed 
gas-and-oil arc path, so as to raise its dielectric strength 
during the short interval while the restoration of 
voltage across the breaker contacts is taking place. 



Fig. 1. Four successive stages in the operation of 
, an ordinary explosion chamber 


The deionization processes suggested, however, (operate 
vigorously throughout the current cycle, requiring for 
an arc of given length, high voltage and energy dissipa¬ 
tion and causmg, therefore, a rapid evolution of gas. 
This is unavoidable where effective deionization at the 
current zero must be secured in a fairly homogeneous 
arc path. But the arc path at the time of rupture need 
not be homogeneous and it is the purpose of this paper 
to describe a process operating along entirely different 
lines. 

For existing drcuit breakers the arc patii at the time 
of rapture has an effective dielectric strmgth of from 
about 2.6 kv., per in. in plain-break circuit breakers 
up to 10.0 kv. for the drion-grid breaks, and as high 
as 16.0 ,kv. for standard explorion-chamber circuit 
breakers. Glean oil has a dielectric strength of over 

Electrical l^ngineering 




200.0 kv. per in,, with a strength under impulse over 
600.0 kv. pm* in. The introduction of any considerable 
amount of solid oil into the gap at the current zero 
therefore holds possdbilities of great improvement 
over other methods of intemfpdon. 

Undm* the worst conditions line voltage may be 
impressed across a 15-kv. breaker in 10 microseconds. 
The rate of voltage rise is then vS x 1.6 x 10“ volts 
per sec. Assuming the oil to have the dielectric 
strength it presents to impulse voltages, or about 
V2 X 6 X 10* volts per in., fresh dielectric must be 



Fig, 2. Explosion chamber specialty designed to 
utilize more effectively the kinetic energy of 
escaping oil to cut the arc 


introduced at the rate of 200 ft. p^ sec. This velocity 
corresponds to a pressure of 255 lb. per sq. in., which 
is not an unusual esplosion-chamber pressure. 

A hig^-voltage tranirformer will have a recovery 
rate corre^onding to \/2 X 5 x 10® volts pa: sec. 
while tihe rate for a long-distance 220-kv. transmission 
line will be about V8X 0.8 X10® volts per sec. even 
though the fiiU volti^ corresponds to 220 kv., line- 
to-line. It is quite possible to design a arcuit breaker 
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Fig, 3. Oscillogram of interruption of 24,800 
amperes at 13.2 kv., 24 cycles, by an oil-blast 
breaker; (A) voltage across contacts; (B) line 
current; (C) tank pressure 


so that oil will sweep away the arc at the rate required 
by the foregoing calculations. 

E^ffectiveness of the explosion-chamber breaker may 
be explained in this way. Fig. 1 shows a standard 
high-speed explosion-chamber drcuit breaker in four 
portions. In the first diagram the breaka* is shown in 
the closed position; in the second, the contacts have 
separated and a small arc has been drawn which has 
decomposed sufficient oil to place the remaining oil in 
the explosion chamber imder considerable pressure; in 
the third diagram, the moving contacts have reached 
the acplosion-chamber throat and oil is being crowded 
in upon the arc in the throat; in the fomth diagram the 



Fig. 4. Mbtslded oil-blast explosion chamber for 
a 110-kv, breaker 
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oil has divided the gas bubble into two parts, interpos¬ 
ing a solid wall between them, and thus effectively 
opening the circuit. 

As the gas bubble expands, driving the oil through 
the throat of the explosion chamber, the pressure varies 
from hundreds of pounds in the large part of the volume 
®f the explosion chamber to a very low value actually 
in the throat; that is, the potenti^ energy of pressure 
has bemi converted into kinetic energy of velocity. At 
the same time, since the pressure is low in the throat, 
the oil can very easily rush into this space so as to cut 
the arc in two. 


TABLE I—TESTS OF 110 KV.. 000 AMPERE OIL-BLAST 
OIBOUIT BREAKER 
Feb. 0, 7 & 18. 1030 




Arc duration 


Voltage 

Amperes 

Cycles 

In. per break 

Kv. per In. 

22 kv. 

44 «... 

.li>30-1880.. 

.3240-6000.. 

..0.8-2.2. 
0.5-1.5. 

_0.8-2.6... 

...,0,6-1.7... 

. .4,2-13.7 
. . 13-44 


To make this action even more positive the form 
of explosion chamber shown in Fig. 2 has been de¬ 
veloped. It contains an upper butt contact A, a 
floating contact B, and a hollow contact C. When the 
breaker is tripped, the floating and hollow contacts, 
B and C, start down, driven by the opening springs, thus 
drawing a short arc between A mid B. This arc forms 
gas and places the oil in the explosion chamber under 
pressure for which there is little relief until the floating 
contact reaches its stop. The secondary break and 
arc th«a occurs between contacts B and C; howevw, as 
the oil glides through the passageway in the contact rod, 
this arc is carried before it and exists alongside of it 
without mixing—hence with a minimiim loss through¬ 
out the current cycle. Then, as soon as the current zora 
is reached, the arc products are displaced by a smoothly 
flowing wall of solid oil, the dielectric strength of which 
has not been impaired by carbonization or entrained 
ionized'gas, ' 

Several beneficial effects are obtained by the use of 
this modification: In the first place, the necessary arc 
length at generator voltages is reduced from something 
slightly”in excess of the inside length of the explosion 
chamber to a little more than one inch per break. 


With a given contact speed this shorter arc can be 
established more rapidly—df decided advantage in 
cutting down the duration of short circuit and the arc- 
energy dissipation. The ^importance of reducing the 
enCTgy from the points of view of (1) keeping down 
the mechanical stiessi^ and oil deterioration restilting 
from a given interruption, (2) increasing the interrupt¬ 
ing capacity of a structure of given size, and (8) 
minimizing the d^onstration accompan 3 dng an inter¬ 
ruption—has been previously established. In addition, 
the shorter arc duration results in less burning and 
longer life of the contact parts and of the oil. Also, 
both arcs are quite effectively kept away from insu¬ 
lating material so that burning of insulating parts Is 
reduced. These two latter effects operate to cut down 
inspection and replacement requirements. Finally, 
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Results of service tests of a 600-ampere 
lS2-kv. oil-blast breaker 


the oil is more effectively directed into the second 
so that the current range over which the chamber 
operates effectively is increased. 

More than 260 tests have been made with currents 
from 900 to 25,600 amperes at 13.2 kv. and up to 56,400 
amperes at lower voltages. Above 6,000 amperes the 
arc is uniformly extinguished at the first current zero 
occurring after the secondary contacts have been sepa¬ 
rated by as much as an inch; and in many cases the arc 
has been extinguished with a contact separation of but 
a quarter of an inch. Pig. 8 is a t 3 rpical oscillo^am 
showing the operation of this circuit breaker. 

The need for high speed of interruption is fully as 
urgent at trainsniission voltages as at generaT»r voltages. 
Accordingly, a somewhat larger explosion chamber was 
modified to correspond to Fig. 2. This arrangement 
was found to be effective up to 44 kv., as is demon¬ 
strated by the data in Table I. By comparison with 
the performance of the standard explosion-chamber 
breaker, the data shown in this table indicate consider- 


TABLB n— TESTS OF XIO-KV aOC-AMPBRE OIL-BLAST OIROUIT BREAKER 

March 18 St 19.1930 


Arc duration 


Kv. 

Amperes 

Cycles 

In. per break 

Arc energy 

Kv-a. X 1,000 

Watts-secs. 
Kv-a., 

Kv. per 

In. in arc 

66. 


- 1 75-3 00 

5 25— 7 60 


.171-194. 


...4.4- 6.8 

88. 


...2.25-3.75..,. 

. .5, 25—11 00 

14-68 ■ 

...0.118-0.187..-. 

...0.084r-0.350.., 

no...,. 


,.,2.26-8.75.... 

A 2fU. O AO. 

11—ae 

.169-191...... 

.. .4.0- 8.4 

132.. 


...2.25-6.00... 

...4.60-21,90. 

♦ • • 4 • • • . 

...18-65.:... 

...0.059-0.199... 
...0.087-0.468... 

. ..6.1-10.5 
...3.0-14.7 

Contact burning negligible. No-load speed 7.8 ft. per sec. 

Oil deterioration negligible. 

No measurable pressure above oil. 
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able improvement. Whereas with the standard ex¬ 
plosion chamber, arc lengths vary from four to eight 
inches, those in Table I vary from 0,5 to 2.5 in. 

At 110 kv., however, it was found more desirable to 
substitute molded explosion chambers for the steel 
chambers used at the lower voltages. Detailed arrange- 



CLoseo pcsmof\f 
A 


B C D 

Fig. 6, Distribution of arcs and gas in four 
steps of operation of an oil-blast breaker 



tested under short-circuit conditions at the Philo plant 
of the American Gas and Electric Company, Its 
actual over-all interrupting time as compared with 
an ordinary butt-contact explosion-chamber breaker is 
revealed in Fig. 5. Field data gathered in these tests 
are presented and discussed in a paper prepared and pre¬ 
sented by R. M. Spurck and H. E. Strang, at the winter 
convention in New York Jan. 26-30, 1931. The gain 
in the case of the oil-blast contacts is more impressive 
when it is remembered that in both cases the mechanical 
time required to separate the contacts is the same. 

During the tests it was found that in many cases the 
circuit has been successfully opened with chamber 
pressures less than those previously calculated as 
theoretically necessary. This is explained by a more 
complete analysis of the oil flow during the arcing 
period. 

Fig. 6 shows a series of drawings representing the 
locations of arcs, gas, and contacts during an operation 
of the breaker; Fig. 6a, the contacts in the closed 
position and in Fig. 6b the upper contacts have 
parted, establishing the pressure-generating arc. In 
Fig. 6c the lower contacts have parted and the current 
is still considwable, giving a fat arc. It is, however, 
beginning to be carried down the contact tube—which 
has been freed of oil—^and gas is commencing to escape 
from the vent holes. As the arc dwindles with the 
cyclic decay in current, the oil moves radially inward 
along an area many times larger than the bore of thq 
contact tube. At the current zero (Fig. 6 d) the ve¬ 
locity of gas moving downward into the tube becomes 
many times the velocity of the inward-flowing oil. In 
effect the rate at which solid oil dielectric replaces 
ionized gas is the velocity with which the gas can go 
through the bore of the contact rod. The gas may pass 
through the contact tube at the velocity of sound, 2300 
ft. per sec. in oil circuit breaker gas at ordinary tempera¬ 
tures, while at are temperatures it probably exceeds 
10,000 ft. per sec., which accounts for the extraordinary 
rate at which the space once occupied by the arc 
recovers its dielectric strength. 

The principle of emplosdng oil only instead of mixed 
oil and gas as the interrupting medium in oil circuit 
breakers is not limited to the larger types; smaller 
types applying this principle are imder development 
and tests already made indicate that large decreases in 
arc length and increases in interrupting capacity will be 
obtained in all cases. 

As relatively newcomers in the oil circuit breaker 


ment of these chambers is given in Fig. 4. Oscillo¬ 
grams show that with this combination the arc duration 
is about three cycles, and both arc drop mad arc energy 
are very low. Results of many tests are shown in 
Table II. 

A 132-kv., 600-ampere breaker with the explosion- 
chamba: arrangement just described was installed and 


field, the authors would" have been utterly unable to 
obtain the results which have been yielded by this 
investigation without the fine cooperation of the General 
Electric Company. Specifically Messrs, W. K, Rankin 
and W. E. Paul have contributed many of the ideas 
on which this paper is based, while G. F. Davis and his 
testing staff has made possible important cheeks upon 
theory, as well as the determination of the performance 
characteristics of the final designs. 


February £931 
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Of Inslifiite anJf RelaieJ ^ciiTitieS 



—Photo by Altwater & Bros., Pgh, 

Pittsburgh, host city to the Institute in March, offers many features of interest 


Middle Eastern District 

Offers Promising Program for Pittsburgh Meeting 


3 as well as in the 
diversive 'attractions offered by a 
membership gathering, ;^e March meet* 
ing of the Liatitnte^s Middle Eastern 
District No, 2 ■will offer material which 
none can well afford , to miss. The 
WilUani Penn Hotel, Pittsburgh, Pa., will 
be headquarters, and the many additional 
possibilities, afforded by the Pittsburgh 
wa will be made a*vadlable to our guests 
by the plans which the local commit'tiees 
; are formplatjbog. The city itself, possessed 
of rairo scenic beauty, has elevations offer¬ 
ing an imusual panoramic view of the 
junction of the Allegheny and Monon- 
gahela rivers where they unite to form the 
Ohio River; its geographic location is 
^^uoh as to ijxBke it a major, center of 
distribulion; its: endo'v^ent of natural 
resom^cee m the; surrounding hills, too, 
make for a jg^eat manufacture^ centers 
ae “Steel and Electric As far 


as the eye can scan, span after span bridge 
the rivers^ with trafiao—-train, boat, 
vehicular and pedestrian—^unceasingly 
present; while the auxiliary municipalities 
with which the river banks are lined make 
the constantly stiiriiig action of the area 
doubly interesting to the mind of the 
•energetic engineer. 

The technical program will include 
papers on such all-important subjects as 
the interconnections between utilities and 
industry, a description of the new pri- 
inary network now being ^tailed in 
Pittsburgh, a symposium on the latest 
methods of grounding, relaying and fault- 
correcting for transmission systems (in¬ 
cluding anotiher paper by Miss Edith 
Clarke), the miscellaneoUB applications 
Of power to ihduslry, and a live discusrion 
of tody’s commtmicatioiL pmblems. 
/Briefly stated, the progmm is as 
follows: 


OUTLINB OF PnOtfRAM 

Wbdnsbdat, Maboh 11,1931 
9:00 a; m. Begistration 
10no a. m. Address of Welcome^President 
WUUamS.Lee 

10:16 a. in. Technical Session Ko^ 1 
2:00 p, m. Technical Session 24*0.2 
8:16 p.m. Theater Party 

Thxtkbdat, Mabch 12, 1931 
9:30 a. m. Technical Session No. 3 
12:30 p.m. Luncheon for Student Branch 
Oounselors and Ohairmen 
2:00 p. m. Student Session 
2:00 p.m. Inspection Trips 
6:45 p. m. Banquet and Dance 

P^BAT, Maboh 13,1931 
9;30 a; m. Technical Session No. 4 
12:30 p.ni. lihncheon for Student Brancdi 
Oounselors 

2r00p. m. Technical Session No.^ 5 
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Entertainment 

Or Wednesday evening tickets for any 
of^ the Pittsbiirgh theatep may be ob¬ 
tained at the registration iiesk. • 
Thursday evening’s social events will be 
the banquet and dance held in the main 
ballroom of the William Penn Hotel. An 
excellent program of music has been 
prepared by Pittsburgh's leading orches¬ 
tra; favors for the ladies, and other special 
features will enhance the pleasure of the 
occasion. Reservations may be made in 
advance for tables seating ten persons; 
the tickets will be $4.00 each. 

Lambs' Prooram 

^or the ladies’ entertainment the 
La^es Committee has arranged a sight¬ 
seeing trip and tea on Wednesday after¬ 
noon, a luncheon and bridge on Thursday 
afternoon, and an indoor golf tournament 
and luncheon Friday morning. 

Inspection Trips 

The following inspection trips, which 
will afford an opportunity to see many 
recent developments of interest to the 
electrical engineering profession, have, 
been planned for Thursday afternoon, 
March 12th: 

1. *The new ICDITA broadcasting station at 

Saxonburg, Pa. 

2. The East Pittsburgh Works of the West- 

inghouse Electric & Manufacturing 
Company, Including the new Central 
and High-Power Laboratory. 

3. Tho Homestead Works of the Carnegie 

Steel Company. 

4. The Springdale Power Station and Coal 

Mine of the West Penn Power 
Company. 

6, The James H. Beed Power Station of 
tho Duquesne Light Oompcmy, 

6. The new 4000 volt primary networh of 

the Huquesne Xdght Company. 

7. The low-tension alternatIng-cuiTent net¬ 

work of the Duquesne Light Ck>mpaiiy. 

8. The Bell Telephone Building, Pittsburgh. 


A description of each of these trips with 
details of transportation, time, etc., will be 
annoimced in the program distributed 
prior to, and during the meeting. 

In addition to the above, special inspec¬ 
tion trips will also be arranged upon 
request; i e,, to the Lake Lynn Hydro 
Station of the West Penn Power Com¬ 
pany, or to other points of interest in the 
Pittsburgh district. 

Railroad Information 

Train reservations may be made at the 
hotels; further train information will be 
available at the meeting's information 
desk. There will be no special railroad 
rates. 

Registration 

Each member should register in ad¬ 
vance by mail, thus permitting the early 
preparation of badges and the saving of 
considerable time and confusion at the 
registration desk. 

Full infonnation regarding the entire 
program will be mailed in advance to each 
member in the district; also a registration 
card, which should be returned promptly. 

Committees 

The personnel of the General Meeting 
Committee consists of the following: B. O. 
Stone, Vice-President, Middle Eastern 
District, No. 2; J. A. Cadwallader, 
Secretary, Middle Eastern District, No. 2; 
C. T. Sinclair, Chairman, General Com¬ 
mittee; F. W, Braund, H. B. Dyehe, 
F. C. Hanker, D. H. Kelly, H. C. Paiste 
and W. R. Work. Those who are ■making 
the local arrangements tor the meeting are 
as follows; C. T. Sinclair, Chaiimain, 
General Committee; and the following 
who are chairmen of sub-committees: 
A. G: Butler, Ineipectioh Trips; J. A. 
Cadw|kllader, Finance; Miss Karen 
Ftedoes, Ladies Bntertamment; F. C. 
Hanker, Meetings and Papers; Moreland 


King, Student Activities; R. L. Kirk, 
Publicity; J. A. MacGregor, Hotel 
Registration and Train Transportation; 
and W. B, Spellmire, Entertainment. 

H OTEL Reservations 

Reservations for hotel accommodations' 
should be made by writing directly to any 
one of the following hotels; William Penn, 
Fort Pitt, Pittsburgher, or Roosevelt. 
All of these are within easy walking dis¬ 
tance of headquarters. 

By special arrangement delegates may 
enjoy the privileges of the Keystone 
Athletic Club by making reservations 
through J. A. MacGregor, Bell Tele¬ 
phone Company, 19th floor, 416 Seventh 
Avenue. 

The Engineers'' Society of Western 
Pennsylvania, located in the basement of 
the William Penn Hotel, also have kindly 
offered the facilities of their club rooms to 
visiting engineers at the District meeting. 
These facilities include a very large and 
comfortable club room well furnished with 
magazines, card tables, and miseellaneous 
equipment. Delegates are urged to make 
full use of the facilities, which will be 
found a very great added convenience and 
pleasure during their stay. 

In the matter of special hotel rooms de¬ 
sired for committee meetings, reservations 
should be made through Mr. MacGregor 
at the address given above. 

Further information regarding hotel 
accommodations and rates will be in¬ 
cluded in the anno'uneement to be mailed 
later. 

Technical Program 

Wednesday^ March 11—10:00 a.m. 

Opening of Meeting 

E. 0. Stone, Vice-President, Middl Eastern 
District Ko. 2. 

Address of Welcome. William S. Leq, Presi¬ 
dent, American Institute of Electrical Englneeis. 



—Pboto by L. F. Beaudry/Pgh. 


Lake L^nn hydroelectric development of the West Penn Pomer Company 
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Session No. 1—On Cable Arcs and 
Arcs in Air 

Sponsored by the Subcommittee on Dls- 
tiibutioii of the Power Transmission and Dis¬ 
tribution Committee. 

Burn-Off Ohabactbbistics of Low-Volt- 
AQB Netwobb: Cables, G. Sutherland and 
D. S. ^acCorkle, New York & Queens Electric 
Light & Power Company. 

Arcs in Low-V oirTAOB A-0. Network 
Cables, J. Slepian and A. P. Strom, Westing- 
house Electric & Manufacturing Company. 

The BE-iONmoN of Metallic A-0, Arcs 
IN Air, S. S. Atwood, W. G. Dow, and W, 
Krousnick, University of Michigan. 

Wedn sday, March 11—2:00 p. m. 

Session No* 2—On Distribution 
NetworJks 

Sponsored by the Subcommittee on Distri¬ 
bution. of the Power Transmission and Distri¬ 
bution Committee. 

Vertical Networks in Metropolitan 
Office Buildings. A. H. Kehoe, United Electric 
Liight ^ Power Company, and Bassett Jones, 
Consulting Engineer, 

The Primary Network, B. M, Stanley and 

O. T. Sinclair, Byllesby Engineering and Man¬ 
agement Corporation. 

Operating Experience with Philadelphia 
A-O, Network, H. S. Davis and W. R. Boss, 
Philadelphia Electric Company. 

Prepared discussion—arrangements will be 
made for interested engineers to present pre¬ 
pared discussions on the problems involved in 
network distribution systems. 

Thursday, March 12—9:30 a, m. 

Sassion No, 3—On Grounding, 
Relaying and Transmission 

Sponsored by the Protective Devices Com¬ 
mittee. 

Committee Report on Present Day 
Grounding Practises, O. A. Powel, Chairman, 

Reactance op Transmission Lines with 
Ground Return, J. E. Clem, General Electric 
Company. 

Fundamental Basis op Distance Belaying, 
W. A. Lewis, Westiaghouse Electric & Manu¬ 
facturing Company. 

Power System Voltages ANb Currents 
Unde^ Paul® Conditions, R. D, Evans and 
S., H, Wright. Westinghouse Electric & Manu¬ 
facturing Company. * 

Simultaneous Faults and Sik-Phasb 
Transmission, Edith Clarke, General Electric 
Company. 

e 

Thursday, March 12*--2;00 p. m. 
Student Session 

Address, William S. Lee, t^resldent, American 
Institute of Electrical Engineers. 

Summer Employment for Engineering. 
Students, Wm. D. Bruce, University of Penn¬ 
sylvania, and M. M. Boring, General Electric 
Company. 

Qualifications Looked fob in a- Cadet 
Engineer, Lewis Fussell, Jr., Swarthmore, 

CoUege, and Dr. B. B. Roberts, Westinghouse 

Bledaric and .Manufacturing Company. 

Has the Student Branch ant.Rbsponbt-.. 

BILITIB8 TO THE FrbbHMAN AND .SoPBOMORE? 

P. .W. Seal. LeOilgh University and G. A. Sanow. 
Case School of Applied Science. 


A Review op Student Branch Aotivitibs 
IN District No. 2, Professor J. T. Walther, 
Univei’slty of Akron. 

Friday, March 13—9:30 a. m* 

Session No. 4—Selected Subjects 

Parti 

Conversion and Distribution of General 
Purpose D-O. Power in Large Industrial 
Plants, R. D. Abbiss, Carnegie Steel Company, 
and D, C. West, Westinghouse Electric and 
Manufacturing Company. 

Part II—Symposium on Intercon¬ 
nection between Utilities and 
Industries. 

Interconnection Between the Duqubsne 
Light Company and the Davison Coke & 



r A vertical campus; the 
University , of Pittsburgh's 
Cathedral of Learning is 


nearing completion 


Iron Company, G. E. Dignan, Davison Coke & 
Iron Company, and R. L. ICrk, Duquesne Light 
Company. 

Interconnection for Power Between 
Public^ Uttlit/bs and Large Industrial 
Users. F. O. Schnm’e, Bethlehem Steel 
Company. 

Absorption of By-Product Power, A, 
Hoefle, Toledo Edison Company, and W. T. 
Woodmancy. 

All the papers In this Session will be re¬ 
printed by the Association of Iron and Steel 
Electrical Engineers. 

Friday, March 13—2:00 p. m. 
Session No. 3—Selected Subjects 
Part I— Industrial Power Applications 

The Use op Electricity in Large Anneal¬ 
ing Furnaces, J. C. Woodson, Westinghouse 
Electric & Manufacturing Company. ^ 

The Use op Electricity in‘’a Modern 
Dairy Plant, H. C. Bnuiner, Westinghouse 
Electric & Manufacturing Company, and A. G. 
Droux, Riock McJunkin Company. 

Part II—Communications. 

Description of KDKA Broadcasting 
Station, R. L. Davis, Westinghouse Electric & 
Manufacturing Company. 

Power Supply for Telephone Systems, 
R. L. Young and R. L. Lunsford, American 
Telephone & Telegraph Company. 

Power Supply for Telegraph Sy.stbms, 
E.W. Griffith. 

Recent Developments in the Opkr.a.tion of 
Overseas Telephone Service, F. A. Qowanr 
American Telephone & Telegraph Company. 


Pacific Coast Convention 
Plans Announced 

Taldng advaatage of the natural 
beauties and other attractive features of 
California’s famous Lake Tahoe, the San 
Francisco Section, hosts to the 1931 Coast 
convention of the Institute have decided 
to hold that gathering at the mile-high 
lake resort. Facilities for technical in¬ 
spection trips are generous and recrea¬ 
tional possibilities are claimed to be 
second to hone. Transportation both by 
rail and automobile is convenient, and 
excellent provisions are available for the 
convenience of family groups; hence there 
is the invitation to ‘‘make it your family 
vacation trip.” 

Tentative dates set are August 26-29 
inclusive, a time chosen to synclironize 
with school terms. 

Committee Appointments 

Convention committee chairman as 
announced include A. W. Copley, general 
chairman; P. B. Garrett, general vicer 
chairman; E. F. Maryatt, general secre¬ 
tary; A. G. Jones, entertainment; B; A; 
Crellin, finance and hotel; A. V. Thomp¬ 
son, Golf; F. R. George, inspection 
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trips; W. C. Heston, publicity; M. S. 
Barnes, registration; C. E. Fleager, 
(Eighth District vice-president) reoep^ 


tion; D. I. Cone, technical program; 
Prof. S. G. Palmer, student activities; 
Paul Lebenbaum, transportation. 


Germany, Great Britain, Holland, Italy. 
Norway, Poland, Roumania, Spain, U. S. 
S. R. and U. S. A. 


Units and Definitions Adopted by 

International Electrotechnical Commission 


JNTBRNATIONAL agreement on the 
dehnitiona and names of additional 
ma^etio units was reached by the Inter¬ 
national Electrotechnical Commission at 
its meeting in Oslo (Scandinavia) July 
193Q, This constitutes a further impor¬ 
tant advance in the standardization of 
electromagnetic units brought about 
through the efforts of this commission. 
The following is an unofficial summary of 
the actions taken: 

The story begins with the preceding 
plenary I. E. C. meeting in 1927 at 
Bellagio,;.when a proposal was presented 
by the Italian National Committee, to 
adopt a unit of magnetic flux in the 
practical or volt-ampere-ohm system of 
units, with* a certain definite name. For 
consideration and report the proposal was 
refe^ed to a special subcommittee of 
' ^dvisGry committee No. 1, on nomencla¬ 
ture to be known as the Subcommittee on 
Magnetic Units, and comprised of one 
representative from each of seven 
National Committees (France, Germany, 
Great Britain, Holland, Italy, U. S. A. 
andtr.S.S.R.). 

The members of this subcommittee 
exchanged much friendly correspondence 
upon the subject; but their views differed 
materially and no consensus of opinion 
could be reached. It was therefore 
decided to ventilate the question by 
papers and discussions in the various 
countries and I.^E. C. national committees, 
with a view toVaving the way for inter¬ 
national agreement at the 1930 plenary 
Scandina*vian meeting. 

The I* E. C. Subcommittee on Magnetic 
Units agreed to attempt a revision of the 
C. G. S. units adopted at Paris in 1900, 
but in order to do so, it was first necessary 
to reach international agreement on the 
fundamental definitions of the C. G. S- 
magnetic units, and especially of magnetic 
permeability ju, on which question, differ¬ 
ences of opinion have appeared in nearly 
all countries. 

It is universally agreed that in a 
vacuum or in free space, with C. G. S. 
units, a uniform magnetising force JC 
produces a uniform flux density ffi of the 
same numerical value; so that space 
permeability fxo, or the ratio CB/^C, in free 
space, is unity: It has been much de- 
batedi however, whether, admitting that 
K = 20 say, produces also ~ 20 in 


free space, the flux density (B is identically 
the same physical quantity as JC; or 
whether the JC sets up a quantity (B, 
which, although numerically the same, is 
physically different. If JC and (B are 
pliysically identical, it is not only super¬ 
fluous but misleading to call them by 
different names and give them different 
units. The same unit gauaa if applied to 
one would necessarily apply to the other. 
If, on the contrary, flux density (B differs 
essentially from magnetising force JC; 
then it becomes necessary to have different 
units for these quantities, even if 
agreement cannot be reached as to the 
absolute dimensions of (B and JC in terms 
of length, mass, and time. 

Decision at Stockholm on the 
Question op Peumeability 

At the first meeting of the Subcom¬ 
mittee on Magnetic Units, it was unani¬ 
mously agreed to accept the hypotliesis 
that for electrotechnical purposes, (B and 
JC in free space have different physical 
dimensions; so that their ratio fip the 
space permeability, is a dimensional 
quantity and not tho more numeric unity 
(in the C. G. S. system). 

It was also unanimously agreed that 
the ratio m/mo of the absolute permeability 
of a magnetic substance such as steel to 
the space permeability should be called 
its reloMve permeMlity, and should be 
taken as a pure numeric. Consequently 
when speaking of steel at a certain 
magnetising force as having an absolute 
permeability fi, of, say, 1,000, this is a 
dimensional quantity of the same dimen¬ 
sions as apace permeability iio\ hut if we 
speak of its relaUve permeability fi/fio as 
being 1,000, we refer to a mere numeric. 

Formation op I. E, C- Subcommittee 
ON Units and Magnitudes 

The Subcommittee on Magnetic Units 
was enlarged in scope and membership 
by the I. E. C. committee No. 1 on 
nomenclature, with the new title, **Sub- 
oommittee on Electric and Magnetic 
Units and Magnitudes,’' and representa¬ 
tives of four additionol national com¬ 
mittees were appointed to it. The new 
subcommittee (E&M U&M) has one 
representative from each of the following 
national L B. C. committees: France, 


Names Adopted for C. G. S. Magnetic 
Units 

The permeability question having been 
settled unanimously, the new subcom¬ 
mittee adopted either unanimously or by 
a large majority the following names for 
C. G. S. magnetic units: 

For magnetomotive force 
(force magnetomotrlce)... SI the name gilbert 
Pormagnetisingforce (champ 

magnetlquo) .JC the name oersted 

For magnetic flxix (flux 

magnetlqae).the name maxwell 

For magnetic flux density 

(Induction).(B the name gauss 

It was mged on belialf of the Danish 
National Committee, that although the 
name oersted had been used in America 
for the C. G. S. unit of reluctance, yet 
this had never been adopted internation¬ 
ally; moreover, that Oersted had not 
interested himself in reluctance; hut had 
actually discovered the magnetic field 
produced by an electric current. Con¬ 
sequently, it would be more rational to 
adopt the name oersted internationally 
for tho unit of JC than for the unit of 2?. 

TJie folloiving units in the C. G: S. 
magnetic system are thus left for the 
present without names;—reluctance, 
reluctivity, permeance, apd permeability; 
however, these are units the names of 
which can be most readily spared by 
electrotechniciansi 

For Use in the Practical System 

In conformity with the Italian commit¬ 
tee’s proposal of 1927, tho subeonimittee 
unanimously adopted a practical unit of 
magnetic flux $ with the value of iO* 
C. G. S. units, and with the name 
pramaxioelL (The prefix pra may be 
regarded as a contraction of the adjective 
‘‘practical”—^in French, “pratique”). It 
was also agreed to adopt the prefix pra as 
applicable for dcTriving practical units 
from corresponding C. G. S; units; 

It was pointed out during the review of 
the subcommittee’s resolutions by the 
main committee on nomenclature, that 
the pi'amaxweU as above defined was a 
definite unit magnitude and unit name 
concerning which there could be no 
misunderstanding or confusion; but that, 
otherwise might be the ease were attempts 
made^to produce other practical magnetic 
units from the remaining members of the 
C. G. S. series. For instance misunder¬ 
standing and confusion might arise by 
using pragilbert, praoerated, or pragauaa. 
This is because there are at least three 
different systems of “practical” units 
recognized today; namely,'(a) the quad- 
rant-eleventh-gram-second system of 
Maxwell; (b) the meter-kilogram-seoond 
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system of Giorgi, and (e) the centimeter- 
gramseven-seoond system of Dellinger, 
Bennet, Karapetoff and Mie. Moreover, 
each of these three systems is sometimes 
claimed to he ‘‘rationalised’* in modem 
technics, by the transfer of the factor 4 ir 
from magnetomotive force to reluctance. 
There might thus be at least two possible 
values for the ^^pragilbert'* and six possible 
values for the Under these 

conditions so far as concerns the prefix 
pra it seems desirable, at least for the 
present, to limit the names for practical 
magnetic units to the pramaxwelL Of 
course the ampere^tum is a practical unit 
of magnetomotive force that has long 
been available and is free from ambiguity. 

Unit of Friqubnct 

It was proposed by the German 
national committee to adopt the hertz as 
the international name of the unit of 
frequency, with the value of one cycle per 
second; but it was found impossible to 
reach agreement on this proposition, 
which was therefore referred back to the 
subcommittee for further conidderation. 

Rbactivb Units Relating to A-C. 

CinciTiTs AND Systems 

The name var was adopted on a 
proposal of the Roumanian national 
committee, for the practical unit of 
reactive power in an a-o, circuit or system. 
This name var may be regarded as a 
contraction of the term “volt-ampere- 
reactif** or “reactive volt-ampere.*" The 
ordinary right-angle triangle, representing 
a-c. power, may thus be regarded as 
having watts for its base, cars for its 
perpendicular, and voWumpms for its 
hypotenuse. 

From the var the kilovar of 1,000 vars 
is derived in the regular way, expressible 
in the contracted form of kvar. Similarly, 
the product of the var and the hour gives 
rise to the ,varhour^ expressible in the 
contraction varh, and likewise the hilovar- 
houriD.1ihetoun.kvarh. “ 

It was proposed to adopt the term 
“hormahance” derived frozn a Greek verb 
naeaning “excitation** as designating 
reactive power; but the motion was lost, 

, and. the matter was left for further study* 
It was then agreed to adopt provisionally 
the tenn “reactive power** itself. Thus, 
^the arc. power triangle would have active 
power its base, reactive power as its 
per^t^dicular, and apparent power as its 
hypotenuse. 

DSFINmON OF PoWBH FACTOR IN A 
SiNDsppAL A-C, System 

{u acoor<laaee with proposal of the 
Roumanian xmlional; ccmmitte^ it was 
ap^ed to define ,the j^wer factor of a 
aiimspidal aro. system in the steady stat 
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by t he numerica l value of the expression: 

P/ ^| + Pr^^ either as a perunitage or 

a percentage; where P is the total active 
power of the system in watts, and Pr 
is the total reactive power of the system 
in vars. 

Definition of Power Factor in a 
Single-Phase Non-Sinitsoidal 
Circuit 

For the case of the general non-sinu- 
soidal a-c. circuit it was agreed to adopt 
provisionally as the definition of the 
power factor, the numerical value of the 
expression: P/(7 /) where P is the active 
power in watts, and F / is the apparent 
power, expressed as the product of the 
volts V and the amperes /. 

Certain other subjects connected with 
reactive components in a general non- 
sinusoidal a-c. system were assigned for 
future discussion in the subcommittee, 
and also certain ambiguities in the use of 
existing electric and magnetic units. The 
hope was expressed that the appearance 
of premature and ill-considered new units 
in electrotechnical literatme may be 
prevented by the work of the I. E. C. 


subcommittee on E<&MU&M, to which 
the national committees may refer such 
questions advantageously for international 
consideration, r 

r 

The resolutions of the Subcommittee on 
Electric and Magnetic Units and Magni¬ 
tudes were reviewed and unanimously 
adopted by the main advisory committee 
No. 1 on nomenclature; thence reported to 
the plenary meeting of the I. B. C. in 
Oslo, July 9, 1930, where they were 
manimously adopted. 

Note: In connection with the adoption of 
the name oersted for the O. G. S. magnetic unit 
of magnetising force 3C, as above outlined, it may 
be of interest to note that on June 27th, the 
opening day in Oopenhagen, an official visit was 
made to the Oersted Statue In a park of that 
city. In the statue, Oersted is represented as 
observing the deflecting action of a voltaic- 
battery current upon a magnetic needle. With 
appropriate ceremonies, President Fddmann 
deposited at the base of the statue a suitably 
Inscribed floral wreath. 

(Signed) A. E. Kbnnbllt, Chairman, 
Subcommittee on 
Magnetic Units of the 
United States National 
Committed, I. B. C. 


1929 Census of Manufactures 
for Electrical Apparatus Shows 39% Increase 


Announcement is made by the Bureau 
of the Census, Washington, D. C., 
December 31, 1930 that, according to 
preliminary tabulation of data collected 
in the Census of Manufactures taken in 
1930, the total value of electrical machin- 
ery, apparatus, and supplies manufac¬ 
tured during 1929 in the United ^States 
amounted to $2,323,597,927, an increase 
of 39,3 per cent as compared with 
$l,668,i04,965 for 1927, the last pre¬ 
ceding census year. 

The total for 1929 consisted of: Insula¬ 
ted wire and cable, $296,858,831; motors, 
exclusive of fan motors, $185,233,201; 
batteries, battery parts, and supplies, 
$146,207,574; industrial, commercial 
and domestic apparatus and appli- 
.ances, $100,698,743; incandescent lamps, 
$^,319,515; switchboards, circuit break¬ 
ers, and switches $79,-^,219; transform¬ 
ers, induction voltage regulators, and 
current-limiting reactors, $78,114,532; 
generating apparatus and parts, $68,- 
131,815; ignition apparatus for internal- 
combustion engines, $64,426,944; con¬ 
duits and fittings, $46,916,073; wiring 
devices, $43,120,093; control apparatus, 
$42,541,032; measuring instruments, 


relays,' and instrument transformers, 
$38,328,070; electrotherapeutic and elec¬ 
tromedical apparatus, $19,957,011; fuses 
and fuse blocks, $13,420,285; electric 
fans, $11,560,642; miscellaneous electrical 
equipment, $936,069,847. 

Of the total, $2,217,63^,994 was con¬ 
tributed by those engaged primarily in 
the manufacture of electrical machinery, 
apparatus, and supplies, and the remain¬ 
ing $105,962,933 represented the value 
of such commodities made as secondary 
products by establishments engaged pri¬ 
marily in other lines of manufacture. 

This industry embraces establishments 
engaged primarily in the manufacture of 
machinery, apparatus, and supplies for 
employment directly in the generation, 
storage, transmission, or utilization of 
electric energy.. It does not cover es¬ 
tablishments whose principal products 
are electric-lighting fixtures, electric signs, 
or motor-driven tools, meohanioal re¬ 
frigerators, washing machines, or other 
machines and appliances constructed with 
built-in motors, ignition apparatus, or 
other electrical equipment, unless the 
electrical equipment is made by the 
manufacturers of the machines or appli- 
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anees and its value constitutes at least 
one-half of the total value of the machines 
or appliances. 

Table I, below, gives summary statis¬ 
tics for the industry, for 1529 and, 1927; 


Table II shows the values of the several 
broad classes or groups of products manu¬ 
factured in 1929 and 1927. The figures 
for 1929 are preliminary and subject to 
revision. 


Winter Convention 
To Be Reported Upon 

As this issue of Electrical Engineer¬ 
ing goes to press, the major technical 
meeting of the Institute, the winter con¬ 
vention, is assembling in the Engineering 
Societies Building at 33 West 39th Street, 
New York. Early registrations presage 
a heavy attendance and indicate a wide 
general interest in the fifty papers to be 
presented at ten technical sessions. 

In the March issue Electrical Engi¬ 
neering will present a news story 
covering the principal features of the 
gathering. If discussers of papers pre¬ 
sented cooperate sufficiently promptly, 
there also will appear in that issue a 
resume of important discussions; other¬ 
wise they will appear in a subsequent 
issue. 


TABLE I—SUMMARY FOR THE INDUSTRY: 1929 AND 1927 


Per cent of 
increase or 

1929 1927 decrease (—) 


Number of establishments. 1,798.. 1,177,.., 1.2 

Wage earners (average for the year)'. 329,361. . 241,666.... 36.3 

WaSes®. $456,204,638. . *336,238,760.... 35.4 

Cost of materiaJs, containers for products, fuel, and 

^ purchased electric cun*ent?. $921,190,963. . *646,761.699,.., 42.7 

Products.totalvaUie^.$2,286,273,042. .$1,637,307,035_ 39.6 


Electrical machineiy, apparatus, and supplies...$2,217,634,904. .$1,661,816,138.... 42.9 

Other products, and receipts for repairing. $68,638,048.. $86,490,897.... -19.7 

Value added by manufacture®.$1.365,082,079, . *091,646,336 _ 37.7 


^Not Including salaried employees. The average number of wage earners is based on the 
numbers reported for the several montlis of the year. Because of the fact that manufacturers 
report the numbers employed on or about the 16th day of each month, as shown by the pay rolls, 
usually taking no account of the possibility that some or all of the wage earners may have been on 
part time or for some oth^ reason may not actually have worked the entire month, tiiiw average 
somewhat exceeds the number that would have been reauired for the work performed if all had been 
continuously employed throughout the year. Thus In some cases the number reported for a given 
month exceeds the average for that month. 

^Manufacturers' profits cannot be calculated from the census figures because no data are collected 
for certain expense items, such as interest on investment, rent, depreciation, taxes, insurance, and 
advertising, 

^alue of products less cost of materials, containers for products, fuel, and purchased electric 
current. 


TABLE II—ELBOTRTOAL APPARATUS, AND SUPPLIES PRODUCTION, BY CLASS 

AND VALUE: 1929 AND 1927 


Class 


1929 1927 


Electrical machinery, apparatus, and supplies, all industries: 

Aggregate value.$2,328,697,927.. .$1,668,104,966 


Made in the *'Electrical machinery, apparatus and supplies" 

industry. .$2,217,684.994...$1,661,816,188 

Made as secondary products in other industries. 105,962,933... 116,288,827 


Batteries, battery parts, and supplies.... 

Oondutts and fittings.. 

Control apparatus... 

Fans, lectric (including motors).. 

Electrotherapeuticandelectromedical (including dental) apparatus. 

Fuses....... 

Fuse blocks...;... 

Generating apparatus and i^arts... 

Ignition apparatus for internaIrCombuBtlon engines. 

Industrial, commercial, and domestic apparatus and appliances: 

Industrial and commercial... 

Domestic (household).... 

InstiTunenta—^measuring, relays, and instrument transformers.... 
Lamps, incandescent-filament (not including sockets and other 

fittings).......... 

Motors, except fan motors (not including starters or controllers). •. 

Switchboards, circuit breakers, and switches.... 

Transformers, induction voltage regulators, and cuirent-llmitiiig 
reactors (exc^tr^oandmeasuring-instrumenttransformers). 

Insulated wire and cable.......... 

Wiring devices....... ....... 

MiGK^ellaneous....... .*..... 


$145,207,674... **146,693.521 
46,916,078... 42,132,036 

42.461,032... «*«0,783,462 

11.660.642.. . 10,766,001 

19,967,011... 16,149,406 

10.784.689.. . 8,811,060 

2.635,696... 2,080,192 

68.131.815.. . *104,246,026 

64.426.944.. . 36,123,296 

23.808.290.. . 12,761,010 

76.890.463.. . 77,519,218 

38,328,070... 34,133,212 . 

86.319.616.. . 87,933,244 

186.233.201.. .. *111,819,865 

79.424.219.. . 71,924.341 

78.114.632.. . *66,266.216 

296.868.831.. . 210,047,947 

48,120,003... .32,703»331 

936.069,847,.. 678,860,676 


*Revlsed. 
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Another Welding Essay 
Prize Contest Announced 

For the purpose of increasing “the 
knowledge of the adaptability of arc 
welding to industry more especially of the 
adaptability of welding in the redesign of 
present machinery cast-iron or riveted 
steel structures to welded steel structures*’ 
the Lincoln Electric Company of Lincoln, 
Ohio, has announced its second arc weld¬ 
ing prize competition, A total of *17,500 
in prizes is offered, divided as follows: 

FlrstrPrize Paper.$7,600 

Second-Prize Paper. 3,500 

Third-Prize Paper. 1,600 

Fourth-Prize Paper. 760 

Fifth-Prize Paper. 600 

Sixth-Prize Paper. 260 

Seventh to Forty-First Prize Papers. 100 

According to the announcement any 
person or group of two or more persons in 
any country of the world may submit a 
paper in this competition. However, 
mandatory requirements United by the 
lincoln Company include: (1) Only one 
paper from any* competitor or group; 
(2) debarment of all Lincoln Company 
employees; (3) actual participation by 
each contributor in the work that^ forms 
the subject matter of his paper; (4) 
that descriptions be practical and readily 
understandable; (6) the machine or struc-* 
ture described Aust actually have been 
designed; (6) subject and illustrative 
matter must be in the English language;'' 
and (7) manuscripts must be mailed prior 
to October 1,1931, arriving in Cleveland 
on or before October 31,1931. 

It is stated also that the subject matter 
of a paper submitted in the prize contest 
must come und^ one of the two followings 
headings: 

"*CA) a description of a useful machine, 
structure, or building previously ifiade in some 
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otlier way that has been redesigned in whole or 
in pari, so that arc welding is applied to its 
manufacture. 

CB) A description of a machine, structure, or 
building not previously made that has been 
designed in whole or in part to the use of arc 
welding and a description showing how a useful 
result is obtained which was impractical by 
mean§ of other methods of manufacture. It is 
not necessary that the machine as redesigned 
should have been manufactured at the time of 
writing the paper. ” 

Details and furtiier information are 
available from the Lincoln Electric Com¬ 
pany, P. 0. Box 683, Cleveland, Ohio. 

♦ 

American- Scandinavian 
Fellowships Due for 
Consideration 

In April, 1931, the American- 
Scandinavian Foundation will award to 
students of American birth a number of 
traveling fellowships for study in Scandi¬ 
navian countries during the academic year 
1931-1932, each fellowship to carry with 
it a salary of SI,000. 

Graduate students and younger instruc¬ 
tors and professors in American colleges 
are especially urged to become candidates; 
and it is preferred that all applications 
first be considered by their suitable 
college or university authorities. 

Chairman of the final jury of award is 
Professor William Hovgaard of M. I. T, 
and as the meeting of the jury takes place 
in April, it is of importance that all 
nominations be well in hand by March 1st. 

Send for details to Neilson Abeel, 
Secretary to the Foundation, 25 West 
Forty-Fifth Street, New York, N. Y. 
He will gladly supply application blanlcs 
and; full information as to course of 
further procedure. 


Lehigh University 
Announces Fellowships 

Up to April 1st, C. R. Richards, 
president of Lehigh University will receive 
applications for fellowships in Lehigh’s 
Institute of Research, as follows: 

One: Henry Marison 13yllesby Research, 
Fellowship in any branch of science or tech¬ 
nology dealing with technical problems of 
interest to the public utilities. 

One; J ames Ward Packard Research P^pUow-^ 
ship in electrical or mechanical engineering, 

One: O. Kemble Baldwin Research Fellow¬ 
ship in any branch of science having a direct 
bearing on aeronautical engineering. 

Two or more: Institute of Research Fellow¬ 
ships, 

Stipends for these several fellowships 
will.be $750 for the Byhesby, Baldwin, 


and Packard and $600 for the Institute 
of Research Fellowship, for each ten- 
month period, with freedom from tuition 
fees. 

Applicants are requested to present full 
statement of training and experience; also 
a transcript of academic record, list of 
references, and a recent photograph. 


Yale Again Offers 
The Sterling Fellowships 

Fellowships established by a gift of 
one million dollars from the trustees of 
the estate of the late John W. Sterling 
are offered again by Yale University, 
open to its own graduates and graduates 
of other approved universities and colleges 
in the United States and foreign countries, 
be they men or women professors or, 
instructors on leave of absence who wish 
to pursue studies and investigations under 
the direction of the faculty of the 
Graduate School at Yale or iu affiliation 
with that body. 

Stipends of the Fellowships range 
from $1,000 to $2,500 and more, dependent 
upon previous experience of the recipient 
and the character of the proposed 
investigation. 

Applications must be submitted by 
March 1, 1931, addressed to Edgar S. 
Furniss, Dean of the Graduate School of 
Yale University, New Haven, Connecti¬ 
cut, upon blanks which may be obtained 
from him. 


♦ 

Columbia University 
Offers E. E. Scholarships 

Each year the governing bodies of 
Columbia University have placed at the 
disposal of the Institute a scholarship in 
Electrical Engineering in the Sclmol of 
Mines, Engineering, and Chemistry of 
Columbia University, for each class. The 
scholarship pays $350 toward the annual 
tuition fees which vary from $340 to 
$360, according to the details of the course 
selected. Reappointment of a student to 
the scholarship for the completion of his 
course is conditioned upon the mainte¬ 
nance of good standing in his work. 

Applicants must meet the regular ad- 
hiission requirements, and all letters of 
application addressed to F, L. Hutchinson, 
the National Secretary, A. I. E. E., 33 
West 39th St., New York, N. Y., should 
give age of candidate, place of birth, 
education, references, photograph, and 
reference to any other activities, such as 
athletics or working one’s way through 
college. The last day for filing applica¬ 
tions for the year 1931-32 will be June 
1,1931. 


The course at the Columbia School of 
Mines, Engineering, and Chemistry is a 
three-year course on a graduate basis. 
Candidates inust have had a general 
education, including considerable work in 
mathematics, physics, and chemistry. 
Three years of preparatory work with 
special attention to the three preparatory 
subjects mentioned in a good college or 
scientific school should be sufficient. A 
college graduate with a B. S. degree in 
engineering can generally qualify to ad¬ 
vantage. The candidate is admitted on 
the basis of his previous collegiate record 
without undergoing special examination. 
Other qualifications being equal, members 
of Student Branches of the A. I. E. E. will 
be given preference. 

The purpose of this advanced oomfse is 
to produce a high type of engineer, trained 
in the humanities as well as in the funda¬ 
mentals of his profession. It is hoped 
that Enrolled Students and others quali¬ 
fied will show a keen interest in this 
scholarship. 


Subway Noise 
Given Technical Attention 

In the January issue of Electuical 
Engineebing appeared a few of the facts 
on “Noise Measurement” as recently 
placed before the Middle Eastern District 
Meeting at Philadelphia, by John C. 
Steinberg, telephone quality engineer for 
the Bell Telephone Laboratories. 

Offering encouragement to Mr. Stein¬ 
berg’s efforts there has now been 
appointed by the Board of Transportation 
of the City of New York, a group of 
acoustical engineers to make technical 
study of noises resulting from elevated 
and subway traffic, and to return a roporic 
upon applications possible to limit or 
eliminate these noises. 

G. T. Stanton, acoustic consulting 
superintendent of Electrical Research 
Products, Inc., and an Associate of the 
Institute, has been given charge of iliese 
investigations and is carrying on tests to 
discover the exact causes of those noises 
and just where their volume is greatest. 
A test trip to the Battery reported in the 
daily press seemed to demonstrate that 
without a doubt the acceleration of 
motors is directly responsible for the 
greatest amount of noise emanating from 
any single source. Except in instances 
where one train was passing another, the 
highest level of noise was inside of the 
ears and not outside upon the tracks as 
most riders would suppose, the bulk of 
the noise appearing to he attributable to 
the grinding of gears, motors, and wheels 
beneath the car floor. With no ready 
escape in this region, the noises reverber¬ 
ate within the^ car causing a greatly 
increased volume of sound. 
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St. Lawrence Commission 
Wants Immediate Action 

The immediate creation of a public 
^Tower Authority^' for the International 
Section of the St. Lawrence River de¬ 
velopment has been recommended to 
Governor Roosevelt and the New York 
Legislature by the Saint Lawrence Power 
Deyelopment Commission of which Robert 
M, Haig is chairman. 

An engineering report has been made 
covering the project, and to quote the 
commission, “it has been found entirely 
practicable to construct the necessary 
project . . . utilizing existing transmis¬ 
sion and distribution systems . . . under 
with operating companies to as¬ 
sure'them ^ fair remuneration for their 
services and assure to the consumer the 
advantages of low-cost power . . . Terms 
of such contract to be worked out upon 
basis of actual cost for generating, trans¬ 
mitting and distributing power. 

“It is estimated that by 1937 the total 
generation of power in New York State 
will exceed 20,000,000,000 kw-hr. as 
compared with 13,000,000,000 kw-hr. 
iiil929.” 

Departing from many plans previously 
offered by Canadian and American 
engineering groups, the Commission 
iifeeonimends a one-dam, two-step devel¬ 
opment at Messena Point, New York— 
farther down stream than priorly con¬ 
sidered, which it contends will “reduce 
construction costs, construction time, 
produce more power with the flooding of 
a minimum acreage and make for the 
elimination of the more serious hazard of 
building power house and spillway on 
what is now dry land.'^ 

By the New York press, the whole 
situation appears to be looked upon as 
largely a political development. 

The Midwest Power Confer¬ 
ence Meets at Chicago in 
February 

In view of the existing economic 
conditions and the relation between 
business economics and the power indus¬ 
try, what promises to be the most signi¬ 
ficant conference on power machinery 
for years will be held in Chicago February 
10-14, inclusive, when nationally recog¬ 
nized authorities on power will address 
the Fifth Midwest Power Engineering 
Conference, and the Fourth National 
Fuels Meeting of the American Society 
of Mechanical Engineers at the Stevens 
Hotel. 

Simultaneously, the Midwest Engineer¬ 
ing Exposiition will present at the 
Coliseum a *‘cross-section** of the newest 


developments in power machinery and 
appliances: G. E. pfisterer, who is 
managing director of the exposition, 
reports that a realization of the absolute 
necessity of revaluating the many factors 
in power economics to meet both present 
and future conditions has created an 
unusually keen interest in this forthcom¬ 
ing event, which will not only present 
important possibilities to the experienced 
engineers but will also offer to young 
engineers the opportunity in a common 
meeting place for an interchange of views, 
the forming of contracts, and assimilation 
of the latest developments in the field 
of engineering. 

Upward of 200 leading manufacturers 
of power machinery and appliances have 
engaged display space and all arrows 
seem to point to a full occupancy of the 
85,000 square feet available at the 
Coliseum. Unusual exhibits of heating, 
ventilating and refrigerating .machinery, 
demonstrating the gains which have been 
made in these various branches and further 
development along new lines, seems 
assured. The refrigerating industry, 
especially, is in a state of flux and the 
newer methods and appliances which 
will be displayed at this exhibition 
should be of intense interest. 

Another important field will be that of 
generation, utilization and distribution of 
power, covering as it does the entire 
range of the power industry. Engineers 


jrAIRCHILD Tl-A monoplane acquired 
recently by the Bell Telephone 
LaboratorieSj New York, for further 
practical experimentation in two- 
way radio communication between 
planes and between planes and ground 
stations. Long- and short-wave equip¬ 
ment is installed, powered by a small 
dynamotor in conjunction with a storage 
battery. 

That police officers patrolling .a city 
from the air may actually be in closer 
touch with headquarters than the patrol¬ 
man on the street was demonstrated in a 
recent practical experiment. Officials in 


will be able to study their specific prob¬ 
lems, as many of the dejuoiistrations will 
be by actual operation. 

♦ 

Shall Advertising 
Menace Radio Programs ? 

That the real usefulness aud benefit of 
radio program possibility is being matori- 
ally hampered if not actually jeopardized 
by a superabundance of the commercial 
advertising element was stressed by 
Doctor Lee do Forest, retiring president 
of the Institute of Radio Engineers in his 
farewell address on the evening of January 
6th. Doctor de Forest is quoted as 
having asserted that the pre.sent “state of 
affairs is an unhealthy one and givc.s 
alarming symptoms for the future . . . 
that advertising from the local stations 
has become so uncontrolled thal; one 
wonders at the patience of a suffering 
public.** 

Just what may be done to rofluco 
or eliminate tliis so-called “cancerous 
growth** remains for the future to dis¬ 
cover; it would appear that much of the 
sales tallc and cheap mediocrity of 
advertising program selections now lieing 
broadcast might well be dispensed witli 
and result in very real benefit to public 
listeners. 


this plane, officials in the laboratoricB* 
Ford plane, and officials in the New York 
police commissioRer*3 office were partici¬ 
pants in two-way and tlirec-way com¬ 
munication between the planes and' 
between the*planes and ground, while the 
two planes were aloft over two widely 
separated parts of the city. • 

Some of the possibilities immediately 
suggesting themselves include the pursuit 
of criminals operating in high-powered . 
automobiles,' tbo untangling of highway 
traffic jams, and cooperation, with -fire 
departments' in large watej-froht or 
industrialfiresi 
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New Recommendations for 
Electricity on Shipboard 

A 1930 edition of *‘Recommended 
practise for Electrical Install tions on 
Shipboard” has just become available. 

TSe pamphlet, which was originally 
known as “Marine Rules” has been de-, 
veloped under the auspices of the 
A. I. E. E. committee on application to 
marine work and in its new edition in¬ 
cludes extensive revision of the 1927 
issue, with considerable of new mate¬ 
rial on such points as motor-operated, 
water-tight doors, electric brakes, radio 
compasses, etc. It is known as Section 
45 in the Institute’s Standards series, 
and is on sale at a price of $1.50 per copy 
with a 50 per cent discount to Institute 
members. 

A $5,000 

X-Ray Screw Driver 

According to'recent press reports from 
Stanford University (California) the 
versatile X-ray has been harnessed to the 
lowly task of driving screws. 

It is said that P. A. Ross, the in¬ 
ventor, physics professor at Stanford, uses 
his machine as demonstrable support for 
the theory that X-rays behave like 
bullets rather than like waves, as is 
popularly believed. His equipment con¬ 
sists principally of an X-ray spectrom¬ 
eter, Indications are that the new device 
will not, however, at once displace the 
ordinary household tool, for it admittedly 
requires a lot of screw-driving to warrant 
a S5,000 implement. But it is stimulating, 
to allow free rein to the imagination in 
considering some of the many possibilities 
of little-known forces. 

East River Tube 
Projected for New York 

It is reported that the War Department 
at Washington aJreadjr Las approved 
proposed cohstruotion of $50,000,000 
twin vehicular tunnels under the Eai^t 
Eiveri New York, the city being oom- 
uaitted to the project by an appropriation 
of $350,000 for borings, engineering 
studies, and estimates. Actual report by' 
the city’s Board of Transportation has 
^ not yet been forthcoming, and 'Jdhn H. 
Delaney,•chairman is quoted as having 
stated that “recommendations would 
larobably be made within fche next three 
months.”: 

The tubes would connect Borden 
Avenue, Queens, witb. East 87tb and 38th 
Stte^e^ ij^anhattan., and would form the 
Castom third . of a velnoular channel 
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proposed for fast middle-Manhattan 
crosstown traffic, ultimately to cross 
Manhattan underground to the Hudson 
River and thence to Weehawken, N. J., 
via another bore. Preliminary investi¬ 
gations have been completed, and the 
issue awaited now seems to be an eco¬ 
nomic one to prove or disprove its 
feasibility. 

♦ 

Nearly 14 Million Miles 
Phone Wire in New York 
City Area 

New York City is served by 9,4(K),000 
mi. of telephone wire, about 495,000 mi, 
of which was installed during 1930, 
according to a review for the year issued 
today by J, S. McCulloh, president of the 
New York Telephone Company. Man¬ 
hattan alone has a total of 3,734,000 mi. 
of wire, of which 264,000 were added 
during the year. 

More than 98 per cent, of all telephone 
wire mileage is now enclosed in storm¬ 
proof cable, the report shows. Twenty 
new central offices, including nine in New 
York City, installed in 1930 bring the 
total in service in the company’s territory 
to 494. The wire mileage interconnect¬ 
ing the telephones served by the company 
was increased in 1930 by 948,000 to a 
present total of 13,760,000 mi. 


Vestal Copyright 
Bill Recommended 

Edwin J, Prindle, chairman of the 
Pentent Committee, has recommended 
that the American Engineering Council 
endorse the Vestal Copyright Bill, H. R. 
12549. This House bill provides (1) for 
automatic copyright, (2) that the author 
may divide such copyright into separate 
ways in which it is capable of utilization, 
(3) that all authors, be they American or 
foreign, will. have automatic copyright 
in all countries which are members of 
the International Copyright Union, (4) 
that the term of copyright will he for the 
life of the author and fifty years after his 
death, and (6) that prints and labels for 
articles of manufacture are* included in 
said copyright. 


Jap'anese Professor Arrives 
for Study of Electronics 

Masaham Hoshiai, assistant professor 
of electrical engineering at Tokyo 
Imperial UuivOTsity is now in New York, 
having been sent to America for a year’s 
stay by the Denki-Gakkwai-—the Insti¬ 


tute of Electrical Engineers of Japan— 
under a grant from the Iwadare Fund 
for the encouragement of electrical sci¬ 
ence, Professor Hoshiai is the first person 
selected imder this endowment. 

Professor Hoshiai was graduated from 
the electrical engineering course of the 
Imperial University in 1922 and has since 
devoted his time to the study and teach¬ 
ing of electrical science at that University. 
The purpose of his visit is to extend his 
knowledge of applied electronics. Mail 
can be addressed to binn in care of 
W. H. Capen, International Standard 
Electric Corporation, 67 Broad Street, 
New York City. 

♦ 

Civil Engineers 
Elect Francis Lee Stuart 

The opening session of its Wednesday 
morning meeting, January 21, saw the 
installation of Francis Lee Stuart, con¬ 
sulting engineer for the City of New York, 
as President of the American Society of 
Civil Engineers, As chief engineer of the 
Baltimore & Ohio Railroad from 1910 to 
1915 and subsequently its consulting 
engineer, Mr. Stuart is of course well 
known in all railway and transportation 
circles. He has served also as chairman 
of the budget committee of the U. S. 
Railroad Adminisl^tion in 1919 and in 
1920 acted as consulting engineer to the 
Hydro-Electric Power Commission of 
Ontario (Canada). 

In assuming his new office Mr. Stuart’s 
message was directed toward the present 
critical situation facing business and 
industry and stressed the vital importance 
of the engineer’s duty toward ultimate 
adjustment of financial, managerial, and 
economic complications through a better 
understanding of cause and effect. 

Research and investigational activities 
of government bureaus m their impor¬ 
tance to the engineering profession con¬ 
sumes the balance of Wednesday, In 
attendance at that meeting were George 
K. Bmgess, director of the Bureau of 
Standards; J. D. Sears, administrative 
geologist of the United States Geological 
Survey; Major-General LyUe Brown, 
chief of U. S. Engineers, S, H. McCrory, 
and others of eminence. 

The place of the civil engineer in the 
planning of cities, the prequalifications of 
highway contractors, and tiie use of 
natural gas for the generation of steam 
power, afforded no little food for debate. 
Thursday offered..a full day for the 
discussion of these and several other 
interesting themes. 

Friday closed the convention with " 
excursions to New Jersey to inspect, the 
recently constructed terminal of the 
Lackawanna Railroad, facilities of the 
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Newark airport and important highway 
and bridge construction now going for¬ 
ward under the direction of the New 
Jersey Highway Commission. 

Social functions of the meeting included 
a d inn er dance at the Roosevelt Hotel 
Wednesday evening, when Honorary 
Membership in the Society was con¬ 
ferred upon John R. Freeman, nationally 
known hydraulic engineer; and a smoker 
Thursday evening at which Doctor Roy 
Chapman Andrews told of his recent 
expedition to Central America. Approxi¬ 
mately two thousand engineers from 
more remote sections of the country as 
well as those in proximity to the Bast 
al/tended and benehtted by the fellowship 
of the meeting. 


Television 

Again Demonstrated 

Previous application of this marvel 
of science has been so restricted to test 
and experiment that the “running public^* 
have quite “counted themselves out*' as 
a matter of oourse. Now things seem to 
be getting along and on January 7th, a 
“television tea’* was given by Bell 
Telephone Laboratories and the American 
Telephone and Telegraph Company, 
jointly, when one group of woman guests 
gathered at one location were called 
separately to the telephone to greet “in 
person’* the several members of a group 
at the other location. Many of these 
gruests were members of the Woman’s 
Engineering Club, and the tea proved 
highly instructive as well as diversive. 

In this same field the use of television 
4s being debated as an adjunct to police 
forces, to supplement police radio broad¬ 
casting already in action. Pictures of 
fugitives from justice would appear 
across the television screen in station 
houses or police patrol cars and the police 
would be given an actual visual knowl¬ 
edge of the person or persons to be 
apprehended., Chicago already is pio¬ 
neering in this tryout as to the feasibility 
of police television and the authorities 
there after witnessing a demonstration 
through the Chicago Daily News experi¬ 
mental television station have recom¬ 
mended the adoption of visual radio in 
direction against and detection of crime. 
Mr. Wade, president of the Western ^ 
Television Corporation of Chicago, by 
whom the demonstration was made, 
explained that the police' department 
could have its own television transmitting 
station with television receivers in each 
outlying station house and that the police 
cruising cars now- equipped with short¬ 
wave; receivers could have also television 
receivers. 


N. Y. Electrical Association 
Elects New Officers 

Clarence L. Law, Associate A. I. E. E., 
general commercial manager of the 
New York Edison Company, and assis¬ 
tant to the vice-president of the Yonlcers 
Electric Light and Power Company, was 
elected yesterday to the presidency of the 
Electrical Association of New York at its 
annual meeting at its headquarters, 100 
East Forty-fifth Street. 

Mr. Law succeeds Earl Whiteliorne, 
assistant vice-president of the McGraw- 
Hill Publishing Company. Others elected 
at the association’s meeting were Theo¬ 
dore H. Joseph, first vice-president; 
A. Lincoln Bush, second vice-president; 
H. H. Barnes, jr., third vice-president; 
Prank A. Pattison, fourth vice-president; 
L. L, Strauss, treasurer; Edward Ingra¬ 
ham, secretary, and J. A. Corcoran, 
assistant secretary. 


San Antonio Now has 


JVmerican 

Engineering Council 


A. E, C. will Participate in 
Washington Celebration 

By special invitation from the George 
Washington Bicentennial Commission, 
and a set of resolutions approved and 
adopted at its last board meeting, the 
American Engineering Council will partic¬ 
ipate in plans for the national celebration 
of the 200th anniversary of the birth of 
George Washington, America’s first engi¬ 
neer president. 

By these resolutions, a copy of which 
was transmitted to S. Bloom, director 
of the commission, and incorporated in 
the official proceedings of the meeting, 
the Council pledges its earnest coopera¬ 
tion with the commission in such ways as 
may open to further the completeness of 
plans for suitable observance of this 
memorial date. 


High-Pressure Plant 

What is said to be the highest-pressure 
steam-electric generating unit now in 
commercial operation recently was placed 
in operation by the San Antonio Public 
Service Company in its Conception Road 
station. There the company has rebuilt 
what is generally known as Station B, by 
adding an 8,000-kv-a. unit to the 12,500- 
kw. unit of the original layout. 

The rebuilt plant now consists of a 
20,000-kw. compound unit designed for a 
maximum of 1,400 lb. pressure with a 
temperature of 825 deg. fahr. at the 
throttle. The combined units operate in 
parallel connection to. the busbars and the 
old unit now constitutes the low-pressure 
stage' of the whole, with an operating 
pressure of 176 lb., 660 deg. 

Another interesting feature of the 
rebuilt is that the new high-pressure 
boiler is installed in the already existing 
boiler room, with the roof raised tp 
accommodate the new equipment; the 
air heater and economizer are located 
outside of the building. 

Another advantage, especially in this 
locality, lies in the fact that although 
the unit is designed primarily for oil 
firing, a natural gas fuel may be used if 
desired. With the Installation of turning 
gears, the adjacent la^er unitia will now 
be used for standby purposes or to 
handle peak loads. The company’s 
engineers are most enthusiastic over 
these gears and are endorsing their 
further application on other standby 
units of the system. 


♦ 

Engineers Aid Hoover’s 
Employment Committee 

As the outgrowth of a conference of 
representatives of architects, contractors, 
engineers, and the steel, cement, and 
lumber industries called by CoL ijpthur 
Woods, chairman of President Hoover’s 
emergency committee for employment, 
there has been formed a public and semi- 
pubUo works section of that committee. 
The purpose of that section is to endeavor 
to ascertain why works projects already 
authorized and for which appropriations 
have been made are not going forward, 
discovering if possible ways and lueans of 
ejqjediting them so that the work will be 
undertaken proniptly. 

General 0. W. Kutz, Corps of Engi¬ 
neers, U. S. A., (retired) is serving as the 
American Engineering Council’s repre¬ 
sentative in this work, and the American 
Society of Civil Engineers has requested 
its local sections to serve as the principal 
field agencies for eoUectiug necessary 
information. Emergency bills passed by 
Congress have removed some inhibitions 
of existing law or regulations in so far as 
the federal work is concerned and there 
are other bills pending which, if passed, 
will remove other impediments. 

The President’s emergency committed 
also desires to collect through the Ameri¬ 
can Engineering Council information 
regarding any efforts made by employers 
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to stabilize employment during the 
present emei^eney and any permanent 
plans adopted. Sections of the Institute 
and the American Society of Mechanical 
Engineers were requested in December to 
undertake this task. Results of their 
sxurveys give much of the desired informa¬ 
tion regarding employment conditions in 
the various industrial centers and the 


efforts of local organizations to bring 
about improvements. 

A pamphlet entitled “Outline of 
Industrial Policies and Practises in Time 
of Reduced Operation and Employment^* 
has been prepared for the emergency 
committee^ and copies may be secured by 
addressing the committee, Department of 
Commerce Building, Washington, D. C. 


A. E. G. Officers Elected at Annual Meeting; 
Business Stabilization Plans are Discussed 


E. 0RUNSKY, re-elected president 
of the American Engineering Coun¬ 
cil, presided at its annual meeting held at 
the Mayflower Hotel in Washington, 
D. C,, Jam 16-17, 1931. Other officers 
elected for the coming year included 
0^^ H. Koch of Dallas, Texas, and D. 
Robert Yamell of . Philadelphia, as 
viejB-p?^sidents; H. E. Howe of Washing¬ 
ton, treasurer (re-elected); and Lawrence 
W. Wallace of Washington, executive 
secretary (re-elected). The other two 
vice-presidents, who continue for another 
year, are,Lewis Buckley Stillwell of New 
York and Gardner S. Williams of Ann 
.Arbor, Mich. 

Actions of importance to the nation, of 
interest to the engineering profession as a 
whole, and of particular interest to many 
individuals among the 59,000 professional 
engineers which it represents, were taken 
by the Council. These are outlined in 
the following paragraphs. 

BusiNjass Stabilization 

S^jyen principal points of attack on the 
proble^i of accomplishing business stabi¬ 
lization were recommended in a report 
prepared by a committee headed by 
Rciph E. Pla^nders of Springfield, Vt., 
vice-rpresident of the Amencan Society 
of Mechanical Engineers. The report 
recommended in part: 

(1) Maintaining or increasing the con¬ 
sumption of goods and services; ( 2 ) 
balancing plant, machinery and processes 
gainst production demands; (3) balanc- 
^ distnbution agencies against con¬ 
sumer requirements; (4) baJancmg mMi- 
power against production and distribution 
demancfe; ( 6 ) controlling money and 
credit to satisfy the needs of government, 
business, and the individual; ( 6 ) ^en¬ 
couraging research activity to increase 
human weU-being through development 
and progress in industry and business; 
balancing public works against public 
need. 

The Council authorized its administrar 
tive board, and through it the executive 
committee, *{9 take such steps as may be 


desirable to bring about such measures as 
the report recommends. 

Further appropriations by the federal 
government to relieve the present de¬ 
pression were disapproved, and the 
proposal of a federal bond of 1,000 million 
dollars to construct public works was 
specifically opposed by the assembly, the 
legislative organ of the Council. Acting 
upon the recommendations of a com¬ 
mittee headed by L. B. Stillwell of New 
York, the assembly opposed plans advo¬ 
cated by various organizations and 
individuals looking to the issuance by the 
federal government of large amoimts of 
bonds for emergency construction work, 
on the grounds that: 

The organization and facilities of the 
several departments of the government, 
which under the law must direct this 
work, woTild not be able to e:^end with 
reasonable efficiency and within a period 
of two years any large amount in addition 
to the appropriations already made. 
Sums already made available by the 
federal, state, andmuideipal governments 
by the railroads, public utilities, and 
other corporations, are so large in the 
aggregate as to miake the effect of an 
additional billion dollars which might be 
appropriated relatively of secondary or 
minor importance. 

Recommendations on Fedebal 
Projects 

Establishment of a federal department 
of public works was urged by Major 
Gardner S. Williams, in Ms report as 
chairman of the committee on govern¬ 
ment reorganization. Major Williams 
stated the belief that the measure would 
not meet with as much opposition tMs 
time as previously experienced; and that 
it was becoming generally recognized that 
if such a department had been in existence, 
for the pagt ten years or more a great deal 
of the present confusion in connection 
with the emergency construction of public 
works would have beeu avoided. 

Opposition to all Muscle Shoals bills 
that contemplate government ownersMp 
or operation, or that set aside the intent 


and purpose of the Federal Water Power 
Act was reaffirmed by the Council. 

A special committee appointed to study 
the McNary-Parker bills, wMcb provide 
for the establishment and development 
of Am&ican transport services overseas, 
to encourage construction of American 
airsMps and other aircraft in the United 
States by American capital for use in 
foreign commerce and for other purposes, 
recommended that the Council support 
these bills in principle and allow the 
committee time for further study. The 
Council approved the recommendation. 

The Council voted to use its influence 
to secure the appropriations necessary Jio 
the restoration of the locks in the Norfolk- 
Florida Canal. 

♦ 

Acting upon a carefully prepared s:ec- 
ommendation of the Washington Society 
of Engineers, the Assembly voted: 

( 1 ) That the Council strongly endorse 
the principle of the federal government 
pajdng all the necessary expenses of 
transporting civilian engineer employees, 
their dependents, and household effects, 
incurred by a change of station under 
competent orders. And since the execu¬ 
tive committee of the interdepartmental 
board on simplified office procedure, office 
of the cMef coordinator, now has under 
consideration a proposed act to provide 
for change-of-station allowances— 

( 2 ) that a proper representative 1 .he • 
Council confer with the committee for the 
purpose of acquainting the committee 
with the Council’s very keen interest in the 
matter, and with its desire to correct any 
inequities prevailing and to work mih the 
committee to the end that any legislation 
it finally proposes will conform to the 
expressed desires of the Council. 

(3) That the WasMngton Society of 

Engineers be asked to continue its special 
committee so that the Council may call 
upon it from time to time for information 
and advice as the work proceeds. ^ 


President Grunsky’s Suggestions 

A special committee appointed to study 
the president’s speech at the opening of 
tMs session of the Council, found three 
important suggestions in the president’s 
address wMch should receive careful 
consideration. The first suggestion, con¬ 
cerning the minimum height of bridges 
over navigable waters, was referred to the 
Council’s committee on bridges. 

The committee recommended that 
L. W. Wallace, executive secretary of the 
^ Council, be requested to take up with the 
Society of Naval Architects the matter of 
the maximum size of merchant ships in 
relation to docks and canals, and if 
possible secure their advice and opinion.. 

The third suggestion, concerning the 
important question of the conservation 
of natural, water resources, was referred 
to the Council’s committee on water 
resources. 


148 


Electrical Engineering 



Action on Congressional Bills 

The Assembly, at the recommendation 
of the Committee on Public Affairs, 
considered a number of bills now pending 
in Congress, and voted on the attitude of 
the Council in regard to them. The 
Assembly voted actively to oppose 
S.5209, S.4819, and S.4938,—three bills 
on the subject of road legislation. The 
Coimcil will support H. B. 13576, another 
road bill, and bills S.4791 and S.5021 
•concerning federal building programs. 

The subject of a new naval towing tank 
in Washington was considered by the 
Council, and the following resolution 
pe,ssed: 

Whereas, the present naval towing tank 
Tn^Washington, D. C., is inadequate for 
modern experimentation and not equal in 
size and other facilities to those main¬ 
tained by the most modem and pro¬ 
gressive nations, and 

Whereasy the Navy Department is 
requesting an appropriation for the 
construction of a new naval towing tank 
along the Potomac in the vicinity of 
Cabin John Bridge, and 

Whereas, the American Engineering 
Council has supported similar projects 
for the benefit of scientific research in 
•other departments, as for example, the 
National Hydraulic Laboratory at the 
Bureau of Standards, and 

Whereas, such an experimental model 
basin as proposed by the Navy would 
contribute incalculable values in keeping 
the United States in the forefront of naval 
construction and design. 

Be a resolved, that the public affairs 
committee recommends that the Ameri¬ 
can Engineering Council endorse this 
project and appoint a special committee 
to confer with the naval authorities and 
members of Congress and offer to these 
agencies any practical assistance in 
securing the enactment of legislation 
booking to the creation of a new model 
basin towing tank. 

The Assembly acted favorably upon 
the application of the Colorado Engineer¬ 
ing Council, benver, for membership in 
the American Engineering Council, and 
welcomed their representative, R. C. 
Gowdy, chief engineer of the Colorado 
and Southern Railway Company. Ap¬ 
pointment of a representative on a joint 
committee to study prequalifications for 
contractors was authorized, but the 
Assembly declined to express its opinion 
at this time as to the advisability of such 
prequalifi cations.. 

Representatives of the American Insti¬ 
tute of Electrical Engineers in attendance 
were A. W. Berresford, C. 0. Bickel- 
haupt, F. J. Chesterman, M. M, Fowler, 
P, L. Hutchinson, W. S. Lee, William 
McClellan, L. P. Morehouse, I. B. 
Moultrop, Parley Osgood, W. S. Rodman, 
R. P. Schuchardt, Charles P. Scott, C. B. 
Skinner, Harold B. Smith and L. B. 
Stillwell. 

February J931 


’^ersoxtaLi 


1 


Lee De Forest, retiring president of 
the Institute of Radio Engineers, and 
Fellow of the A. I. E. E., was bom at 
Council Bluffs, Iowa. In 1896 he was 
graduated from Sheffield Scientific School 
of Yale University with the degree of 



LEE DB FOREST 


B.. S.; in 1899 he received his Ph. D., and 
in 1926 D. Sc., both from Yale. He has 
been identified with radio since the year 
1901; in 1906 he patented the audion or 
three-element vacuum tube, and in the 
years that followed became an active 
worker in its various applications. 
Doctor de Forest has been the recipient 
of many honors, among them the Gold 
Medal of the St. Louis Exposition in 1904 
for work on wireless telegraphy, the Gold 
Medal of the San Francisco Exposition 
in 1915 for his work in radiotelephony; 
the cross of the Legion of Honor from 
Prance; the Elliott Cresson Medal from 
the FranJclin Institute; the Medal of 
Honor from the Institute of Radio Engi¬ 
neers'', and the John Scott Medal from 
the City of Philadelphia. 

Doctor de Forest assumed the presi¬ 
dency of the I. R. E. January 1930. 


Ray H. Makson, a member of the 
Board of Direction of the Institute of 
Radio Engineers (1928), and a member 
of the A. I. E. E. since 1902, has been 
chosen president of the radio engineers, 
taking office at the recent January 
meeting. 

He was bom at Bath, Maine, was 
graduated from the University of Maine 
in 1898, and received his degree of E. E. 
from that institution in 1921. From 
1899 to 1900 he was employed in the 
telephone ipanufacturing department and 


the electrical laboratory of the Western 
Electric Company in Chicago; the next 
four years were spent in the engineering 
and sales departments of the Kellogg 
Switchboard and Supply Company, 
Chicago. Then for a long period—until 
1916—he was connected with the Dean 
Electric Company and its successor, the 
Garford Manufacturing Company of 
Elyria, Ohio, where for the last four years 
his service was as chief engineer. Since 
that date he has been busy with the 
Stromberg Carlson Telephone Company, 
Rochester, and is now its chief engineer 
and one of its vice-presidents. 

During his affiliation with the manu¬ 
facturing business, he has taken out over 
fifty patents on inventions in telephone, 
phonograph, and radio fields. He has 
been active also in radio standardization 
work in the radio division of the National 
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Electric Light Association and is now 
chairman of its technical committee; for 
several years, he has been serving also as 
chairman of the electro-acoustic subcom¬ 
mittee of the I. R. E. 

♦ 

Robert Lee Wilson, Fellow A.J. E. E 
and assistant to the president of the 
Westinghouse Electric and Manufac¬ 
turing Company has resigned from that 
position. Mr. Wilson’s resignation be¬ 
came effective December 31,* 1930. 
While he will devote himself mainly to 
his private affairs, he will be retained b 3 r 
the Westinghouse Company on call in a 
consultative capacity, according to the 
statement made by F. A. Merrick, presi¬ 
dent of the company, in accepting the 
resi^ation. 

In 37 years of service with Westing¬ 
house Mr. Wilson rose from apprentice to 
draftsman, to inspector, road engineer, 
district engineer, superintendent of con¬ 
struction, superintendent of railway con¬ 
struction, assistant general superinten¬ 
dent, works manager, and then assistant 
to the president. 
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Born in Shelbyville, Ill., January 29, 
1871, he was the son of Dr. William G. 
and Prances Anna (Lee) Wilson, who had 
moved to Illinois from Hartford county, 
Maryland. Mr. Wilson received his 
preliminary education in the public 
schools of Shelbyville, attended the 
University of Iowa for one year and Rose 
Polytechnic Institute, Terre Haute, Ind. 
for three years, graduating from the 
latter institution with the degree of bache¬ 
lor of science in mechanical engineering 
in 1892. He took one year of post 
graduate work in electrical engineering at 
Johns Hopkins and started work for 
Westinghouse in 1894. He married 
Fanny Hampton Jeffers Kennard of 
Pittsburgh in 1900. 

Prom 1903 to 1905, while he was dis¬ 
trict engineer with headquarters in 
New York, Mr. Wilson superintended the 
original electrification of the elevated and 
subway lines. While he was superin¬ 
tendent of railway construction from 1906 
to 1909, he handled the biggest job ever 
undertaken by Westinghouse, the con¬ 
struction and installation of equipment 
for the electrification of the New York, 
New Haven and Hartford railway and the 
St, Clair tunnel of the Grand Trunk rail¬ 
road. Much reconstruction work was 
necessary on these contracts; they were 
the first two important a-c. railroad 
electrification projects in the United 
States. 

Mr. Wilson was one of the first indus¬ 
trial leaders to advocate elective repre¬ 
sentation in works councils and the 
amicable adjustment of disputes by 
joint conference committees representing 
management and employes. Recognition 
of his fairness and his service in employ¬ 
ment and welfare work has come from all 
divisions of the Westinghouse organiza¬ 
tion, He was elected a member of the 
board of directors of the Westinghouse 
Veteran Employes’ Association and has 
also been very active in other shop 
organizations. 


T. S. PuRKiNs, formerly manager of 
supply engineering and consulting engi¬ 
neer for Westinghouse Electric & 
Manufacturing Company, has with the 
&:st of the year become its general 
manager of distribution engineering and 
win represent S. M. Kintnbb, assistant 
vice-president, in his work with several 
departments. Already Mr. Perkms has 
done much creditable work in his solution 
of complicated problems in the supply 
engineering department and standardiza¬ 
tion of production and design. R. W, 
Owens becomes general manager of 
mdustrial engineering and . will represent 
Mr. Kintner in- another group. of the 
Westinghou8(e departments; most of his 
work has bSen in connection with motor 
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engineering and he now falls into the field 
of the supervision of industrial motors, 
control, small motors and industrial 
heating engineering. At the Sharon 
works, W. M. McConahey has been 
appointed consulting engineer with head¬ 
quarters in the transformer department, 
H. V, Putnam to succeed him as manager 
of the transformer engineering depart¬ 
ment. Other important changes effective 
January 1, 1931, are the appointment of 
M. S. Hancock as assistant manager of 
of the industrial motor engineering 
department and R, E. Marbury as 
assistant manager of the supply engineer¬ 
ing department. 


as well as his earlier service in the execu¬ 
tive division of ARMCO will aid Mr. Cole 
greatly no doubt in his new field of 
service. 


Roy Page, who is vice-president and 
general manager of the Nebraska Power 
Company, Omaha, Nebraska, where he 
has always been active in civic affairs, 
was elected to the board of directors of 
the United States National Bank at its 
recent annual meeting. The United 
States National Bank is associated with 
the Northwestern Bancorporation. 


W. S. CoNLON has been ‘ named as 
successor to J. C. Williams, city engineer 
for Stamford, Connecticut. His varying 
work in the past as executive engineer, 
consulting engineer, designing and con¬ 
struction engineer, superintendent of 
construction and assistant engineer and 
assistant superintendent of construction 
of buildings, docks, sewage systems, water 
supply, etc., should make Mr. Conlon 
particularly well fitted for this new public 
works undertaking, especially as most of 
the past operations have been with 
engineering surveys and investigations 
in studies and reports for public utilities, 
railroads, etc., such as the New York 
subway and elevated service, the New 
England Power system in Vermont, New 
Hampshire, Rhode Island, Coimecticut 
and Massachusetts, and other similarly 
representative organizations. 


H. 0. Stephens, I. H. Sclatbr and 
A. B. Hendricks, Jr., have been ap¬ 
pointed assistant engineers of the power 
transformer department of the General 
Electric Company, Pittsfield, Massachu¬ 
setts, of which P. P. Brand is managing 
engineer. Mr. Stephens will be in charge 
of the design of oil-immersed transformers 
over 7,000-kv-a., air-blast transformers, 
reactors, and starting auto-transformers; 
Mr. Sclater will have charge of trans¬ 
formers from 501- to 7,000-kv-a,, oil- 
immersed current and potential trans¬ 
formers, radio power, and other 
transformers; while the design of all 
developmental and high-voltage testing 
apparatus will come under the direct 
charge of Mr. Henricks. 


G. H. Cole on January 1 was trans¬ 
ferred from the executive division of the 
American Rolling Mill Company, Middle- 
town, Ohio, to become associate director 
of its research division. Extensive experi¬ 
ence in the engineering and research work 


Louis Macklbr, formerly electrijpal 
engineer with L. T. M. Ralsison, Inc., 
New York City, has been appointed 
consulting engineer to the P. P. O’Keefe 
Advertising Agency, Inc, which has 
offices in Boston and New York. Mr. 
Madder will remain in New York. 


Oltiiuary 


Edward G. Connbttb, president of 
the United Gas & Electric Corp., and an 
expert in field utilities, died at Lockport, 
New York, December 30, 1930. Mr. 
Connette was a native of Austin, Indiana. 

In his active career he started as 
telegraph operator in the mechanical and 
engineering departments of steam rail¬ 
roads where he shortly became assistant 
superintendent. In 1889 he took chargq. 
of street railway operations in Nashville, 
Term, and as superintendent equipped 
them with’ electric apparatus incluctog 
the first double-reduction type of motors. 
After one year he was made general 
manager, at the same time serving as 
general manager and chief engineer of the 
Cumberland Electric Light & Power 
Company, Nashville, Tenn, His next 
service was as vice-president and general 
manager of the Syracuse Rapid Tran^ 
Railway Company, from which in 1905 
he transferred to general managership of 
Worcester Consolidated Street Railway 
and subsidiary companies. This in 1909 
led to his choice as transportation engi¬ 
neer for the public service commission’s 
First District; there, besides being m full 
charge of the transit bureau, he supervised 
equipment of the inspection bureau 
(including power houses, transmission 
lines, cars, etc.) the accident bureau and 
appraisal^ bureau. Recently he had be^ 
associated with the J. G. White Manage¬ 
ment Company of New York City; he had 
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served also as vice-president of the 
Wilkes-Barre Company, president of the 
United Gas and Electric Corporation, the 
Harrisburg Light Corporation Company, 
the Elmira Railway ancf Light Company 
and the Lockport Light and Gas Com¬ 
pany, which latter he was visiting at the 
time of his death. For five years he was 
vice-president of the Syracuse Rapid 
Transit Railway Company, and for two 
years vice-president of the International 
Railway Company at Buffalo, New York, 
and aft,crward its president. He had 
served also as director and member of the 
executive committee of his company and 
yico-prcsident, director and member of 
the executive committee of the Inter- 
^ national Traction Company. His club 
connections included the Municipal Engi¬ 
neers, the Buffalo Club, the Old Ellieott 
Club, the Wanakah Club, and the 
Country Club of Buffalo. 


Eugune a. Hart, a popular and active 
uKunbor of the Institute’s Los Angeles 
Section, and manager of the transmission 
department of the General Electric Sup- 
ply Corporation, Los Angeles, died at 
his homci in that city December 11 after 
an (extended illness of several months. 

He was born at High Point, Missouri, 
Ai;iil 1881 and after completing high 
school took special courses in electrical 
(Uiginecring. In 189G he started an 
apprcinticeship with the Los Angeles 
Elect,ric Company which kept him busy 
until 1904; tlien he removed to Chicago 
to pursue his electrical bent in the meter 
([(apartment of the Commonwealth Elec¬ 
tric Company. His general duties from 
1904 to 1918 were in connection with 
small combination gas and electric plants 
of tlui Jefferson City (Mo.) Light Heat 
and Pow(^r Company; when he resigned 
ho had advanced to the office of assistant 
manager. Pie then spent 8 years in 
electrical contracting, after which he 
became assistant manager of the Missouri 
Public Utilities Company at Poplar 
Bluff. This led to a managership of the 
company’s operations in what was known 
as the L(?ad Belt Group, at Plat River, 
Mo., wiiere he built the distribution sys- 
t,(mis and transmission lines for seven 
towns. 

In 1917, he was transferred to become 
manager of its southeast Missouri group 
(13 towns) with headquarters at Cape 
Girardean, Mo., work involving a com¬ 
bination of water, gas, electric, and street 
railway properties, rebuilding all depart¬ 
ments including ICO miles of power lines. 
The Los Angeles Gas and Electric Com¬ 
pany induced him to enter its distribution 
department in 1924. Prom 1925 to 1927 
he was sales engineer in charge of the 
transmission department of the Los 
Angeles distdet of the Pacific States 


electric Company, predecessor of the 
General Electric Supply Corporation. 



Samuel Winthrop Dean, Associate of 
the Institute, died January 8, 1931, in 
the Massachusetts General Hospital, 
Boston, after a long illness. 

Mr. Dean was born August 29, 1897, 
at Cambridge, Mass. During the war 
he served as Ensign in the U. S. Naval 
Reserve Force. After graduation with 
A. B. degree from Harvard University 
in 1919, he was employed with the Radio 
Corporation of America until 1925, 
working on transmitting and receiving 
radiotelegraph problems. Prom 1925 
until his illness he was with the develop¬ 
ment and research department of the 
American Telephone and Telegraph Com¬ 
pany engaged in development of long¬ 
wave receiving systems for transatlantic 
radio telephony. During this period Mr. 
Dean spent some time in England and 
Scotland. He was the author of several 
technical papers and was granted several 
patents. 


G. Stanley Covey, assistant service 
foreman of The Washington Water 
Power Company, Spokane, Washington, 
and an Associate of the Institute, died in 
December 1930. He was born in March 
1878 at Jordan Palls, Shelburne County, 
Nova Scotia, and after attending both 
high school and private school took a 
special course in steam engineering. 
Later he spent three years in the operat- 
ing'department of the Pacific Electric Rail¬ 
way Company, Los Angeles, and one .Vear 
as an engineer for the Southern California 
Edison Company at San Bernardino. He 
had been with the Washington Water 
Power ever since 1904, where his first 
services was principally on the operation 
of motors. 


liuiBERT Doyer, a Member for Life of 
the Institxite and for many years a resi¬ 
dent of Clos Myriel Chailly village, 
Lausanne, Switzerland, recently died 
suddenly at his home. Mr. Doyer was 
born in Utrecht in 1862, and was a charter 
member of the Institute. He was gradu¬ 
ated from the Holland Polytechnical 
School in Mechanical Engineering in 1885 
and for sometime thereafter worked in 
the physical laboratory of that institution, 
in an ambition to promote so far as 
possible the electrical industry in Holland. 
He became internationally prominent, 
and now leaves behind him a host of 
friends, both in the profession and in 
civil life. 


A list of members whose mail has been 
returned by the postal authorities is 
given below, with the addresses as they 
now appear on the Institute records. 
Any member knowing of corrections to 
these addresses will kindly communicate 
them at once to the office of the Secretary 
at 33 West 39th St., New York, N. Y. 

All members are urged to notify 
Institute Headquarters promptly of any 
changes in mailing or business address, 
thus relieving the member of needless 
annoyance and assuming prompt delivery 
of Institute mail, the accuracy of our 
mailing records, and the elimination of 
unnecessary expense for postage and 
clerical work: 

Bradford, A. O., Oentral Mex. Lt. & Pr. Go., 
San Luis Potosi, S. L. P., Mex. 

Cromwell, P. C., Artliiu* Anderson & Co., 1814 
Harris Trust Bldg., Chicago, Ill. 

Davis, R. H,, Westinghouse E. & M. Co., East 
Pittsburgh, Pa. 

Dawson, Leonard L., 98 Looker Ave., Spring- 
field. N. J. 

Gale, R. E., 706 N. 19th St., Boise, Idaho 
Herrera, R., Utah Pr. & Lt. Co., c/o Mr. 

Bennion, Salt Lake City, Utah 
Kigar, D. P., 1403 Minnie St., Port Huron, 
Mich. 

Lieb, Adolph W., N. Y. Edison Co., 393 7th 
Ave., New York, N. Y. 

Mahnkb, E. Chris, 1400 E. 53rd St., Chicago, 
III. 

pRBHN, Victor N., 940 Broad St., Newark, N. J. 
Sherwood, W. E., Kew Gardens, 2700 Que St. 

N. W., Washington, D. C. 

Sliney, David, 11 Orchard St., Cranford, N. J. 
Vav Wyck, P. V. R., Summit, N. J. 

Vrbeland, P. P., 110 E. 176th St., New York, 
N. Y. 

Williams, Clifton S., Research Lab,, Westing- 
house E, & M. Co., East Pittsburgh, Pa. 


Local IVHeelingis 


New York Power Group 
to Meet Next in Newark 

The Power Group of the Institute’s 
New York Section will hold its next 
meeting in the Public Service Auditorium, 
80 Park Place, Newark, New Jersey, the 
evening of Tuesday, February 17th, at 
7:30 o’clock, with R. E. Powers of the 
Westinghouse Electric & Manufacturing 
Company as the speaker. 

Mr. Powers takes for his subject “High- 
Speed Relaying and Switching,” and will 
devote his time principally to showing 
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how the margin of stability can be in¬ 
creased by inoreaising the speed of fault 
removal, as well as by speeding up the 
action of relays and circuit breakers. A 
general discussion in which all present 
should freely participate will follow 
Mr. Power’s talk. 

The nomination of Power Group 
officers for 1931-32 also will be con¬ 
sidered at this meeting. 

♦ 

Color 

in the Work World 


Niagara Front! r 

February 16, 1931— Am Circitit 

Breakers, by Mr. Gunion, I. T. E. Co. 

March 1931—^Subject and speaker 

to be announced later. 

Seattle 

February 17, 1931— Operating Prob¬ 
lems OP Trunk Line Electrification, 
by J. Hawe, Electrical Engineer, Great 
Northern Railway. 

March 17,1931—^Annual joint meeting 
of the Pounders’ Societies with program 
in charge of the American Society of 
Civil Engineers. 


On the evening of Tuesday, February 
10th, the New York Section jointly with 
the A. S. M. E., the New York Electrical 
Society, and the Museum of Science and 
Industry, will hold a meeting on “Color 
in the Work World.” 

Chiefly, this will be a demonstration 
lecture by Doctor M. Luekiesh, director 
of the lighting research laboratory of 
the General Electric Company. Doctor 
Luekiesh, who has been making an ex¬ 
haustive study of color and its effects 
upon the various processes of industry 
and occupational surroundings, is ably 
prepared to present his conclusions in a 
particularly interesting manner. 

The meeting will be held in the 
auditorium of the Engineering Societies 
Building, 33 West 39th Street, New York, 
at 8:15 o’clock; because of the popular 
nature of the topic of the evening, admis¬ 
sion will be by ticket only, but reservation 
forms will accompany the regular meeting 
notices sent out to the membership. 


Fiiliure 

S^dion 


Cleveland 

February 19, 1931— Recent Prog¬ 
ress IN ^Communication Technology. 
Speaker from the Bell Telephone Labora¬ 
tories, Inc., to be anpounced later. 
®March 19, 1931— Industrial Appli¬ 
cations OP Yacuum Tubbs and Photo- 
Blbctric Cells, by E. L. Manning, 
General Electric Research Laboratories, 
Schenectady, N. Y. 

Detroit-Ann Arbor 
February 17, 1931— Detroit Toll 
Board, by E. C. Balch, Michigan Bell 
Telephone. Co. Meeting at Miohigan 
Bell Telephone Auditorium. 

March 17, 1931— -The Sound of a 
Shadow, by J. B, Taylor, General 
Electric Co. 


Sharon 

February 3, 1931— ^Audible Light, by 
John B. Taylor, General Electric Co. 

Spokane 

March 27, 1931—^Program by local 
members as follows: Service and 
Services, by G. S. Covey; Standard 
Meter Equipment, by J. G. Finley; 
Relay Application to Feeder Pro¬ 
tection, by C. F. Norberg. 
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Akron 

Power Transformer Design and 
Tap Changing Under Load, by L. C. 
Nichols, AUis-Chalmers Mfg.. Co.. Fihn— 
“The Story of Bakelite Resinoid” pre¬ 
sented. December 11. Attendance 70. 

Baltimore 

Recent Engineering Projects by 
the Bureau of Mechanical Service, 
by Warren Viessman, Mechanical-Elec¬ 
trical Engineer, City of Baltimore. 
Illustrated with views of the city’s 
engineering developments in street light¬ 
ing, aii^ort illumination, power conduits 
owned by the city, city incineration, and 
power installations in various city 
buildings. 

Water. Works Pumpage—The Ver¬ 
non Pumping Station, by Leon Small, 
Superintendent Engineering Division, 
City of Baltimore. Joint meeting with 
the A. S. M, E., A.. S. C. E., and Baltimore 
Engineers Club.. December 12. Atten¬ 
dance 58. 

Boston. 

Recent InternationalUndbrstand- 
iNGS IN Electrical Engineering and 
Radio, by Dr; A. B. Kennelly,, Harvard 
Universily. December 9. Attendance: 75. 


Columbus 

Chain Broadcasting and Teletype 
Operation, by J, T. Jenkins, Anlerican 
Tel. & Tel. Co. Accompanied by 
demonstrations 6f some apparatus used 
in teletype work. December 5. Atten¬ 
dance 65. 

The Threshold op a New Era in 
Lighting, by T. P. Brown, Edison Lamp 
Works. Illustrated. January 9. Atten¬ 
dance 25. 

Connecticut 

High-Pressure Steam, by I, E. 
Moultrop, Edison Electric lUuroinating 
Co. of Boston, and Vice-President District 
No. 1, A. 1. E. E.; 

Operating Results op the Mercury 
Turbine, by T. H. Soren, Hartfofd* 
Electric Light Co. Meeting 4ield at 
Hartford Electric Light Co., preceded 
by dinner at the City Club. December 
16. Attendance 95. 

Dallas 

Meeting held under the auspices of the 
Student Branch at Southern Methodist 
University, at which the following, papers 
were presented by Students: 

Demonstration op Short-Wave 
Broadcasting, by D. J. Tucker; 
Thermocouples, by R. L. Allen, Jr.; 
Experiments with the Transformer, 
by Carlos Burnet. November 17. At¬ 
tendance 75. 

Annual Dance. December 15. At¬ 
tendance 140. 

Denver 

The All-American Canal and the 
Problems op the Salton Basin, by 

M. M. Meintire, Imperial Irrigation 
District, Imperial, Calif. Illustrated with 
lantern slides. Dinner preceded the 
meeting. December 12. Attendance 32. 

Detroit-Ann Arbor 

Patents and Inventions, by George 

N. Willitts, General Motors Corporation, 
and Secretary Michigan Patent Law 
Association. Mr. Willitts pointed out 
the difficulties m the present patent 
procedure and outlined the reform in this 
system which the Michigan Patent Law 
Association has gone on record as favoring. 
Joint meeting with the Detroit Engineer¬ 
ing Society. December 12. Attendance 
125. 

Fort Wayne 

Transient Phenomena in Small 
Electromagnets, by H. H. Clayton, 
General Electric Co. Illustrated with 
slides. 

Luminous Tubes and Transformers, 
by C. W. Kronmiller, General Electric Co. 
Considerable discussion followed. De¬ 
cember 18. Attendance 70. 

Houston 

Banquet at which* the members of. the 
Section were- guests of the* Intemational 
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Creosoting and Construction Co. Mov¬ 
ing pictures were shown of modem 
methods used in the wood preser'vdng 
industry. E. E. Boehne^and Mr. Myers, 
both of the above company, e^cplained 
various treatments and answered ques¬ 
tions. December 16. Attendance 55. 

Ithaca 

Twentieth Century Developments 
IN Our Knowledge op Matter and 
Energy, by Professor F. K, Richtmyer, 
Cornell University. December 12. At¬ 
tendance 200. 

Kansas City 

Some Construction Details in an 
Industrial Power Plant, by C. O. 
Benton, Standard Oil Co.; 

Some • Mechanical Engineering 
Problems in a Modern Oil Refinery, 
by W. L. Mathews, Standard Oil Co.; 

Economic Design op Intercity 
Communication Facilities, by J. F. 
Burwick, Southwestern Bell Telephone 
Co.; 

Intercity Communication Plant 
Construction, by J. H. Schweitzer, 
Southwestern Bell Telephone Co. Joint 
meeting with the University of Kansas 
Branches of A. I. E. E. and A. S. M. E. 
Buffet luncheon served at the close of the 
meeting. December 4. Attendance 180. 
Lelftgh Valley 

Power Supply for Single-Phase 
Railroad Electripicatton, by R. T. 
Earle, Westinghouse Electric & Mfg. Co. 
C. L. Doud, Reading Railroad Co., out¬ 
lined their activities in eleetrifieation in 
Philadelphia, and on some of their main 
trunk lines. Harvey Pierce, Stewart, 
James & Cook Co., who spent consider¬ 
able time in Russia developing the coal 
fields, made a few remarks. Film— 
'Dynamic America,’* presented by E. M. 
Johnson, Westinghouse Electric & Mfg’ 
Co. Meeting held at Pottsville. No¬ 
vember 14. Attendance 73, 

Recent Developments in the Art op 
Communication, by R. B. Parker, 
American Telephone & Telegraph Co. 
Illustrated with slides and an actual 
demonstration of the teletype. Film— 
Transatlantic Radio Telephone Service.” 
Joint meeting with the Student Branch 
at Lehigh University. December 6. 
Attendance 225. 

Los Angeles 

Sound Rays as Extremals, by Pro¬ 
fessor H. Bateman, California Institute 
of Technology. Discussion followed. 
December 15, Attendance 22. 

Louisville 

The Romance of Electric Cooking, 
by K. L. Aleshire, Westinghouse Electric 
& Mfg. Co. Electric ranges, electric 
refrigerators, and other appliances were 
demonstrated. Refreshments served. 
December 15. Attendance 40. 


Madison 

The Application op Automatic Con¬ 
trol TO Motor-Driven Machinery, 
by P. B. Harwood, Cutler-Hammer, 
Ino. Illustrated with slides. Refresh¬ 
ments served, November 19. Atten¬ 
dance 22. 

Memphis 

Lightning and Lightning Arresters, 
by H. T. Montgomery, General Electric 
Co. A motion picture was shown illus¬ 
trating the construction of power trans¬ 
formers at the General Electric Works. 
Decern ber 9. Attendance 35. 

Minnesota 

Amusing Incidents op My Trip to 
Europe, by Milton Firestone, Attorney of 
St. Paul. Dinner preceded the meeting. 
December 17. Attendance 32. 

Niagara Frontier 

Armor-Clad Switchgear, by H. V. 
Nye, Alhs-Chalmers Mfg, Co., illustrated. 
R. L. Melton, The Carborundum Com¬ 
pany, gave a talk on the manufacture of 
abrasives, preceding the showing of the 
four reel film “The Jewels of Industry.” 
An informal dinner in honor of the 
speakers was held at the Hotel Niagara. 

. December 19. Attendance 85. 

Oklahoma City 

Protection op Power Transmission 
Equipment prom Lightning, by Pro¬ 
fessor C. T. Ahnquist, University of Oklsr- 
homa. 

Protection op Telephone Equip¬ 
ment PROM Lightning, by R. L. Jones, 
Southwestern Bell Telephone Co. General 
discussion of both talks followed. Decem¬ 
ber 29. Attendance 59. 

Philadelphia 

Innovations in Reiviote Metering, 
by Alan S, Fitzgerald, Radio-Victor Corp. 
December 8. Attendance 150. 

Problems in the Design op Large 
Turbo Alternators, by S. H, Morten- 
sen, Allis-Chalmers Mfg. Co. Illus¬ 
trated with slides which not only showed 
the steps in the manufacture of the 
various parts, but compared the European 
design with American practise. January 
5. Attendance 105. 

Pittsburgh 

Proper Voltage and Lighting Ser¬ 
vice, by G. S. Merrill, General Electric 
Co.; • 

Artificial Sunlight, by M. Luckiesh, 
General Electric Co. Film—“Dynamic 
America” presented. Joint meeting with 
the Engineers’ Society of Western Penn¬ 
sylvania. December 9. Attendance 282. 
Pittsfi Id 

Telegraphy—A New Art with an 
Old Name, by J. H. BeU, Bell Telephone 
Laboratories, Inc.' Illustrated with slides 
and curves. Dinner preceded the meet¬ 
ing. December 16. Attendance 175, 


Rochester 

Illumination, by Alvin L. Powell, 
General Electric Company. Illustrated 
with colored slides of modern uses of 
lighting. December 11. Attendance 186. 

St. Louis 

Some Recent Research Develop-:^ 
Ments, by E. L. Manning, General 
Electric Co. C. B. Fall, Chairman, spoke 
of the legislation now under consideration 
for the licensing of engineers in Missouri, 
and appointed a eoinmittee to represent 
the interests of the Section. December 
19. Attendance 95. 

San Antonio 

Film and descriptive talk on Fort 
Worth to Cisco Underground Toll 
Cable, by B. O. Timberlake, South-, 
western Bell Telephone Co.; 

Film and descriptive talk on Step by 
Step Machine Switching, by L. R, 
Norton, Southwestern Bell Telephone Co. 
Film—‘‘Voices Across the Seas.” Decem¬ 
ber 15. Attendance 76. 

Schenectady 

Automotive Design, by John J 
Caton, Chrysler Motor Corporation. 
Discussion followed. November 21. At-i 
tendance 200. 

Electricity—Past, Present, and 
Future, by C. M. Ripley, General 
Electric Co. Fihn—“Tipping the Chute 
—a Caron Obelisk.” December 5. At-^ 
tendance 250. 

Seattle 

A Resumj^ op Recent Developments 
IN Predetermination op System Per¬ 
formance, by Dean H. V. Carpenter,* 
State College of Wasliington. Discussion 
followed. December 23.. Attendance 40. 

Sharon 

Split-Second Phenomena in Elec¬ 
trical Engineering, by Dr. Joseph 
Slepian, Westinghouse Electric & Mfg.' 
Co., assisted by Dr, Phillips Thomas of 
the same company. Illustrated wltll 
slides and demolistrations, including a 
25(^kv. lightning generator, insulator 
strings, and auto valve juTester. Film 
showing equipment and operation of the 
Wildwood Mine of the Butler Consoli¬ 
dated Coal Company was supplemented^ 
by a description by Mr. Vance, Chief 
Engineer of that company. January 0. 
Attendance 140. 

Springfield 

The Marvels op Sound Transi 
MISSION, by Sergius P. Grace, Assistant 
Vice-president, Bell Telephone Labora¬ 
tories, Inc. Joint meeting with the Engi¬ 
neering Society of Western Massachusetts 
and the Springfield Chamber of Commerce. 
Dinner in honor of the speaker was given 
at the Colony Club. December 12-13: 
Attendance 9,000. 
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Toledo 

Zig-Zag Tbansformers, by Alois 
Hoefle, Toledo Edison Co., illustrated 
with sketches and diagrams. 

Economic Advantages of Electric 
H!eat for Heat-Treating Processes, 
by Wirt S. Scott, Westinghouse Elec. & 
Mfg. Co., illustrated with lantern slides. 
December 19. Attendance 80. 

Toronto 

Changing Views op the Nature of 
Matter, by Dr. Saul Dushman, General 
Electrio Co. Joint moetiug with the 
Toronto Chemical Association. Decem¬ 
ber 12, Attendance 300. 

Hydrogen Cooling of Electrical 
Machinery, by C. J* Fechheimer, 
Westinghouse Electric & Mfg. Co,, 
illustrated with slides. General discus¬ 
sion followed. January 9. Attendance 
102 . 

Urban 

Hesearch Laboratory in a Large 
Manufacturing Company, by H, D, 
Sanborn, General Electric Co. Illustrated 
with lantern slides showing some of the 
wide variety of subjects xmdertaken in a 
research laboratory. December 19. At¬ 
tendance 75. 

Utah 

Automatic Block Signals, by B, W. 
Molis, Denver & Rio Grande Western 
Railroad Co. Mr, Molis gave a descrip¬ 
tion of the coinmon forms of train control 
and signal arrangements, and had some 
apparatus for demonstration. Informal 
dinner preceded the meeting. December 
8. Attendance 41. 

Vancouver 

Manufacture and Application- oF' 
Vacuum Tubes, by G. W. Sweney, Neon 
Products of Western Canada Ltd. Lan¬ 
tern slides and dhns were dbiown illus¬ 
trating the manufacture, installation, 
and application of neon tubes. November 
17. Attendance 67. 

Photoelectric CBLtfl—^T heir Con¬ 
struction, Selection and Application, 
by Frank Sawford, Consulting Mechani¬ 
cal and -Electrical Engineer. Charts were 
displayed and smoke-density metering 
equipment designed and patented by 
Mr, Sawford was set up for demonstration 
purposes. December 8. Attendance 63, 
An Outline of Modern Automatic 
Telephone Practise, by R. S, Bowland, 
Independent Sales & Engineering ^ Co. 
Illustrated with slides, and a demonstra¬ 
tion, consisting of two telephones with 
their dials, switching equipment, and 
battery, was set up and operated. Janu¬ 
ary 6. AttenfStonce62. 

! T|&S;ELEgTIUFlCATION OF THE PENNSYL¬ 
VANIA Bailboap, by H. C, Griffith, 
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Pennsylvania Railroad Co, Illustrated 
with slides showing various types of 
locomotives, overhead construction, and 
equipment used in construction work. 
Dinner in honor of the speaker preceded 
the meeting. December 9. Attendance 
162. 

Worcester 

The Marvels of Sound Transmis¬ 
sion, by Sergius P. Grace, Assistant 
Vice-president, Bell Telephone Labora¬ 
tories, Inc. Meeting held under the 
auspices of the Worcester Engineering 
Society. December 17-18. Attendance 
3500.* 

Insulated Wires and Cables for 
Power Circuits, by E. W. Davis, 
Simplex Wire & Cable Co. January 7. 
Attendance 35. 

University of Akron 
A History of Telephony, by Harold 
Sohroeder, Branch Secretary. December 
19. Attendance 18. 

Alabama Polytechnic Institute 

Steam Electric Power Plant, by 
L. 0. Swint, Student; 

Levee Construction Along the 
Mississippi River, by Charles Perry, 
Student; 

Dirigible Construction, by E. C. 
Austin, Student. October 2. Atten¬ 
dance 36. 

The Process of Manufacturing One 
Piece Wheel and Axle for Railroad 
Cars, by K. R. Clark, Student; 

Testing Wattmeters, by J. M. ■ 
Johnson, Student. October 9. Atten¬ 
dance 25. 

Redevelopment of Hydroblbctrio 
Plants, by T, N. Pyke, Student; 

Bleotrioitt’s Part in Copper Min¬ 
ing, by G. A. Beavers, Student; 

Experience Working with an 
Engineering Party, by H. L. Beck, 
Student. October 23. Attendance 16. 

Smoker and entertamment. October 
30. Attendance 76. 

Molbing Cast Iron Pipe by t.hb 
Centrifugal Method, by S, E. Garrett, 
Student. November 6. Attendance 16. 

R,. A. Mann, representative of the 
Branch, outlined the activities of the 
District meeting held in Louisville. 
G, A. Beavers gave an account of the 


Eta Kappa Nu meeting held in Ames, 
Iowa. December 4. Attendance 17. 

Election of officers as follows: R, A. 
Mann, Chairman; C. L. Perry, Vice- 
Chairman; L. *B. Crouch, Seoretary- 
Treasmer; K. R. Clark, Reporter. 
December 11. Attendance 12. 

University of Alabama 

Copper-Weld Wire, by W. B. 
McClure, Student; 

Lightning Investigation on 110 Kv. 
Line, by Harold B. Hendnx, Branch 
Secretary. Walter H. Croft, Chairman, 
gave a report of his trip to the District 
meeting held in Louisville. December £. 
Attendance 16. 

University of Arizona 

A Trip Through the East, by A. W. 
Praps,. Student. October 24. Atten¬ 
dance 10. 

Industrial Use of Vacuum Tubes, 
by C. J. Sabin, Student. October 31. 
Attendance 8. 

Television, by H. P. McGovern, 
Student. C. J. Sabin appointed Chair¬ 
man of Electrical Show. November 7. 
Attendance 8. 

A Brief Review op the Develop¬ 
ment OP Power Plants, by Max Pooler, 
Tucson Gas, Electric Light and Power 
Company. Banquet meeting. No"S®em- 
ber 19. Attendance 25. 

Talkies, by J. C. Hall, Student. 

N o vember 21. Attendance 9. 

Business meeting. December 5. At¬ 
tendance 10. 

Circuit Breakers, by W. T. Brinton, 
Student; 

Vacuum Tube Circuit Breaker, by 
Professor J. C. Clark, Counselor. 
December 12. Attendance 10. . 

Thermodynamic Regulator, by ^R.** 
Manzo, Student. December 19. At¬ 
tendance 10. 

University of Arkansas . 

Film—“The Single Radge.” Novem¬ 
ber 19. Attendance 22. 

Grid-Glow Tube and Photoblbctrto 
Cell, by Wylie Head, Branch Secretary. 
Demonstrated. December 3. Atten¬ 
dance 23. 

Armour Institute of Technology 
Smoker. December 10. Attendance 
87. 

Industrial Electric Heating, by 
L. J. Ericsson, General Electric Co. 
Illustrated with motion pictures. De¬ 
cember 16. Attendance 40. 

Polytechnic Institute of Brooklyn 
Substation Maintenance Practise^ 
by Rodney Brabson, Student; 

Electrolysis of Subway Cables 
Telephone Work, by Leon K. Daa^stv 
Student; 
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11 lOH-FjtKQUKf^Cr CaRUENTS AND 

Short Radio Waves as Valuable 
Abjunots to the Medical Sciences, by 
Ivan Block, Siudout. Tliore wore two 
prizes; first won by Ivan Eloek, and 
second by Loon K. DauiuT. Doeomber 
12. A I t (‘ndaiKio Md* 

Carnegie Institute of Technology 

(Commercial Problems that an Elec¬ 
trical ENfilNEElt IS ReOUIUED TO PaCB 
IN 'PJiE Steei, iNDirs'ruY, by William 
Skiiiklo, Uni toil Stales St.cel tJorporatioii, 
and Director of the Society 

of We.st<‘iTi Pennsylvania. Ilhistratod 
with slides. November KL Attendance 

Electrical Fnuineerino in an Elec¬ 
tric J*unLic ThriLiTY, by H. L. Kirk, 
Duqui'sm^ idgbt Co, Doemnber 9. At- 
teiulanci» 85. 

Catholic University of America 

The Fcnj>amental6 op Radio, by 
ProlViHsor T. d. MacKavanagh, Counselor. 
Decmnber lb. A tUmdauco 30. 

University of Cincinnati 

J^jBLic Utiutieb and THE PUBLIC, by 
E. 1>. Gilman, Director, Public Utilities 
of the City of Cincinnati. December 10. 
Ai((Tidance2(). 

9 

Colorado Agricultural College 

The Public Rklationb with Public 
Utilities, by Mr. Jamison, Public 
Servic<5 Go. of Colorado. Deeenibor 8. 
Attendance 1 tb 

University of Denver 

Aviation LicniTiNo, by P. L. Wood- 
Avard, Htudeiit. November 8. Atton- 
^<lance 18. 

Pilm^—“Beyond tlie Microscope.^* Do- 
cembor 12. Attendance 40. 

University of Detroit 

The Phinctpleh op X-Rayh, by C. J. 
Huller, (l«?neral Electric X-Kay Corpora¬ 
tion. November 24. AUeiidaneo 40. 

University of Florida 

A history of the A. 1. E. E, and its 
activities was given by Professor W. S. 
Rodman, University of Virginia, and 
Vico-Presideut District No. 4, A, I, E. E. 
Professor Rodman also gave an addross. 
Some Abpecth op the Sctkntipic Wojik 
OP Thomas Jefferson, through the 
University of Florida radio station, 
WIUTF. December 17. Attendance 63. 

Arc Welding, by P. J. Nelson, Stu¬ 
dent. DiHOiLMsion of Branch affairs. 
Januar>^ 12. Attendance 20. 

University of Iowa 

Films—“The Wizardry of Wireless/’ 
and “Liquid Air.“ Decemlmr 17. At¬ 
tendance 40. 


The Part op Electricity in Open- 
Cut Copper Mining, by Mr. Hammond, 
Student; 

The Oscillograph, by Mr. Jenkins, 
Student. January 7. Attendance 41. 

University of Kansas 

The Design and Testing op Motion 
Picture Screens fob Sound PicnmuE 
Work, by Lester Perry, Student; 

The Applications of Photoelectric 
Cells, by Louis Farbor, Student. A 
three-reel film on transmission cable 
insulation was shown. Docennher 18. 
Attendance 55. 

Lehigh University 

Recent Deyelopmenth in the Art 
OF Communication, by R. D. Porter, 
American Tel. & Tol. Co. Joint meeting 
with the Lehigh Valley Section. De¬ 
cember 5. Attendance 250, 

University of Maine 

Election of olllcers as follows: Monroe 
Ill, Moon, President; S. L. Scheffer, 
Vico-pr(58ident; L, 0. Hponcor, Secroiary; 
H. G. Marshall, Treasurer. Heptembor 
25. Attoiidanee 16. 

Talks by D. B. Henderson and L, 0. 
Spencer, Htudents, on their Hummer 
oxporieneeK. Professor W. E. Barrows, 
Jr., Counselor, outlined the N. E. L. A. 
convention, and described the progross 
and future poHsibilities in the field of 
illumination engineering. October 80. 
Attendance 20. 

Smoker and entertainment. Demon¬ 
strations of high-froquoney phenomena 
and Tesla effects. November 20. At¬ 
tendance 250. 

Railway Elecitufication, by S. L. 
Soheffor, Student. I’rofesHor W. B. 
Barrows, Jr., Counselor, gave a demon¬ 
stration of some new illumination equip¬ 
ment received from the General Electric 
Co. December 11. Attendance 16. 

Marquette University 

Pilm8™“Bla8ting the Water Highways 
of America,“ and “Hydroelectric Power 
Production in the New South.’* Decem¬ 
ber 4. Attendance 22. 

Maasachusetta Institute of Tech¬ 
nology 

The OpponTUNiTiEs for the Gradu¬ 
ate WHO Enters Blectrioal Manupac- 
TuuiNG, by C. E, Eveleth, Vice-President, 
General Electric Co. Dinner preceded 
the meeting. Januaiy 7. Attendance 
300. 

Michigan College of Mining and 
Technology 

Substations and Thbib Uses, by 
B. E. Ghilberg, General Electric Co.; 

TRAKSPOiiMERB, by L E. Devlin; 
General Electric Co. lUuatrated with 
educational films. December 9. Atten¬ 
dance 31. 


University of Michigan 
Materials in thk Magnetic Circuits 
OF Communication Ai>paratus, by Di"* 
Remmers, Woslom Electric Co. Ilhis- 
tratod with slides shewing the cluu’oclor- 
istics, manufactiiriug prociisses, ajid uses 
of many magnetic mattTiaJs. Aif expla¬ 
nation of the various branches of tlio^ 
Bell Bystem was given by J. T. Behael'or, 
Michigan Bell Teleplione Co. R. A. 
Price, Western Electric C^o., made a iow 
remarks. December 17. Attendance ^5. 

School of Engineering of Milwaukee 
The Story op Electrical Inspection, 
by Win. Haig, Head of Electrical In¬ 
spection Department of llie City of 
Milwaukee, assisted by Mr. ( Vickie. D<»- 
cember 3. A1 t en dance 41. 

Mississippi A. 8c M. College 
J, M. LeigJi, Chairman, gave an outlini' 
of the various activities at tJie District. 
Mooting hold in Loiiisvillo. Docombor r>. 
Attendance .31. 

University of Missouri 
Rectox REOTipniiuH, by Mr. Vincill, 
Student. January 7. At1.endanco 23. 

Montana State College 
Vacuum Tudeh, by B. L. Bnoddy, 
Goneral Electric Co. December 4. At¬ 
tendance 126. 

Dkvkloping Power from Bisa Watkh, 
taken from tlio Electrical Worlds presented 
by A. J. Hill, Student; 

SuccEH.sFurj Trolley Bus Operation 
Demands Suitable OvEunioAD, taken 
from Railway Journal^ pro.sontod By 
A. T. Koono, Student; 

The Breathing Battkjiy, taken from 
Radio World, presetted by H. T. Lambdin 
Student; 

Night Football, taken from BhclHcal 
World, iiroHontcd liy It MacDonald, ■ 
Student; 

A New Weather Broadcasting 
Station in Buite, by H<mry Norvobii?, 
Student. December 11, Aj tendance 130. 

University of Nebraska 
Professor F. W. Norris, Counselor, gave? 
an illustrated talk, d<^scribing the action 
of the telephone lypewritor used by tho 
Bell System. Decomher 17, Atiendanco 
14. 

Newark College of Engineering 
Double-Wound Qenbratous, by F. 
W. Oay, Public Service IVoduction Co. 
December 16. Attmidaneo 28. 

ELEduiiOAL Horology, by W. It. 
Aokor, (Chairman, Domonstrated, Janu¬ 
ary 6. Attendance 20. 

University of New Mexico 
The Vacuum Tube, by S, M. Polatow- 
ski, Htuclcmt; 

The Life of O. P. Stkinmktz, by 
R. Harris, Student. December 17. 
Attendanci^ 0. 
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North Carolina State College 

Some Aspects op the Scientific 
WoBK OP Thomas Jefferson, by Pro¬ 
fessor W. S. Rodman, University of 
Virginia, and Vice-president District 
No. 4, A. I. E. E. Banquet in honor of 
new members preceded the meeting, 
^December 10. Attendance 60. 

Film—“Prom Coal to Electricity,’’ 
D. P. Melton, Student, explained the 
proposed exhibits for the Engineers Fair. 
January 6, Attendance 40. 

University of North Carolina 

The Manttfacture op Porcelain 
Insulators, by E. W. Winkler, Instrue- 
tor; 

Pulverized Fuel, by B. R. Davis, 
Student, November 20. Attendance 41. 

Some Aspects op the Scientific 
Work op Thomas Jefferson, by Pro¬ 
fessor W. S. ^dman, University of 
Virginia, and Vice-president District 
No. 4, A. I. E. B. December 11. At¬ 
tendance 80. 

Northeastern University 

Engineering Ethics, by H, C. Hamil¬ 
ton, Edison Electric Illuminating Co. of 
Boston, Refreshments were served. 
December 2. Attendance 49. 

University of Notre Dame 

Structural Arc Welding, by W. M. 
Brady, General Electric Co., illustrated 
with motion pictures and slides. 

The Life op Volta, by P, A. Dar- 
mody, Student; ' , 

.'j 

The Development of the Incandes¬ 
cent Lamp, by J, B, Strebinger, Student. 
Patrick Murray, Student, presented the 
regular engineering news 4ig6St. Decem¬ 
ber 9. Attendance70. ... 

Ohio University 

The Photo-Flash Bulb, by William 
Miller, Student. Film—“liquid Air.” 
December 15. * Attendance 14. 

Oklahoma A. &:M. College 

Two films—“Induction Voltage Regu¬ 
lators,” ^and “The Vacuum Tube Syn¬ 
chronizing Equipment.” December 4. 
Attendance 47. 

Relays, by Paul Poster, Student. 
Illustrated with slides. December 18. 
Attendance 12. 

Oregon State College 

Carrier-Current Telephony, by 
W. R. Deardorflf, Pacifiic Tel. & Tel. Co* 
W. A, Kleist, of the same company, 
supplemented Mr. Deardorff’s talk. De¬ 
cember 9. .Attendance 25. 

Pratt Instltut 

Transmission of Pictures by Wire, 
by Mr. O’Nasch, New York Telephone 
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Co. Illustrated with slides. December 
18. Attendance 180, 

Princeton University 

Magnetic Potentiometers, by R. M. 
Kime, Student; 

The Generation op Steam, by Ernest 
E. George, Student. December 11. 
Attendance 10. 

Purdue University 

The Storage Battery —^A Box Pull 
OF Problems, by R. J. Kryter, Prest-0- 
Lite Storage Battery Co. December 9. 
Attendance 35. 

Rensselaer Polytechnic Institute 

New General Electric Permanent 
Magnet Oscillographs, by Claude 
Hathaway, General Electric Co. Decem¬ 
ber 9. Attendance 130. 

University of South Carolina 

What is Expected op the College 
Graduate, by R. E. Brooks, Student; 

The Development op Arizona, by 
W. T. Thomas, Student. December 8* 
Attendance 40. 

Some Aspects of the Scientific 
Work op Thomas Jefferson, by Profes¬ 
sor W. S. Rodman, University of Virginia, 
and Vice-President District No. 4, 
A. I. E. E. December 16. Attendance 
125. 

Election of ofidcers as follows: L. E. 
Rankm, Chairman; C. H. Bryan, Vice- 
chairman; W. Dickerson, Secretary- 
Treasurer. January 6. Attendance 14. 

South Dakota School of Mines 

Annual Frolic with entertainment and 
hmoheon. December 16. Attendance 
116, 

University of Southern California 

High-Tension Line Construction, 
by Clayton M. Aden, Bureau of Bower 
& Light. December 10. Attendance 29. 

Southern Methodist University 

Ultra Short-Wave Transmission, 
by J. D. Tucker, Student. December 9. 
Attendance 21. 

Stanford University 

Address by Dean Dexter S. Eimball of 
Cornell University. Joint meeting with 
the A. S. M. E. Branch. December 9. 
Attendance 50. 

Stevens Institute of Technology 

Election of officers as follows: George 
J. Costello, Ohadrman; Edmund Starzec, 
Secretary. General discussion of Branch 
activities. December 11. Attendance 9. 

Film—:“The Single Ridge,” Decem¬ 
ber 19. Attendance 17. 

The Iiifb op Michael Faraday, by 


Paul H. Beier, Student, January 8. 
Attendance 30. 

Swarthmore Qollege 

Discussion of plans for the coming 
A. I. E. E. Student Convention to be held 
at Swarthmore College. January 7- 
Attendance 11. 

Syracuse University 

The Radio Beacon, by Alek Paterson, 
Student; 

Carrier Current in Telephony, by 
Chester Grant, Student. December 12. 
Attendance 25. 

The Photoelectric Cell, by Oliver 
Bigsby, Student; 

Television, by Stewart Darrow, Stu¬ 
dent. December 19. Attendance 26. 

Sperry Gyroscopic Stabilizers, by 
Stanley Scerbinski, Student; 

Non-Resonating Transformers, by 
George Cowell, Student. January 9. 
Attendance. 25. 

Texas A. & M. College 

Electric Refrigeration, by George 
Cushman, Student; 

Gas Refrigeration, by R. L, Allen, 
Student. November 24. Attendance 50. 

Film —* * Oil Circuit Breakers. ’ ’ Decem¬ 
ber 8. Attendance 50. 

University of Texas 

General discussion and plans made for 
a banquet meeting. September 23. 
Attendance 20. 

Why I Became a Member op the 
A. I. E. E., by C. A. Glover, Student. 
Dinner preceded the meeting, Septem¬ 
ber 29. Attendance 80. 

Short talks by Professor J. A. Correll, 
Counselor, and Lyle Burnham, Student. 
October 15. Attendance 41, 

History op Hydro.ei.ectric Develop¬ 
ment at Austin, Texas, by T. E. Cole, 
Student. December 11. Attendance 17. 

University of Vermont 

Properties of Perminvar and Perm¬ 
alloy, by Professor R. 0. Buchanan. 
Illustrated. December 16, Attendance 
24. 

University of Washington 

The Applications of the Photo¬ 
electric Cell, by J. Maokay, Student. 
December 4. Attendance 20, 

The Rook Island Development, by 
Mr. DeMuth, Stone & Webster Engg. 
Corp. November 20. Attendance 74. 

Washington University 

Economic Aspects op the Genera¬ 
tion of Power, by Professor Roy S. 
Glasgow. December 11. Attendiihce 21. 
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tngrmeerin^ Literc^fiire 


New Books 

In the Societies Library 

A MONG the new books received at 

the Engineering Societies Library, 
New York, during December are the 
following which have been selected 
because of their possible interest to the 
electrical engineer. Unless otherwise 
specified, books listed have been pre- 
s^ted gratis by the publishers. The 
Institute assumes no responsibility for 
statements made in the following outlines, 
information for which is taken from the 
preface or text of the book in question. 

Sound Waves and Thisiu Uses. By 
Alexander W^ood. Lond. & Glasgow, 
Blackie & Son, 1930. 162 pp., illus., 

diagrs., tables, 9x6 in., cloth. 7/6.- 

These sk lectures delivered at the Royal 
Institution give a remarkably readable, 
well illustrated account of modern 
development in acoustics. Methods of 
signaling in air and water, noises, the 
analysis of sounds, the ear, and the 
recording and reproduction of sound are 
discussed. The book is suited to tlie 
general reader without previous training, 
but references are included for those who 
wish* further information. 

Acoustics; a Text on Theory and 
Applications. By G eorge Walter Stewart 
and Robert Bruce Lindsay. N. Y., 
D. Van Nostrand Co., 1930. 358 pp., 

diagrs., tables, 9x6 in., cloth. $5.00.- 

The increasing use of acoustical apparatus 
has created a need for better understand¬ 
ing of the theory of acoustics. The 
present book aims to meet the need by 
providing a clear exposition of the theory, 
in which modern applications are kept to 
the fore. The book is intended to provide 
..the equipment necessary for attaeldng 
mathematically the problems that con¬ 
front the designer of telephone equipment, 
the architect and other investigators. 

A Century oe Wood Preservinq. 
Edited by Sir* Harold Boulton. London, 
Philip Allan & Co., 1930. 150 pp.. 

plates, 9 X 6 in., cloth. 8/6.-A 

collection of papers upon wood preserva¬ 
tion, especially by creosoting, which 
form an account of the development of 
the art during the hundred years that 
have passed since John Bethell became 
interested in the subject. Bethell’s patent 
is given in an appendix, and there is a long 
list of references on wood preservation. 

Diesel Power Plant Handbook 
(formerly the Oil Engine Power Plant 
Handbook). 6th edition. By Julius 
Kuttner. N. Y., Diesel Power, 1930. 
280 pp., illus., 11 X 8 in., fabrikoid, $5.00. 

-^he text of this edition consists of a 

practical course on the operation and 
maintenance of Diesel engines, which 
should meet the ordinary requirements of 
the engine room. In addition the book 
contains condensed descriptions of the 
Diesel engine manufacturers of the 
United States. 

Electric Circuit Analysis. By 
Michel G. Malti. N. Y., John Wiley 

Febmary*1931 


& Sons, 1930. 389 pp., diagrs., tables, 

9 X 6 m., cloth. ^.50.-In this book 

the author first discusses complex num¬ 
bers, vectors and the theory of sine 
functions. The electric units and their 
dimensions are then studied, after which 
the char^teristics of an electric circuit 
are explained. The steady and transient 
phenomena in an electric circuit are then 
discussed at length. ^ The book represents 
■^e course in circuit analysis given at 
Cornell University. 

Electrical Power Transmission and 
Interconnection. By C. Dannatt and 
J. W. Dalgliesh. N. Y., Isaac Pitman & 
Sons, 1930. 424 pp., diagrs., tables, 
9 X 6 m., cloth. $7.50.—^The bulk 
transmission of electrical energy has 
become a major engineering problem, 
presenting new and wide issues, upon 
which much scattered literature exists. 
To obviate the laborious search for this, 
the authors have attempted to provide a 
complete introduction to the electrical 
aspects of power transmission and inter- 
connoction. Overhead and underground 
lines, corona, network theory, line calcula¬ 
tions, power and stability, interference, 
neutrals, and transient voltage phenom¬ 
ena are among the topics treated. 

Electricity and Maqnetism. By 
Chai’les A. Culver. N. Y., Macmillan 
Co.,^ 1930. 383 pp., illus., diagrs., tables, 

9x6 in., cloth. $3.26.-Intended to 

gdve students of the liberal arts a reason¬ 
ably thorough^ understanding of the 
fundamental principles of electricity and 
magnetism and of their commercial 
applications. 

Plights from Chaos. By Harlow 
^j^apley. N. Y., Whittlesey House; 
McGraw-Hill Book Co., 1930. 168 pp., 

9x6 in., cloth, $2.50,-^Dr. Shapley 

here presents his conception of order in 
the apparent chaos of the universe, and 
develops a general, complete classification 
of all material systems, from electrons to 
the galaxy of galaxies, into a series of 
classes of ever increasing size and mass. 
The book is based upon a series of 
leetxires and is addressed to the lay reader. 

Hydraulics for Engineers and 
Engineering Students. By Frederick 
Charles Lea. 6th edition. N. Y., Long¬ 
mans, Green & Co., 1930. 775 pp., 

illus., diagrs., tables, 9x7 in., fabrikoid. 

$7.60.-^The new edition of this well- 

known text-book apparently has been 
entirely reset, and in the process the 
accumulated appendices have been incor¬ 
porated in the text. A considerable 
amount of material upon recent researches 
and developments and a chapter on 
dsmamic similarity have been added. 

The ^ book ofifers a clear, practical 
exposition of the fundamentals of hy¬ 
draulics, with illustrations of their appli¬ 
cations ^ to water wheels, pumps and 
hydraulic machines, and to the measure¬ 
ment of the flow of water. 

Manuals Pratico di Telbgrafia 
Sottomarina. By Italo de Quili. 
Milanoi Ulrico Hoepli, 1931. 384 pp., 
illus., diagrs., tables, 6x4 in., cloth, 
30 lire.—“A textbook on submarine 
cable practise for students and operators. 
The construction of lines and apparatus 


is described in detail. Theory is reduced 
to the minimum. 

Patent Rights for Scientific 
Discoveries, By C. J. Hamson. 
Indianapolis, Bobbs-Merriil Co., 1930. 

286 pp., 9x6 in., fabrikoid. $5.00.- 

This monograph, which received the 
Charles C. Linthicum Foundation prize 
in 1929, discusses the important new 
legal idea of ^‘scientific property.*' The 
author reviews the historical development 
of the idea and past attempts to protect 
the rights of discoverers of scientific facts, 
and discusses the problems that arise in 
formulating a law to protect discoverers. 
The draft of a proposed statute is given 
and the objections to it discussed. 

Starkstromtbchnik, vol. 2. Edited 
by E. V. Rziha and J. Seidener. 7th 
edition. Berlin, Wilhelm Ernst & Sohn, 
1931. 1034 pp., illus., diagrs., tables, 

7x5 in., cloth. 37.-r. m.-Corresponds 

in form and character to American 
“handbooks** of electrical engineering. 
The present (second) volume covers the 
production and transmission of electric 
energy, and it.s use in mining and agri- 
cultine, for Jioisting and rolhug metals 
and in factories. The new edition has 
been thoroughly revised by a number of 
specialists. 

A Study op the Induction Motor. 
By F. T. Chapman. N. Y., John Wiley 
& Sons, 1930. 289 pp., illus,, diagrs., 

9x6 in., cloth. $5.50.-Dr. Chapman 

develops the theory of the induction motor 
and discusses the characteristics of the 
various types, using only simple algebra 
and geometry in his argument. 

Thborib der WechselstrOme. By 
Alfred Fraenekel. 3rd edition. Berlin, 
Julius Springer, 1930. 260 pp., iUus., 

diagrs., 10 X 7 in., bound. 21,50 r.m.- 

A concise text-book for students of elec¬ 
trical engineering, intended to present the 
knowledge of alternating-current theory 
needed by the practical engineer, and to 
train him in the graphic and analytic 
methods used to investigate the phenom¬ 
ena of a-o. circuits. 

Artificial Sunlight; combining 
radiation for health with light for vision. 
By M. Luckiesh. N. Y., D. Van Nostrand 


Engineering Societies Library 
29 West 39th Street. New york, N. Y. 

lyfAINTAlNED as a public i^uforonce 

^ library of englneenng jind the allied 
sciences, this librai*y is a cot)perative 
activity of tho national sociol ies t>f civil, 
electrical, mechanical, and mining engi¬ 
neers. 

Re8o;nx:es of tho library are available 
also to those xinable to visit it in pers()n. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, eiib- 
jectonly to charges siiflftclont to cover the 
cost of the worJc required. 

* A collection of modern toclmlcal books 
is available to any member I'osldlng in 
North America at a rental rate of five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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Co., psO. 264 pp., illus., diagrs., tables, 
9x6 in., cloth. $3.75. Dr, Luokiesh 
discusses the need for artificial sunlight, 
our methods of producing and controlhng 
it, and the fields in which it may be 
aimlied. Much physical and biological 
information is given upon radiant energy, 
the advantages of the ^‘sunlight lamp** 
are explained and compared with those of 
other sOurces of ultraviolet rays, Rraoti- 
'Ksal methods of dual-purpose lighting are 
discussed. 

Brown*8 Directory op American 
Gas Companies and Gas Enginebrinq 
AND Appliance Catalogue. 1930. 
N. Y., Robbins Publishing Co., 1930. 
284*^9 pp., illus., 12x9 in., cloth. 

$15.00.- As in previous editions, we 

find here the gas statistics of the com¬ 
panies supplying manufactured and 
natu^ gas m North America and of the 
holding and operating companies in the 
continent. The menmers of public ser¬ 
vice commissions are also list^, and the 
officers and members of gas associations. 
In addition the volume contains con¬ 
densed catalogs of manufacturers of gas 
equipment and supplies. The statistics 
are revised to date and include those 
ordinarily wanted. 


LEAD SHEATHING. Plow Oharacteris- 
tiC8 Of Some lltead Gable Sheath at Tempera^ 
^ee AlMve Atmospheric, O. L. Clark and 

i O. J^P^e^ye. Fuels and Steam Power 
A. S, M, £. TransJ)i vol. 62, no. 27, Sept.- 
)ec. 1930. pp. :W9-264. 16 figs. Paper pre¬ 
viously ^dexed from Advance Paper, no. 1, 
for mtg. June 9-12,1930. 

f Three-Conductor, 

Oil-WUed Cable.Jffi. P. Nuezel. Elet. World, 


Selected Items From 

Engineering Index Service 

QELECTED references to current 
electrical engineering articles from 
Engineering Index S6rvice*s review of 
some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents x>cr page or 
make translations of foreign articles at 
cost. 


AiyPERNATING^ CURRENT. Supply of 
Bloetrlc Arcs with Alternating Current (Con¬ 
siderations gSndrales sur ralimentotion des arcs 
a oour^t alternatig. A. de Stavraky. Rtpue 
d EleetnciU et de Meeanique (Parish no. 13, 
Sept.-0^198p, np. 10-11, 3 figs. Equipment 
derived from P. R ucheroVs andJ* Berthenod's 
8Ufi»Mtl<^ is reviewed; remedies for instability 
and for improvement of power factor are sug¬ 
gested; the theoretical study of these apparatus 
are given in same nmnber or journal. 

Brakes 

w ^^5^ Methods of Approach for 

Bxpla^tDn and for Improving Ke^ts in 
Bral^ of Street Railroad Cars (Neue Wege 
2 ur Elattrung der Yorgaenge und zur Yerbes- 
der Ergebnisse bti der Bremsung 
ypiTstwi^nbahnwagen). K, Botiim. Verkehr- 
no. 47. Nov. 21. 1930, pp. 
626^0, 18 Present electric braldng 

eqmpment of Nuemberg-Pnerth line and results 
obtamed; relation between TnojriTmim 2 ^^ aver¬ 
age brakum retardartion; influence of slipping and 
sanding, c&ematographic-osdllograpbic method 
of research; improved braldng resulm. 

Cables 

ALUMINUM. Aliimin-^Tm Jq ArmouTOd 
Mectrio Cables (L*aliuniniuia Ammi les cables 
^eetriques armes). RadioBlecUkitB ei QST 
Prunc^ (Pcrw), voL 11, no. 81, Dec. 1980, 
^ ^ A?’ Gomnoflltion, conductor 
material, huralalion resist^ce, disruptive 
strength: ezoesslve voltages and currents, lay- 
quaUties; comparison between copper and 
aiiunmum conductcnrs from econonicaf stand¬ 


point, armoiiogi 


stga romard in oil-fiUed cable field with recent 
friOTitilation at its Columbia station: cable is 
nm installation of 76-kv. three-conductor, 
shielded conductor tsrpe. oil-filled cable in this 
country; many features in desto of cable and 
Iteaoc^ry^equipment are entirely new and 
original developments of General Electric Oo. 
to meet particular requirements of 

SPLICING CORiroUNDS. Tentative 
Methods of Testing Cable Splicing and Pothead 
Compounds. Am. Soc. Testing Metals. — Tenta^ 
{^S^Slondards, 1930, pp, 66^570, 2 figs, 
Metho^ cover: i^ydcal tests; dielectric 
strength test and ooemcient of exi^ansion. 

TELEPHONE. SUBMARINE. Two-Band 
Oommumcation from Helgoland to Cuxhaven 
wd Hambut« (Zwribandsprechen von Helgo- 
Ou^ven, und Hamburg). W. 
Welmtec^e. Telegraphen und Fernsprech Tech- 
vol. 19. no. 10. Oct. 1930, pp. 
310-312, 6 figs Use of 80 km. telephone tele- 
cable which had become overloaded with 
tiamc is now used for two band carrier current 
telegiony which has brought solution and 
satisfactory results; measurements; curves. 

Canals 

UBCTRIC EQUirMENT. The Electrical 
Svs^ of the Welland SWp Canal. A. L. 
Mudge, L. P. Rimdle and F. A. Pankhurst. 
Elec. News (Toronto), vol. 39. no. 22, Nov. 16, 
1980, pp. 49-86, 68 figs. Description of power 
house, step-up transformer station, trans iiis- 
sion line, substations. lock distribution ssrstem, 
motors and control equipment, lock operation, 
aign^s, bridges, ligh^g, heating, tdephones. 
stanaaroization, foreign cable crossings and 
gate lifter. 

Car Lighting 

]^ectric Train Lighting on Secondary Rall- 
roads (l*^|drage electrique des trains de 
^eimns de fer secondaries), Ylncent. VIndus¬ 
trie des Votes FerrBes et des Transports Automo¬ 
biles (Pans), vol. 24, no. 280, Oct. 1930. pp. 
27^282, 6 figs. Review of relative m^ts of 
various equipment and makes with particular 
r^ard to systems using battery and generator 
driven from axle. Including Systeme E. Y. R., 
Systeme Brown-Bo veri. 

Ceramic Kilns 

ELECTRIC* Electric Heat for Ceramic 
Kilns, J. T, Jans. Ceramic Aqe, vol. 16, no. 
6. Dec. 1930, pp. 326-327 and 330, 1 fig. Char¬ 
acteristics of nigdi and low temperature Idins. 
Paptt presented before New Jersey Olay 
Workers Assn., Oct. 1980. 

Circuit Breakers 

OIL. Oil Circuit Brealcer Design. ^Elec. 
Times (Lonrf.), vol. 78. no. 2039, Nov. 20, 1930, 
pp. 886-887.5 Am. Phenomena of arc rupturing 
with special reference to the R type oU circuit 
breaker of Ferguson, Pailin, Ltd. 

SPEED CHARACTERISTICS* Oircuit- 
BreiUcer Duty i^ected by Speed, O. L. Denault. 
Elec. World, vol. 9^no, 20. Nov. 16, 1930. pp. 
913-916, 5 figs. cinniit is opeuM by 

breaker voltage recovers; drcidt characteristics 
determine rate of voltage recovery; d^ayed 
recovery promotes deionization, less arc length, 
time and energy. 

Clocks 

ELECTRIC* Clocks and Apparatus with 
Synchronous Motor. A. Rablnowltsch. AEG 
(Bcr«n),.vol. 6. no. 12, Dec, 1930, pp. 
37^78, 12 figs. Advantages of riectric docks 
and other control apparatus equipp^ with 
ssmchronous motors. 

Coal Mines 

ELECTRIC DRIVE* Electric Drives for 
Mahi Shaft Ventilators (Die elektiischen 
Antfieb fuer Btauptschaohtluefter), K. Schade. 
Elektriziiaei im Bergbau (Munich), vol. 6, no. 
11, Nov. 15, 1930, pp. 205-216, 26 figs. Deter¬ 
mination of required power and details of drive; 
regulatable drives; wiring diagrtuns of various 
combinations and OTstems; equipment described 
and illustrated. (To be continued.) 


ELEGTIUC EOUIPMENT* Power Con- 
somptiom Output, and Economy of Electric 
Haulafe Equipment and Coal Cutters in Under¬ 
ground Com Mining (Bnergl y rbitiuch, Lels- 
tnng und Wirtschlutlichk it der lektiisclien 
Abbaufoerdereinrichtungen und Scbraemmas- 
diinen im untertaegigen Stelnkohlenbergbau), 
E. Meyep. Blekiri^zitaet im Bergbau (Munich). 
yol. 5. no. 10, Oct. 10, 1930. pp. 18(S-203. 
16 uf^. Results of measurements on equipment 
of vunous types are summarized in curves 
and tables. 

Commutators 

High Speed Commutators. B. Bonnell. Eiec. 


ring construction. 

Condenses 

^^POWBR FACTOR IMPROVEMENT. RIee- 
OTC Power Oondensators for Reactive Current 
Oompensation and th^ Economy in Industrial 
Installations (Starkstrom-Kondensatoron zur 
BUndstrpn^Eompensation und ihr Wirtsetu^t- 
Uchkeit in Industrieanlagen). H. Cypra. Ete/r* 
mziiaet im Bergbau (Munich), vol. 5, no. 11, 
Nov. 16. 1930, pp. 216-219, 6 figs. Condensers 
Me recently favored over rotating oquipmoiit 
becai^ of low Internal losses and rimple and 
safe installations: features ar described and 
equipment of AEG illustrated; internal loss 
curves are given in accordance with reactive 
load. 

Conductors 

Propagation of Electricity Through Con¬ 
ducting wire (Propagation de re!ectricit6 dans 
unfilcpnducteur). J. Grander. RadhgleeiricUb 

at /I VT* r H ..... On 


analysis in which all line chamcteiistics are 
considered, discussing also various practical 
cases M for instance, series ecniatlon showing 
potential distribution along line, application 
to submarine and underground cables, etc. 

RESISTANCE. Ohmic Resistance of Cop- 
PM Conductors at High Ri^quency (Rteistonce 
ot^que des cpndnoteurs en cuivro on hatite 
frequence). M. Mathleu. Arts el Mttiers 
(Porw), vol. 83, no. 122, Nov. 19.30, p. 460, 1 
fig. Curve gives values of constants for con- 
^ a-t froquoncies from 

10 to 300,000 kilocycles. 

strength* Stretch of Wire Cables 
g)le Dehnungsarbeit am .SeUon), J. Groebl. 
hlektrpiechnisehe Zeit. (Berlin), vol, 61, no. 49, 
Doc. 4, 1930. pp. 1669-1673, 6 figs. Investiga¬ 
tion mainly rerors to wire cables used in electric 
tnuiainlsfflon lines; notes on torsion as factor 
of stratch; number of torsions as function of 
tensile strength; equation of torsloq curve in 
oyer proportional range; calculation of torsional 
stretch; normal stretch equation; calculation of 
Active elasticity modulus. (To be concluded.) 

Conductivity 

of ,Supracon- 


1930. pp. 218-220. Report on works of W. J. 
de Haas, E. van Aubel and T. Voogd; investi¬ 
gation to determine change In conductive 
cl^acteristics of combination of supraconductor 
with nou-supracondiictor to alloy; reference is 
made to experiments in Leiden and Toronto. 

Cranes 

ELECTRIC* Improved Electrical Crane 
Emjlpment, B. %enyl. AEG Progress (Berlin), 
yd. 6. no. 12. Dec. 1930, pp. 372-373, 3 figs! 
Improye^nte described are ‘^telegraphing’* sys¬ 
tem of switching (tap control) and two-speed 
crane motor. 

Dielectrics 

j^BCTlUC CONDUCTIVITY. The Oon- 
duetton of Electrtdty to UauW Dielectrics, 
p. H. BlMk ai^. B. fi. Ntebet. Land., Ediiu 
burghf and Dublin Philosohpical Mag. and JL 
of Science (Lond.), vol. 10, no. 66, Nov. 1930. 
pp. 842-861, 11 figs. Porability of aDDlylnsr 


pp. 842-861, 11 figs. Po^bility of applying 
theory of co^uction in gases to conduction in 
liquid dielectrics is investigated; gas theory is 
co^dered as leading to distribution of internal 
reaistaiices, and is wown to be special case of 
gene^ theory,advance in previous paper which 
attributed fhU of current usually known as 
‘‘absorption*’ to formation of internal resis¬ 
tances. Bibliography. 
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Diesel-Electric Plants 

COSTS. Economics of the Use of Diesel 
Engines for Electnc Power Generation, T. A. 
Burdick. Oil and Gas Power (A. S. M, E, 
Trffns.) vol 52. no 2r, Sopt.-Dec. 1930, pp. 

”, ngs. Abstract of paner oresenteil 
b^ore Soc. Mech. Engrs., previonsly 

Indexed from Power, Sept. 16, 1930. ^ 

Dl^ION. Further R finement Oharacter- 
Power, Plant Eng., vol. 34, 

no. 24. Dec. 15, 1930, pp. 3425-1428, 3 flga. 
Kennemont of engme construction, increase in 
auxiliary equipment, and improved 
plant m^agement Increase reliability of Diesel 
Dlesel-pIant da^ covering five central 
in^iclpal plants, and five industrial 
applications; DieseUen^e data. 

Electron-Theory 

METAM. Some Recent Advances in the 
Electron Theory of Metals. R. H. Fowler. 
% ^ {/^onrf.j, vol. 68, no. 

^^ Nature of 
metal and classical theory; quantum mechanical 
revision; new conduction theory; thermo- 
eiectrlc effects; emission of electrons; magnetism 
and ferromagnetism; Kapltza's experiments on 
conductivity in strong magnetlcflelda. 

Education 

ENGINEEIUN G. Summary of the Study of 
Technical Institutes, W. F. Wtekonden. Momi, 
Trfws,), vol. .52, no. 20. Sept.- 
Dec. 1930, pp. 03-69 and (discussion) 09-72. 
Previously iriclexod in Engineering Index 1929, 
p. 756, from‘Am. Soc. Mech, Kugrs.—Advance 
Paper, for mtg. Dec. 2-9,1929. 

Broadening Effects of Engineering Education 
Demonstrated by Statistics. D. B. Prentice 
5?’ 1030, pp. 

1102-1103. Carnegie Foundation for Advance¬ 
ment of Toadiing Is making Elaborate study of 
secondary and collegiate education in 3?oiin‘syl- 
ya^; inipomnt part is comprehensive exami¬ 
nation in all fields of knowledge to measure con¬ 
tent of studeirts niinds; in spite of fact that 
more than half college course for engineers was 
devoted to professional subjects and many more 
hours to fundamental .sciences, seulor.s possessed 
breadth of Imowledgo sufllcient to score much 
higher in fields not their own than arts men. 


Electric Circuits 


pithhn Philosophical Mag. and Ji, of Science 
(EondX vol 10. no. 66. Nov. 1930, pp. 905-914. 
Negled of theory in England is pointed out; 
theoretical mathematical analysis. Bibliography. 

A Protection and Motoring 

for Throe-Wire Circuits. J. Auchlncloss. Power 
Plant hng., vol, 34. no. 23, Doc. 1. 1930. pp. 
•1363-1300, 13 figs. Methods of locating faults 
In various cucults; two-phaso five-wire with 
TOmmon prot ction; metering three-phase, 
three-wire and two-phase, four-wire power on 
one three element meter. (Concluded.) 


Electric Dijscharge 


NEON. Dtecharges In Neon. P. Johnson. 
Zionn., Edinburgh, and Dublin Philosophical 
of Science (Ijond,), vol. 10, no. 66, 
Nov. mo. pp. 921-031, 4 flgs. PoUowlng on 
researches which have been made at Electrical 
Laboratory, Qjrford, on electric forces required 
to maintain high-frequency discharges in certain 
gases, author has undei^taken measurement of 
these forcas in neon. 

p ^ Note on the Fracture 

of Discharge-Tubes, R. H. aioane. Land!; 
Edinburgh, and Dublin Philosophical Mag. and 
tto- 07. Dec. 1930, 
SKi 1099-1102, 1 fig. While investigating con- 
mtions of excitation near cathode of glow dis¬ 
charge in argon, inconvenience was experienced 
from frequent spontaneous failure of tubes, 
where discharges of only 2 milliamperes at 400 
volts wire passed; apparently it is duo partly 
to UM of argon, which, as Is well known, gives 
iioavy cathodic sputtering, but mainly 
to met that design of tubes Involved contact of 
cathode with walls. 

Electric Furnaces 

Electric Melting and Heating of Metals. 
W. S. Gifford, Metal Indusiry (Land,), vol. 

481-484. 4 figs. 

Review of development and use of principal 
types of furnace®; Ajax Wyatt furnaces; arc 
rupees; Induction furnaces; high-frequency 
mduction furnaces; refractory finings; rosistanc 
furnaces; factors controlling efSciency and 
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operation with various metals. Paper read 
before mtg. of Manchester Assn, Engrs, 

Annealing Furnaces in the 
?spec^Uy Mod rn Electric 
Furna^ (Gluehoefen; besonders die neueren 
^ektrlschen. In der Metallindustrle). B. Schulz. 
Brermsiof^ und Wacrmewirlschaft (Halle), vol. 

1Q30. pp. 217-218, 2 
flgs. Electric annealing and heat-treating 
furaaces; equipment for heat-treating metm 
tubes and annealing of hoops, sheets, and wires. 

AUoy Steel Melting 
^ tlw Induction Fmnace, O. Doerrenberg ana 
^^lollurgist (Sapp, io Engineer, 
1930, pp. 166-167. Installation 
bufit at Ruenderoth has been in continuous day 

writing has been 
responsible for more than 1200 melts; furnace 
is energized by means of special generator 
pa^^tainlng 1200 volts at frequency 
of 2000 eyeflos per sec.; tapered form of crucible 
in spite of deliberate sacrifice 
of electrical energy implied by its use. Trans- 


3 figs. Special characteristics, wiring diagrams 
of supply transformers with three regulating 
taps, one for continuous regulation. (To be 
continued.) 


Electric Heating 


Which 

do 

You 
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J^AST month we pre¬ 
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to current engineering 
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this month we present 115 
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poses best? ^ PROMPT 
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appreciated and will help 
% 
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of paper previously indexed from 
Stahl imd Bisen, May 8,1930. 

INDUCTION. Electrical Apparatus for the 
Ooreless Induction Furnace. N. R. Stansel. 

and Steel Engr., vol. 7, no. 11, Nov. 1980, 
pp. 519-624,15 figs. 

Furnaces and accessories of 60 kw. and over 
are described in some dotaU; efficiency and 
temperature resistivity curves are given. 

STEEL MAKING* Hifl^-Frequency Fur¬ 
nace Produces Pure BteelTR. Hohage and B. 
Mat^hka. Steel, vol. 87, no. 24, Dec. 11, 
of furnace used by 
Schoeller-Bleckmann Steel Works, Yienna, 
Austoto, has melting crucible made of add 
refractory with coil wound around it; direction 
of current in coil is changed 3000 times per sec.: 
current Is generated in separate high-frequency 
converter. 

4 .-#*^ %ANSPORMBRlS. Transformers for Elec- 
transformateurs pour fours 
ffiectrlquesL GK Marty,,, JL du Pour Electriqae 
(Pans), vol. 39. no. 10, Oct. 1930, pp. 378-380, 


Tentative Methods of 
Ghe^cal Analysis of Metallic Materials for 
Electrical Heating. Am, Soc, Testing Mails,--- 
ren/flt/ii?e Standards, 1930, pp. 133-161, 2 figs. 
Outline of method covers; solutions required^ 
determination of chromium, determination of 
manganese, determination of carbon, determina- 
tion of insoluble residue, determination of silicon, 
determination of sulphur, determination of 
copper. 

Electric Lines 

ICE FORMATION. CuiTents Required to 
Remove Conductor “Sleet.” J. B. 01 m. Elec, 

6. 1930. pp. 1063- 
1066, 3 ngs. Formula and alignment charts for 
calculating of preventing formation of Ice; 
amperes required to prevent ice formation; 
current and temperature required to prevent 
sleet adnerence; current and time required to 
melt ice; amperes required to melt off glaze. 

Floodlighting 

_ Short to the Solution of MoodUghtlng 
Problems, H. E. Butlei'. Gen. Elec, Pev., vol! 
33, no. 12, Dec. 1930, pp, 690-698, numer us 
flgs. partly on supp. plate. Comments upon 
scope and tend of modem floodlighting; c&ta 
for computation of floocllightlog uistalJations; 
sample problems; typical Installations; summary 
of requirements; chart of floodUghting data and 
characteristics; partial list of athletic fields 
lighted with General Electric equipment. 

Generators 

alternating current. Flywheel 

TypQ Alternators in the Tropics. J. Piukelstein. 

A (Bfir/in), vol. 6. no, 12, Dec. 1930, 

l^eacription of AEG 860 kva., 
6600 volt alternator for Dutch East Indies 
power station, Magelang, Java to work with 
airless injection 975 hp., 214 r. p. m., O-cylinder 
Mtroko cycle Diesel engine made by Messrs. 
Gebr. Sulzer, Winterthur. 

Hydroelectric 

ttJEP'?.®* DEVEtOPMENTS. Hydroelectric 
utlUzatlons in Irrigation Projects (Los Apro- 
vecmamlentos Hldroeleclirlcos en los Proyectos 
de Irrigaoion), J. Herrero y Lasso. Irrigacion 
(Mexico, D. F.), vol. 1, no. 1, May 
1930, pp. 22-26, 2 figs. How power develop- 
ment affects financing of irrigation systems; 
factors in study of probable power markets. 

Illuminating Engineering 

terminology. Revision of the Ameri¬ 
can Standard Illuminating Engineering Nomen¬ 
clature and Photometric SUndards. Ilium, 
vol. 26, no. 8, Oct. 1930, 
pp. 726-741. Activities and duties of Society’s 
Gomnuttoe on Nomenclature and standards; 
stand^d nomenclature, as revised to present 
time, is given. 

Industrial Plants 

ELECTRld POWER. Economical Control 
of Purchased Blecti-lcal Power In the Industrial 
Plant, H. P. Gale. Iron and Sled Engr., vol. 7. 

'.PPi 536-537.5 flgs. Methods 
Of obtaining high load factors by proper coordi¬ 
nation of purclmsed and manufactured pow r 
used by Midvale Oo.. Philadelphia; day load 
peak 7600 kw. is approximately 3600 kw. 
greater than night load peak 4000 kw. 

Insulating Materials 

__ ^APER. Tentative Methods of Testing 
Entreaty Insiilatog Paper. Am. Soc, Testing 
Standards, 1930, pp. 671-689, 

7 figs. Methods apply to untreated paper which 
is '^^*b6 used as electrical insulator or as constit¬ 
uent of composite material used for electrical 
insulating purposes. 

X®®!® Applications of Papers 
ifl Electrical Industry (Proprletfis, easais et 
appfications des l^plors en filectrotechnique), 

Ap s Cnimie et Industrie (Peuis), 

Mar. 1930, (special no.) pp. 446-461, Propor- 
®45^ rs are briefly outlined, 
various tests to which they are 

Tentative Methods of Test for 
D^rminlim the Insulating Qualities of Slate. 
Am, Soc, Testing Math.—^tentatm Standards, 


159 




1930, pp. 524-526. Method A covers deter¬ 
mination of impedance leakage current flowing 
in hlgh-voltag winding of transformer by 
means of ammeter in low voltage winding; 
method B covers determination of impedance 
leakag current flowing in high-voltage winding 
of transformer or speciflc ohmic Impedance of 
slate by reading two voltmeters in low-voltage 
circuit. 

TESTING. Tentative Methods of Testing 
Laminated Sheet Insulating Materials. Am. 
7oc. Testing Mails.—Tentative Standards, 1930, 
»p. 600-597, 1 fig. Tests apply to laminated 
lat sheet materials intended for use as electrical 
insulation. 

Insulators 

OIL-RESIN. Study of Electric Behavior of 
Oil-Besln Compounds with Special Begard to 
Bange of Belatively Low Temperatures (Unter- 
suchung ueber das dielektrische Verhalten von 
Oel-Harzimschungen unter besonderer Berueck- 
sichtigung des Bereiches reiativ geringer 
Temperaturen). E. Jlrch and W. Biebel. Archiv 
fuer Elektrotechnik (Berlin), vol. 24, no. 4, 
^ov. 7, 1030, pp. 553-560,11 figs. Relation be¬ 
tween dielectric constants, angle of error and 
viscosity in range from 0 to 150 cent, at rela¬ 
tively low temperatures; phenomena are studied 
on theory of polar molecules of Debye. 

PORCELAIN. Electric^ Porcelain, J. K. 
Glllett. Elecn. {Land.), vol. 106, no. 2737, 
Nov. 14, 1930, pp. 588-5S9, 5 figs. Tests for 
porosity; effect of glazes on mechanical and 
thermal properties; breakdowns caused by 
cementing. Bibliography.. (Concluded.) 

SPECIFICATIONS. British Standard Spec¬ 
ifications for Porcelain Insulators for Over¬ 
head Power Lines. Brit Eng. Standards 
Assn,—Specifications (Land,), no. 137, 1930, 
29 pp., 6 figs. Specification is applicable to 
porcdain insulators for overhead power lines 
at declared voltages and station voltages of 3 
and 3.3 kv. respectively and upwards. 

SUSPENSION. Suspension Insulators 
(Quelques remarques sur les isolateurs sus- 
pendux), Lequerier. Sociiti Beige des Elec-‘ 
triciens—But Mensuel (Brussels), vol. 46, Nov. 
1930, pp. 556-588, 10 figs. Oomparlson of 
types, characteristics, notes on testing and 
testing equipment, strength curves, high tension 
testing, arcing protection, etc. 

TESTING. The European Insulator Situa¬ 
tion, T. Bich. Elec, Times (Land,), vol. 78, 
nos. 2037, 2030 and 2040, Nov. 6, 1930, pp. 
787-788, Nov. 20. pp. 883-884, and Nov. 27. 
pp. 929-932, 14 fii^. Notes on recent develop¬ 
ments and n testing laboratories in particular; 
routine testing department and articles of 
equipment of two million volt laboratory of 
Bosenthal Works in Bavaria, previously indexed 
from various sources. 

Lamps 

GLOW. ^Gas Discharge Tubes in Television 
Practise (Die Gasentladungwoebren in der 
Pemsehtecnnik), H. Ewest. Fernsehen (Berlin), 
vol. 1, no. 2, Peb. 1930, pp. 59-62, 3 figs. Ohar- 
acterlstlcs of inertia free ^ow lamps and their 
suitability for television purposes outUned in 
general way; various types. 

The Glow Lamp as Television Light Belay 
^le GUmmlampe sds Femseh-Li^trelals), 
P. Klrschstein. - Fernsehen (Berlin), vol. 1, 
no. 11-12, N V. 1930, pp. 495-601, 8 figs. 
Hysteresis of glow lamp & discussed; dynamic 
and static (fiiaracteristfc; a. c. characteristics, 
measurement of hysterei^; a. c. resistance as 
function of frequency; control of glow lamp by 
output tube, etc. 

MANUFACTURE. Some iecent Develop¬ 
ments In ijamp Manufacturing, J. A. Jones and 
B. I. Morwick. Elec, News (Toronto), vol. 
39, no. 22. Nov. 16, 1930, pp. 39-40 and 48. 4 
figs. Oomblnation of ultra-violet and visible 
ra<^tion gives promise of developing new era 
of Ufi^ting for health zoointenance and general 
mumination; dev^opment of S-1 Ismjga, science 
^ successfully limited wavolei^hs, shorter 
than those usoi^ foimd in sunU^Et; cut-ofl in 
sunlight u about 2800 A; spectrum of 
radiation, bulb transmission and response curves 
are given. (Concluded,) 

Lighting 

. ^ir^USTRIAL. Ourrent Industrita Ltoht- 
pTfi^e, B, B. Brown, Jr. Ilium, Eng, 
8. Oct. 1930, pp. 
.716-724. Data and other imormatlon calcu¬ 
lated to show modem trends in hidusMal llght- 
px^ctfse; facta figures have been sup- 
by sevwal. lighting equipment 'maniifac- 
—J and iUuicinating engineers covering sudh 
items as variation in reflector sizes over period 
of years, as yrjix as distribution of lamp sizes 
and types of refi ctor equipment most commonly 
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used; present practise Is shown from data sup¬ 
plied by several centraJ-station lighting service 
engineers from which several definite conclusions 
are drawn. 

VISION RELATIONSHIP. Lighting Plus 
Vision Equals Seeing. M. Luckiesh and F. K. 
Moss. Ilium, Eng, Soc. — Trans,, vol, 25, no, 
9, Nov. 1930. pp. 807-824 and (discussion) 
824-826, 5 figs. Further attempts to Interpret 
data on various relationships of fundamental 
factors of vision into lighting practice; sdentific 
basis of satisfactory demonstrations of influence 
of lighting upon semng is discussed and succeasful 
demonstrations are described and illustrated; 
various papers by authors represent series 
beginning with purely scientific data and pro¬ 
ceeding, step by step, toward lighting practice. 

Loud Speakers 

Loudspeakers, 3. G* Brown. Elecn, (Load.), 
vol. 106. no. 2741, Dec. 12, 1930, p. 749, Criti¬ 
cal discussion of paper on ^^Loudspeakers*' 
Since Their Conception with Gramophone 
Pick-ups and Wireless Becordii^ App^atus, 
presented before Inst. Elec. Eng. Great Britain, 
in London. 

An Efficient Loud Speaker at the Higher 
Audible Frequencies, L. G. Bostwick. Acous¬ 
tical Soc, Am, — Jt, vol. 2, no. 2, Oct. 1980, 

S p. 242-260, 5 figs. Purpose of this paper is to 
escribe loud speaker by which it has been 
possible to obtain efficient radiation of these 
very high frequencies: this loud speaker is 
intendeoT for use as adjunct to either baffle or 
horn t3rpe loud speakers to extend range of 
efficient performance to 11,000 or 12,000 cycles. 

ELECTROSTATIC. Theory of the Electro¬ 
static Loud Speaker, C. B. Hanna. Acoustical 
Soc, Am,---JL, vol. 2, no. 2, Oct. 1930, pp. 143- 
140, 2 fiigs. It is proved that force per unit 
voltage in electrostamc device is similar function 
of capacity and negative stiffness due to steady 
electrostatic field; new concept caUed Motionca 
admittance is introduced for electrostatic loud 
speaker and this is shown to be similar in its 
mathematical form to Motional Impedance of 
electromagnetic driver; calculation of ultimate 
theoretical efficiency that may be obtained with 
electrostatic speaker having pure reslGrtance 
radiator and covering given frequency range 
is given. 

MEASUREMENT. Loud Weaker Sound- 
Pressure Measurements, E. W. Kellog. Acous¬ 
tical Soc, Am,--JL, vol, 2, no. 2, Oct. 1980, pp. 
167-200. 18 figs. General test conditions and 
precautions; comparison of loud spe^^er system 
with direct listening; standing wave patterns; 
compensation for sdective absorption m room; 
advantages of directive loud speakers; test 
informa^on required to estimate merit; free 
space measurements; indoor test; moving 
microphone system; warble method; rapid fre¬ 
quency change method; close up tests; measure¬ 
ments of total output; experimental results; 
additional data needed; pressure and velocity 
in neighboroood of small shnple source. 

Magnetic Measurements 

_ UNITS. New Electromagnetic Unit; One 
Oersted (En ^ Elektroma^etlsk Enhed: En 
Oersted), A. w. Morke. Ingenioren (Copen¬ 
hagen), vol. 39, no. 46, ‘ ov. 8, 1930, pp. 
637-539, 1 fig. International Electroteimnlcal 
Oommisslon, In meeting at Oopenhagen in 
June 1930, approved hew absolute unit for 
Intensilv of field and called it "one oersted;" 
events leading up to this decision and physical 
definition of unit. ' 

Remarks on the Decisions of International 
Electrical Oommission with Begard to Magnetic 
Units (Observations sur les decisions de la 
Oommisslon glectrotechnlque Internationale con- 
cemant les unitOs magnetiques). E. Brylniski. 
Eevue GBnirale de VBleciriciit (Paris), vol. 28, 
no. 19, Nov. 8,1980, pp. 722-725. Author con¬ 
cludes that reserves made by Hennelly with 
respect to use of prefli "Pra" for practical units 
ore without ground as units so characterized 
can leave no room for doubt. 

Metering 

The Metering of Three-Phase Supplies, O. 
lowarth. Insin, Elee.Engrs,—Advance Paper, 
1080. 13 pp., 13 figs. Large bulk supplies are 
most complex and demand high standard of 


summation metering of complete station having 
two-way transformer circuits, three generators, 
and station auxiliary machine: mechanic con¬ 
sists of two-way contactor driven by auJdllary 
spindle geared to main meter spindle, and is 
fitted with heavy silver contacts moved posi¬ 
tively in^ each direction by jewelled rollers 
bearmgoncam. 

FREpUENGY. A New Frequency Meter, 
O. L. Lipman. Elec, Bev, (Land,), vol. 107, 
no. 2763, Nov. 7, 1930. pp. 793-794. 4 figs. 
N w deflectional-type instrument for measure¬ 
ment of power frequencies. 

Mining 

KLEGTRIC EQUIPMENT. Nev Mining 
Electrical Control Gear. Engineer (Land,), 
vol. 160, no. 3906, Nov, 1930, pp, 546-547, 8 
figs. For use in mines, letropolitan-Vickers 
Electrical Oo., has introduced some new control 
gear. Including self contained controller; mining 
switch units, also supplied as gate end boxes 
and mining transformer units; and plug distri¬ 
bution boxes, 

ELECTRIC HAZARDS. Selected List of 
Bureau of Mines Publications Covering Safety 
Studies and Activities of the Electrical Section; 
L. O. Ilsley. Coal Min,, vol. 7. no. 10. Oht, 
1930, pp. 489-491. Previously indeed from 
U. S. Bur. Mines—^Information no. 6310, 

July 1930. 

Motors 

INDUCTION. Motor Selection Improves 
Power Factor, L. F. Leurey. Elec. West, vol, 
65, no. 6, Dec. 1, 1930, pp. 292-296, 3 figs. 
Condusions are that induction motors should be 
selected with highest possible speed consistent 
with practical gear reduction; and operated at 
highest possible percentage of rated capacity; 
this especially applies to wound rotor motoi-s 
Intended for variable speed operation. 

INDUCTION—^STARTING. Use of In¬ 
duction Motors with Short Circuited Botor 
(Sur remploi des moteurs asynchrones en court- 
circuit), J. Le Monnier. Eevue GBnBrale de 
VElectricity (Paris), vol. 28, no. 20, Nov, 15. 
1930, pp. 771-779, 9 figs. Squirrel cage motor 
is only one case of short-circuited rotor type; 
starting of Boucherot double cage motor; 
starting of simple motor; experimental verifica¬ 
tion of starting characteristics; starting current 
diagrams; braking; Influence of power factor; 
starting by insertion of resistance or Inductance 
« in stator circuit. 

SYNCHRONOUS. Synchronous Motors, 
A. H. V. Altmann. AEg Progress (Berlin), 
vol. 6, no. 12. Dec. 1930, pp. 366-371, 4 figs. 
Characteristics of synchronous motors; overload 
and fluctuations in torque; network voltage 
fluctuations; network frequency fluctuations; 
advantages over other machines; starting 
methods. 

Networks 

^ INTERCONNECTED. Power Mow Studies 
Interconnected Systems, P. B. Juhnke. 
Gen, Elec, Bev,, vol. 38, no. 12, Dec, 1930, pp. 
670^673, 6 figs. For purpose of helping su& 
study, series of diagrams were constructed for 
Chicago District for diflerenji periods and 
seasons of Immediate years ahead, and for peak 

g eriods even decade m advance; four systems 
ivolved are operating as one system, by vh^ue 
of Interchange Energy Contract, and comprise . 
what is commonly known as Chicago Begional 
System. 

^ STABILITY. Power-System Stability, 
R. D. Booth and O, G. C. Dahl. Gen, Elec, 


source of error, and inaccuracies introduced by 
auxiliary apparatus and special fitments ace 
discussed. 

Meters 

Summation Metering Equipment. Engineer 
(Land,), vol. 150, no. 3908, Dec. 6, 1980, pp. 
628-629, 6 figs. Ferranti equipment is de¬ 
scribed: diagram shows equipment required for 


problem of power-system stability in light of 
present knowledge; aspects which still are In 
controversy and unsettled state as, for instance, 
effect of damper windings, and influence of 
various methods of grounding high-tension 
neutral points. (To be contin^,) 

Power Factor 

. CORRECTION. Improvement of Power 
Factor. Elec, Times (Land,), vol. 78, no. 2640, 
Nov. 27, 1930, pp. 937-939, 7 figs. Use oi 
electrostatic condensers for correction of low 
power factors. 

Power Generation 

Balance Between the Supffiy and the con- 
wwnption of Energy, B, W. MiUer. Elec. 
Engr, of Australia and New Zealand (Mel- 
iournc). vol. 7, no. 7. Oct. 16, 1930, pp. 236- 
^0, 2 MS, factors which affect cost of 

electricm energy and means that can be adopts 
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problem arises from 
fact th^ electricity cannot be stored, and. lAere- 
fore various exp^ents have to be adoptedS 
^usti^ supply to cope with demand: It is 
^wn how hydrcMlectric storage plants may be 
to level up demand on base load stations; 

SlSSnii ^ steam power station 

practice. (To be concluded.) 

Power Industry 

Oongi*ess of the International Association of 
Producers and Distributors of Electric Power in 
Brusi^, September 1930 [Oongrds de Bruxelles 
Into^tionaUe des Producteurs et 

iMp"-^'- 8 \r’iSg: 

cussions on re^rted Improvements In eouip- 
ment of theriml generating stations in Bel^um, 
Ar^nt^ and Italy; interconnection of metal-' 
lurgical plants in Briey region; unification of 
frequencies; smoke abatement, etc. 

Power Supply 

Researca in Bural 
Electriflcatl^. G. W. Kable. Elec. JL, vol. 

pp. 705-707. Since be¬ 
ginning of organized research in 1923, 24 states 
have undertaken Investigational programs; 
primary pwpose of these surveys has been to 
l^rn ^methintt of use. demand, cost, and value 
farm, and fundamental 
^fflculties involved in extension of this service; 
in order to have satisfactory uses for electricity 
on farm. 

Photoelectric Cells 

Photo-electric Cells, T. Thome Baker. Elec 
Hev.(Lond.), vol. 107. no. 2763. Nov. 7, 1980 
pp. 708-709, 3 figs. Circuit with one-valye 
amplification; bridge circuit for lamp photom- 
automatic lighting controller. (Con¬ 
cluded.) 

SELENIUM. The Selenium Cell; its Proper- 
ttes and Applications, G. P. Barnard. N. Y.. 
Richard R. Smith, Inc., 1930, 331 pp.. Ulus.! 
diagrs., $9.00. Valuable monograph alms to 
present precise, acciurate survey of knowledge 
of properties of selenitun and of applications of 
^leniiim cells to photophony, television, talking 
films and other practical uses; scattered Utera- 
ture has been very thoroughly summarized and 
bibliogrephy & jjj 

wUch '^1 be fpimd most useful by all workers 
n this field. Eng. Soc. Lib., N. Y: 

Power Plants 

T Storing Power for Peak 

Loads, W H. Onken. Jr. Nat. Elec. Light 
Assn.^Bul.. vol. 17, no. 12. Dec. 1930, pp, 
769*^761 and 800, 4 figs. Practices of Eiiropean 
•electric power system in utilizing stored steam 
and punii>ed water for auxiliary powm: during 
peak loads or In emergencies. 

DIESEL. Diesel Power— 
With Steam Combination. Power, vol. 72, 
842-846, 3 figs. 
Diesel hook-ups diown range from simplest to 
more ^mplex, former being more tirpicai of 
cunwt practice: for given power output diesel 
relives and rejects less heat: however, methods 
conserving waste heat are 
thehiSe conditions Justify 

steam 

Hydro Combined for Power and Process, 
vol. 72. no. 21, Nov. 18, 1930, pp. 
786-7M. 5 figs. Dalhousie plant of kew Bnma- 
wick International Paper Co. Is typical of inter- 
r lation of wi^r-power development and paper 
6000-kw. steam turbine 
and 426-lb. boilers for process steam and emer¬ 
gency service insures reliable operation of 670- 
ton paper mill when hydro power is obtai^M 
over single 110-mi. transmissSon line; sectional 
•elevation and prindpal equipment in power 
plant. 

Railroads 

for single 

fjase R^lroads^ (Speiseleltungen von 
rttas^bahnen). B. Wist, ^^rotechnik and 
Maschwenbau (Vienna), vol. 48. no. 43, Oct. 

26, 1030, pp. 97^972, 1 fig, Aualysis of ( 
r^uirements and economical rdations &tween 
\J 068 and netw rk8:_numerical exampl 
®0* lines and network; 
n^erical example of 100 kv. 100 km. line oi 
240 sq. mm. cross-sectional area for 33,000 kw. 

Omaha Changes Power i 
^rstem To Raise Speed. Traction Shop and 
Rqadwag, vol. 3, no. 11, Nov. 1930, pp. 327-320. i 
see also Elec, fraction, vol. 26, no. 11, 
Nov. 1930. pp. 666-668. 4 figs. Installation ol j 


nine automatic substations, installed through¬ 
out system of Omaha and Council Bluffs stmt 
™itoato steam power plant, retire 
old cars and raise average carspeed. 

Rectifiers 

EUe. Times (Land.), 
Jri. 7% no. 2041. Doc. 4. 1080, pp. 075-979, 11 

Radio 

BROADCASTING, The Importance of 
P^e Control in Synchronizing. O. W. Horn. 
Electronics, vol. 1, no. 9. Dec. 1930. p. 423. 


jT r« . «uiu Aluencaa leie- 

phone and Telegraph Co.; experimenting sta¬ 
tions were n^tained not only at same SSk 
quency but in ^ed phare relation, several 
imTOrtant and encoturaging events transpired. 
S?J!23!SS P~8ram to local lis&ners 

disappear^ and those 
“»«*“<*<* toorease in 

T MJ^CTORS, Some Properties of Grid 

■^*1 Morgaih Inst, Radio Bnars.-^Proc,, 
5®* pp. 2160-2176. 8 fi^. 

It is shown theoretically that grid power 
obtained without^due dls- 


J 2 t^* limit of grid-leak power detector is 

nrriiai*A ___ 


Radio Frequency 

^ Internntlonnl Oomparl- 
son of I^quency by Means of a Luminous 
Quartz Resonator. S. Jimbo. Inst. RadS 
N'ov* 1030, pp. 

1^0-1934, 1 ig. International comparison of 
luminous quartz 
different laboratories to be in 
agreen^nt to one iMirt in 100,000 when used to 
^brate rm^tor at its flexual fundamental 
agreement seems 
limited by luminoim glow resonator used rather 

tobomtory 

Relays 

TOewy and AppU^tlon of Relay Systems, 
Monseth. Elec. JL, 
tSo “2* 1.^^0* PP* 720-726. and 

728, 13 figs. Transmission line protective 
SSS??i 5 S.® 4 iP^i®** of protective relays are 
jTOd. fundamental characteristics of these 

^ remember , com- 
^ «*ve complete selective 
prot^tion to particular arrengement of trans- 

Shfp Propulsion 

^ Wider Use of Electric Power 

for Propelling Ships. D. W. Niven. Mar. 

60, no. 12, pec. 1930, p. 43. Review of 
Sfop^om of electric power to ship 

Telegraph Systems 

Telegraph Systems 
and M^hods of Operation, H. H. Ha^on. 
Elec. Engrs. — Jl. iLond,), vol. 68, no. 
W'^PP* 1369-1463 and (discussion) 
?P®®^ phase control; 
^fimtion of OTnehronism; motor speed control: 
^verno^phm control; methods of generation 
OT correc^n impulses; control of tuning-fork 
phase by line signals: staiCfrtiop 
si^cnronlsm; lo<^ synchronism; gene^ prindh 
synchrenizlng schemes: speed and phase 
md^tors; phase adjustmeni or orienta^w 
tuni^ forms; phonic-wheel motors; distributor 

vibration of 

tuning of forks. Bibliography. 

Telephone 

Function of Bo- 
to Oarrier Olrcults, A. G. Oanz. 


rassii]^ through terminal circuits: repeating 
less-exMQstvo unbalanced ap- 
paretus to be used without disturbing balance 
oflln wires to ground. 

A ^“iRaratlve Transmission 
\9‘ Telephone Engr., vol. 34, 

PJ>- 23-27. 6 flgs. Kotos on 
methods of testing effiaency of sub- 
sets, transmitters, and receivers: practical 
^P' ^ra'M^Dilsslon losses; trans- 
nu^on factors: loop losses; transmission loss 
on multi-party lines; 
transmisrion l^s in central office equipment: 
ti^m^on efficiency of subsets; trajismisslolf 
JSSSvtP®!® improper use of instruments; 
tr ^mi ssl o n losses In trunk plant; transmission 
tost^ cireuits for determining instrument 
emcieQcy. 

Telephone Relays 

INTERFERENCE. Effect of 
Operation. 

spreads out and 

returns to back end of core over longer path 
t^ugh^r; any iron In vicinity due to its high 
pe^eablUty would b^ine Ukely path for t&s 
stray flux to follow; because of this cores and 
ar^tures of nearby relays often serve to con¬ 
duct stray flux; magnetic flux, which causes pull. 

TeleTision 

»,S*®®°***9*fil*. Scanning Discs. Tiny 

Tube Current Meters. New Toob 
for Research, E. L. Manning. Projection Ena.. 
X2'-.2;,2?,;,ii-.Nov. 1?30. np._20an^24. NoL 


jvierers, wew Tools 
for Research, E. L. Manning. Projection Ena.. 
vol. 2, no. 11, Nov. 1930, pp. 20 and 24. 

television dwnon! 

Schenectady in which complete 
rSSi®/^^® transmitted 2 mllw 

away from tnearer where it was presented. 


Trackless Trolleys 


■ Trolley Bus Operation Proves 

Advantageous at Detroit. Ei&% Ru. Jl vol 

Decrease operating costs, increased traffic. 
Immoved puDlic relations, and almost entire 
accldouts are advantages of 
DotlSt^^ operation on Plymouth Iload, 

Electric TroUoy Bus line 
lektrJsche B^S^- 
^^b^Betrlob Mottmann-Grulton). A. Schlf- 
tef* 38-39. Sept. 

5, First modem 
w^9PJj2}u®y"^5H® Germany of Rheinlsch- 

Westfa^ische Elektrizitaetswerk, Essen; Hu a 
length is very much curved 
per cent horizon^, rest is dS 
BPaffings from 1 to 10 and 1 to 30 
oquipmeut described is run by 

g2al%tto lull's? ”- “ 

Transmission and Distribution 

Oenerotion, Trananission and Distribution, 

S; Fnp.. vol.™ 

no. Dec. 15, 1030, pp, 1416 - 1418 . 3 flffa 
electric systems process inS- 
S?l!S i!# network protection. devekS- 

Vacuum Tubes 

M Ertimatlon of the Sensl- 

Mvlty of the Grid Rectifier for Large Inputs. 

7 Wirelesf (Land.), 

Sril ** “®* ^®®‘ pp. 668-670. 6 Ito! 

Mea^emonts on sensitivity of arid rwtd^ 
low impo^noe valves of **!?• type with 
high anode voltages followed by •^{stance 
»*'vhen practical results were compared 
downer showed much 
2Si?®4+^^'J* result of experi- 

staut or grid condenser and leak circuit. 


Welding 


STEEL* Welding of Oorrosion 
Resisting Steels, W. Spraragen. W^na 
J^®®',PP* ^-980 and osft 
oflw General instructions covering welding 
tec^que us^ in arc wading, gas weldlnir 
inristance welding, and welding shi^S 

Welding of Depth In 
^£S^WeWlng and Means for Improving (Dte 
Bedeutung der Elnbrandtlefe beim Lii^oS! 
schweton und die Mlttol zuihrer VwbS- 
®®W?^» R* 8<fiiwartz. V.D.I. Zeii. (Berlin) 
y?V,f^ 1»30, pp. 16^® 
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BOILERS. Welded Boiler, J. O. Hodge. 
Mar, Eng, and Shipp. Age, vol. 35, no. 12, 
Dec. 1930, pp. 662-658, 13 figs. Bureau of 
Engiiieering, U. S. Navy, has adopted arc- 
veeided couirtruction for joints of drums for 24 
boilers now being built by Babcock & Wilcox 
Oo., for new scout cruisers Minneapolis, New 
Orleans and Astoria; specifications drawn up 
are based on proposed roecifications for fusion 
welding of drums or shells of power boilers 
publi^ed by A.S.M.E. boiler code committee; 
specifications governing test procedure, 

r 

BRONZE. Bronze W Iding of Steel and 
*Dast Iron, T. D. Ketchbaw. Welding, vol. 1, 
no. 14, Dec. 1930, pp. 981-985, 4 figs. Generid 
technique and property of bronze welds with 

g articular reference to welding of locomotive 
'ames and cylinder ; tensile strength of bronze 
w Id, properly made is around 60,000 lb. per 

sq.* in- 

buildings. Arc Welding on Steel Build¬ 
ings, F. P. McKibben. Cioil Eng., Y.), 
v<3. 1. no. 3, Dec. 1930, pp. 205-206. Discus¬ 
sion by F. T. Llewellyn, H. M. Priest, .T. L. 
Paden and S. H. Widdlcombe of paper indexed 
fromlssueof Oct. 1930. 

MACHINERY. Electric Welding and ite 
Applications in the Manufacture of Electnc 
IVOushinery (La soudure 61ectrique et ses «^pll- 
callons dans la construction des machines 
6 lectriques). Taphanel and Weber. Revue 
d'Electricile et de M^anigue {Paris), no. 13. 
Sept.-Oct. 1930, pp. 19-34, 34 figs. General 
notes on possibilities of electric welding; weld¬ 
ing applied in electric manufacture plant con¬ 
struction illustrated by welded stiuctures in 
Prance and of General Electric Plant in Phila¬ 
delphia; applications of welding In machinery 
and equipment manufactured by Als, Thom. Oo. 

PIPE. Fusion Welding Specifications for 
Steel and Wrought Iron Pipe, J. H. Zink. 
Welding, vol. 1, no. 14, Dec. 1930, pp. 975-978, 
7 figs. Specification adopted by Heatmg & 
Plpmg Contractors Assn, as to worlcmanship, 
d^gn, and materials; single vee type joint: 
tables and sketches give data on beveling, 
pacing and tacking; fillet wolds; welding neck 
^nges; tub turns; swages or reducers; dimen- 
^ons and shapes of tee and angle joints. 

PIPE LINES. Arc Welded Pipe Lines for 
Steam and Water Service. O. M. Taylor, 
Plumbers and Heat. Contractors Trade JL, vol. 
89. no. 12, Dec. 16, 1930, pp. 17-18, 8 figs. 
Advantages of electnc welding outlined with 
directions on how joints, reducers and plugs 
are to be made. 

REPAIR SHOPS, Railroad Shops Save by 
Welding, J, O. Coyle. West. Maciw. World, 
vol. 21. no. 11, Nov, 1930, pp. 489-491, 9 figs. 
Methods at Denver locomotive shops of Burling¬ 
ton i^lroad for repairing cylinder cracks, worn 
cross-heads, stoker screw, broken bolts, patching 
of fire-boxes, etc.; data on savings. 


Welding Machines 

Heavy Duty Butt Flash Welding Machines. 
Engineer (Lonrf.), vol. 160, no. 3905, Nov, 14, 
1930, p. 540. Extensive trials having shown 
that butt welding is satisfactory for certain 
purposes and that quality of weld may be equal 
to that of solid material, method is now widely 
adopted In railway works, shipyards, etc.; 
A.B.G. of Berlin, has designed machines in 
which clamping device is accessible on all sides 
and In which transformer Is water cooled. 

Development of Welding Equipment Accord¬ 
ing to Langmuir Process in America and 
Germany (Die Entwlcklung der Schwelssger- 
aetenach dem Langmulr-Verfahrenin Amerllm 
und Deutschland). S. Sandelowsky. Elek- 
trotechnische Zeit. {Berlin), vol. 61, no. 58, Nov. 
27. 1930, pp. 1649-1652. 11 figs. Electric 
equipment, transformers, etc., of arc atom 
welalng process of General Electric Oo. and 
development of same equipment at AEG; 
voltage protection. 

Welds 

TESTING, A Study of Welded Metals 
Under Fatigue Tests, G. B. Thorton. Am. 
Welding Soc. — Jl., vol. 9, no. 10, Oct. 1930, 
pp. 48-66, 14 figs. Testing procedure and 
results obtained by Department of Mechanical 
Engineering of State College of Washington, 
in cooperation with American Bureau of Weld¬ 
ing; sketch illustrates construction of Farmer 
type rotating beam testing machines; graphs 
and tables give data on properties of oxyacety- 
lene weld, atomic hydrogen weld, metal arc 
weld; microphotograph Illustrates crystal struc¬ 
ture in weld and parent metal. 

Tensile Tests for Welds, J. W. Owens. Am. 
Welding Soc.—Jl., vol. 9, no. 10, Oct. 1930, pp. 
79-88, 7 figs. Suggestions relating to standard 
A.S.1\M. tensile test specimens now used for 
fusion butt welds; sketches illustrate develop¬ 
ment of sxiitable shape of tension specimen to 
determine fusion and value of weld as joint; 
results of tests obtained with weld metal of 
high tensile strength and fair ductility. 

Wiring 

OFFICE BUILDINGS. Specifications for 
Electric Power Requirements in a Moderate 
Sized 0£8ce Building, J. C. Runyon. Elec. 
Specifications, vol. 2. no. 6. Dec. 1930, pp. 27- 
34. Sample specifications of moderate size 
omce building of from 100,000 to 200,000 sq. ft. 
floor area. (To be continued.) 

Electrical Installation in the Moderate Sized 
Office Building, F. Latzer. Elec. Specifications, 
vol. 2, no. 6, Dec. 1930, pp. 17-22 and 39, 7 figs. 
Lighting ^stem layout of Park Building, 
Yonkers, N7 Y. is described in detail; notes on 
metering; construction details; wiring devices; 
power system; service details: signal system. 


Employmeiftt IVolesi 

OftU EnQ(inie^rin0 Socjetiesi EmploYment 


Positions 

Available 

''PHYSICIST OR ENGINEER to carry out 
research and testing on electric meters. Apply 
by letter only, stating age, race, nationality, 
education, technical experience and references. 
XiOcation, Canada. W-2163. 

MECHANICAL ENGINEER, Polish, with 
long experience in electric furnace castings. 
Must be conversant in tempering and forging 
works. Apply only by letter. Location, Europe. 
W-1920. 

CHIEF OF ELECTRICAL INSTRUMENT 
ENGINEERING for manufacttirer of electrical 
apparatus. It is essential that the applicant be 
able and willing to fit into an old and dos ly knit 
organization; th^t he be thorox^pfiy familiar with 


the mathematical methods of Instrument design, 
and that he have a knack and a liking for small 
mechanisms. While the financial return will be 
based on results and will eventually be adequate 
the attractiveness of this opening lies in the 
opportunity for real engineering achievement. 
Apply only by letter. Location, New York. 
W-2209. 

Men 

Available 

BLEOTRIOAL ENOIIMEB, 36. single. 
European education, North American training, 
good executive, nine languages. Eight years* 
esperieuce, construction, maintenance: opera¬ 
tion large public utility plants. Seven years* 
sales experience, various branches, expert in 
exports and government supplies, traveled over 


the world. Adaptable to any country, climate. 
Available now. Desires position abroad. 
C-8361. 

GRADUATE ELECTRICAL ENGINEER. 
1929, 22, single: 15 months on General Electric 
test coulee. Desites positiop with utility or 
manufacturing company or with concern doing 
consulting or construction engineering. Avail¬ 
able immediately. Location. New England 
preferred. 0-8028. 

PUBLIC UTILITY ENGINEER, college 
graduate, class 1925. Manded. Five years* 
general engineering experience on distribution 
and transmission work. Also wide construction 
experience, maintenanco and operating super¬ 
vision, appraisal, valuation, right-of-way, fore¬ 
casting future load, commercial and power sales 
work, etc. Location, Immaterial. 0-4001. 

GRADUATE ELECTRICAL ENGINEER. 
26, single. 10 years' experience in motion picture 
projection; one year radio. Desires connection 
with concern interested in production end of 
motion pictures or television. Lociation, un- 
material. Futm*e behind position controlling 
factor. 0-7934. 

ELBOTRIOAL ENGINEER, 40. with 
mining, steel, and general industrial experience, 
available at once. Four years* in technical 
publishing, editorial capacity. Interested in 
research and development work, plants and 
processes, industrial investigations and financing 
plant operations, or general engineering. East 
preferred. B-4906. 

GRADUATE BLEOTRIOAL ENGINEER. 
B. S. degree, one and a half years with lai'ge 
electrical manufacturing concern in test and 
research departments; also familiar with repair 
work on distribution transformers and other 
apparatus. Available on short notice. Loca¬ 
tion preferred. New England or eastern paft of 
country. 0-8075. 

BLEOTRIOAL ENGINEEIt, graduate. 33, 
married. Twelve years' experience, last six 
years in Latin America; for four years designed 
electrical machinery; five years public utilities, 
planning, design, supervision of construction of 
power plants and substations, tlu*oe years chief 
^ectrlcal engineer raw sugar factory; fluent 
Spanish. Available February. Location pre¬ 
ferred, New York City, vicinity. 0-8553. 

GRADUATE BLEOTRIOAL ENGINEER; 
17 years’ experience in electrical manufacturing; 
electric railway, power plant, substation and 
transmission line design and construction, de¬ 
sires connection with real opportunity. 0-8256. 

BLEOTRIOAL ENGINEER, university 
graduate, age 20, married. Sevdn yeai's* varied 
experience in electrical design, purchasing and 
estimating for large power plant work. Also 
industrial, theater, apartment and oifico building 
experience with contracting engineers. Field 
and office. Desires position with engineering 
or contracting organization. Location preferred 
in the East. B-7454. 

BLEOTRIOAL ENGINEER, 31, B. S.-E. E., 
1026. One year as assistant electrical engineer 
making preliminary studies, investigations on 
hydroelectric projects; one year engineer,' 
electrical control of armament on aeroplanes; 
two years car, material inspector, street railway 
company; one year student engineer large public 
utility; two years’ electric car shop experience. 
0-6077. 

INSTRUOTOR. graduate E. E. of a grade A 
European University and M. S. of a Southern 
University. Two years' teaching experience. 
Best references. Available June 1, 1931. 

Location, immaterial. 0-8580. 

COLLEGE GRADUATE, B. S. degree, 
Werieyan University, 1024, in electricity, 
physics, mathematics. One year electrical test, 
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meters. Six years electrician, power and light 
manager, estimating. Desires position as junior 
engineer In laboratory. Would consider position 
^ chief electrician in mantifacturing plant. 
Location. Bast. Available immediately. 0-4294. 

GRADUATE ELEOTJEtTOAL-MEOHANt- 
OAL ENGINEER, 36, desires connection with 
public utility or industrial firm on power-station 
operation as ngineer, or assistant to superin¬ 
tendent or engineer. Ten years* experience 
power-plant test, operation, design, construction, 
maintenance. Thre years* electrical engineer 
for industrial concern. Two years assistant to 
power engineer. B-S379. 

ASSISTANT EXECUTIVE, 39, married, 
technically trained. Connections with large 
public utility, manufacturers, and industrial 
consultants on work of administrative and 
commercial research nature. Especially quali- 
flcfl as assistant to busy executive needing 
with management ability. WeU endorsed 
Prefer Bast. B-9122. 

‘armature winder. 18 years’ shop 
experience. Capable of handUng all kinds of 
electrical motor repairs up to 250 kw. either a-c. 
or d-c., able to do all kinds of windings, old or 
new styles. Familiar with wirirg for light and 
power. Desh‘es position in shop or as electrician 
maintaining factory or office building. C-7962. 

ELECTRICAL ENGINEER, graduate, 36, 
married. Twelve years* experience; last five 
years with very active consulting engineer. 
Design, writing specifications and requisitions, 
cost estimates, industrial sturveys, supervision 
of electrical installations covering new and 
extensions to existing power houses and indus¬ 
trial plants. Valuable to consulting engineer or 
Industrial concern. Available at once. 0-343. 

1929 GRADUATE ELECTRICAL EN¬ 
GINEER, age 24, with year and half experience 
In manual and dial telephone work. Prefers 
work in radio or soimd reproduction. Location 
In or near Maryland preferred. Available on 
short notice. C-8581. 

ELECTRICAL ENGINEER, Bachelor’s and 
Master’s degrees; fourteen years peculiarly 
broad e.\perieuc6 in test, research and develop¬ 
ment, standardization, consultation, university 
teaching, executive work, personnel; familiar 
with both power and radio equipment and 
practise. Stability and opportunity primary. 
Initial salary and location secondary. Available 
at once, 0-4051, 

development ENGINEER, 29 , with 
exceptional abilities for electrical relay circuits, 
as supervisory, remote or automatic control, 
automatic telephony, alarm systems, etc! 
Solves clmilt fimbleins with minimum of 
equipment (relays, contacts) and in record 
Also resourceful In small apparatus design! 
University graduate. At present employed. 
Desires connections with larger company! 
0-8373. 

GRADUATE ELECTRICAL ENGINEER. 

27. married. Seven years’ test and laboratory 
exporlence with large electrical manufacturing 
company. Desires position as electrical engi¬ 
neer with manufactmlng company or public 
utility. 0-8592. 

JUNIOR ENGINEER. 25, single. Desires 
connection with public utility, sound picture 
Industry or radio manufacturing firm. General 
Electric test course, public utility distribution 
test experience. Test, design, construction, 
maintenance and engineering work in radio 
receiver manufacturing plant. Location, Bast 
0-8696. 

GRADUATE ELECTRICAL ENGINEER, 
age 29, married. Five years' maintenance and 
construction work. Three years’s design, test 
and service work n distribution and power 
transformers. Also some sales experience. 
Interested in position with mining, public utility 
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company or industrial concern. Reasonable 
^ary with company offering opporttmlty. 
0-8639. 

GRADUATE ENGINEER, 21, single, gradu¬ 
ate In electrical engineering with B. S. degree. 
Twelve months* experience on electric meters! 
Desires position with opportunity for advance¬ 
ment with utility, manufacturing, or other 
engineering concern. Location preferred. N w 
York or vicinity. 0-8387. 

ELECTRICAL ENGINEER, 30, married, 
B, S. in E. E. graduate student courao, Westing- 
house; substation constniction from handling 
the tools to field engineer; cost keeping and 
material handling In construction department. 
Last two years substation and underground 
vault design. Additional education; business 
finance, Geneva College; Business management, 
La Salle; system stability, Westinghouse 
0-8572. 

ELECTRICAL ENGINEER. 24, married. 
Experience with oscillographs, vacuum tube 
amplifiers, and portable wireless sending and 
receiving set. Has done test work for utility. 
Also surveying experience. Holds second grade 
commercial wireless operators license. 0-3035. 

VALUATION ENGINEER. aU phases of 
complete valuations; to take charge or do any¬ 
thing else, electrically trained. Accounting 
experience. 0-234. 

graduate ELECTRICAL ENGINEER. 
27, married. Six years’ experience in substation 
and generating station design with middle 
western utility. Two years’ graduate study in 
utility economics. Technical writing experience. 
Available on three weeks’ notice. C- 1331 . 

ELECTRICAL ENGINEER, B. S. degree 
Iowa State College 1929. 20. married; now 
employed. Has had one year experience in 
physical testing laboratory of Western Elective 
Company. Desli‘es position in the nidlo or 
electrical Industries with opportunity for ad¬ 
vancement. Location preferred. Middle West. 
Available on two weeks* notice. 0-8632, 

GRADUATE ELECTRICAL ENGINEER. 

31. single. Previous to college education, 8 
years' experience as a licensed electrician. Now 
teaching physics and mathematics in Springfield 
Massachusetts. 0-8633. 

research engineer, exceptional theo¬ 
retical and research grounding. Thoroughly 
familiar with commercial instruments. Two 
years* public utility engineering. Three and 
one-half years* responsible executive and devel¬ 


opment xperience in highly specialized technical 
industry. Prefer small corporation in United 
States. Best references and connections. C-6938. 

GRADUATE ELECTRICAL ENGINEER, 
experienced on testing, developmental manu¬ 
facturing, electrical plant construction, wide 
experience all features design of power stations. 
Indoor and outdoor substations, and industrial 
light and power. Checker two years. Squad 
leader two years. Will consider any location. 
B-9222. 

ELECTRICAL ENGlNEJilR. single. 30, 
Scandinavian, graduate Swiss F deral Institute 
of Technology, Zurich, with 6^ years* experi¬ 
ence, four of them in United States, with 
manufacturing, mining, public utility and sugar 
companies, including operation, test, layout, 
estimate, inspection, drafting and design. 

Desires peimanent position with future. Speaks 

German and Spanish. 0-3764. 

ELECTRICAL DESIGNER AND DRAFTS¬ 
MAN, age 31, single. Eight years* public 
utmty ojqperience in steam and hydroelectric 
plants, substations and industrial plants. 
Graduate of technical school In mechanical and 
electrical engineering. Desires position with 
public utility or industrial company. 0-4610. 

RESEARCH ENGINEER, 27, ViTestinghouse 
graduate engineer. United States citlz n, mar¬ 
ried, returning from two and on -half years 
of graduate study in G ermany. Desires position 
for fundamental research in physics ov in electri¬ 
cal engineering with an Industrial organization; 
location preferred, Eastern United States 
0-8642. 

PYROMETER ENGINEER, 25 yoara of 
age, chi'lstian. single. Graduate of electrical 
engineering extension course of Columbia Uni¬ 
versity. Have had flvo years’ experience as 
a field engineer for a well known mtinufacturer 
of industrial instruments. Experienced In the 
construction, application and selling of pyrom¬ 
eters and automatic valves. C-8047. 

GRADUATE ELECTRICAL ENGINEER, 
1930, Sovofi months’ experience in olectrlcal 
substation layouts with a public utility. De¬ 
sires related position in drafting or testing. Ace 
22. 0-8293, 

GRADUATE ELECTRICAL ENGINEER 
35, married. Twelve years* experience of which 
five as Junior executive, with str et railway, 
power and light utilities. Qualified for position 
as assistant general executive or In transmission 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 

San Francisco 
N. D. Cook, Manager 


205 West Wacker Drive 
Chicago 

A. K, Krauser, Manager 


31 Vest 30tli ,St. 
New York 

W. V. Brown, Manager 


^^AINTAINED by the national socie¬ 
ties of civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available*—^Brief announcements 
will be publlsliod without charge; repeated 
only upon specific request and after one 
month’s interval. Names and records 
remain on file for three months; renewable 
upon request. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month* 


Opporiunitlcs.—A weekly bulletin of 
onginooring positions open is available to 
members of the cooperating societies at a 
sulDscription of $3 per qxiai’tcr or SIO per 
aimxim, payable in advance. 

Voluntary ConiribuGons. —Members 
benefiting through this service are invited 
to assist in Its furtherance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year’s salary. 

A Announcements.— 

Address the key munber indicated In 
each case and mall to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 
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or distribution department. Desires position 
with United States utility. Oood references. 
Available immediately. C-5091. 

DISTRIBUTION ENGINEER, 32. married. 
Six yeai’s’ utility experience. Thoroughly 
familiar with organizing for economical main¬ 
tenance. servicing, and construction, including 
records.,.accounting, reports. Some experience, 
steam power plant equipment, testing. Cornell 
University E. E. 1923. Now employed, junior 
executive on engineering and construction. 
Open for more responsible position, preferably 
in operating. 0-5155. 

ELECTRIOAD ENGINEER, 37. married. 
Graduate from a German University. Foiuteen 
years* experience in designing overhead and 
underground distribution lines, substations, and 
power and light distribution for industrial plants. 
Available at once. 0-8648. 

SOUND ENGINEER. 26. graduate E. E. 
One and one-half years recording engineer on 
talking motion pictures, 13^ years on audio 
ampMer design, remote control radio systems 
and public address systems. Thoroughly ex¬ 
perienced on home recording apparatus. Avail¬ 
able immediately. Location, New York and 
vicinity. 0-4407. 

CHINESE ELEOTRIOAL ENGINEER. 
Cornell graduate. M. M. E., G. E. test. Two 
years* public utility, nine yeai’s' power plant 
engineering experiences with leading American 
concerns, lias great acquaintances among 
Chinese engineering ckcles, seeks connections 
with American manufacturers having interests 
in China. Location preferably, Shanghai, 
JB-6648. 

PROFESSOR OF ELEOTRIOAL ENGI- 
"NEERING, 40, six years' successful experience 
teaching practically all branches electrical 
engineering, state school. Considerable experi¬ 
ence power, telephone work. One year switch¬ 
board engineering department of Westinghouse. 
B. S. in E. E. and E. E. degrees. Prefer 
location, Rocky Mountain, Padhe Coast States. 
Available school year 1931-1932. 0-5021. 

ELEOTRIOAL, MECHANICAL ENGI¬ 
NEER, college graduate ^vlth wide practical 
experience in power plant work and industrial 
electrical equipment. Desires connection. 
Available immediately. B-2492. 

BLEOTRIOAIi-MEOHANIOAL E N G I - 
NBER employed by one of the leading consult¬ 
ing engineers for 13 years is now available. 
Experience covers design, construction and 
operation of high pressure steam turbine drlvon 
lectric generating stations and necessary high 
tension substations and transmission lines, and 
all phases of industrial engineering. 0-8249. 

ASSISTANT TO EXEgUTIVE. electrical 
engineer, xiniverslty graduate, 2 years' graduate 
work, 2 years* electrical instrument manufach 
tudng and thiee years* public utility general 
testing experience. German fluent, reading 
knowledge of French, literary ability; engi¬ 
neering reports and correspondence. Pleasing 
personality, alert, industrious, reliable; excel¬ 
lent references. Wishes to relieve a busy 
executive. 0-930. 

. ELEOTRIOAL ENGINEER, 1030 graduate, 
26, single. Two years’ drafting experience. 
Dedres engineering work with opportunity for 
Advancement, Location, immaterial. 0-8437. 

EXEOUTIYE, production engineer, cost 
•ej^pert, cost accounts, budget control practical, 
iiechnical, oommerblal ^truments, telephones, 
print^, machinery, pressed steel wave enamel, 
etainli^ steel, tunnel and galvanized. 0-3241. 

GRADUATE ELEOTRIOAL ENGINEER. 
30.; Two years* railroad shop and power plant 
experience,, 4^ yearn large eastern rcdlroad 
elec^eal eng^eer's office drafting and design, 
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appraisal electrical and power plant machinery, 
investigation and reports of engineering pro¬ 
jects. Nineteen months electrician U. S. 
Shipping Board Diesel and Diesel-Electric 
motorships. Speak Spanish. 0-8160. 

ELEOTRIOAL ENGINEER, college gradu¬ 
ate, A. I. T. Good character, married, 24. 
Pre-collego experience: two years* middle- 
western utilities as electrlcian*s assistant; one 
year electrical repairs for self. Earned way 
through college and continuing now in repair 
business. WoxUd like construction or central 
station InstaUatioa work. Location anywhere. 
Available after June 15. C-8668. 

ELECTRICAL ENGINEER, over 20 years* 
experience, design, construction and operation, 
power plants, distribution, substation and 
Industrial installations of all lands. Capable of 
taking charge either inside or outside or both 
and showing resuits. B-7034. 

GRADUATE ELEOTRIOAL ENGINEER, 
with sound technical training who speaks 
Spanish readily and has wide technical experi¬ 
ence including hydro-electric plant operation, 
distribution work and some steam experience. 
Desires responsible position with Latin American 
utility. B-4132. 


Me»>L 




Transfers 

Recommended 

The board of examiners, at its meetings of 
December 23, 1930, and January 20, 1931, 
recommended the following members for transfer 
to the grades of membership indicated. Any 
objection to these transfers should be filed at 
once with the National Secretary. 

To Grade of Fellow 

BROOKS, HERBERT B.. Physicist. Chief 
of Electrical Instrument Section, Bureau of 
Standards, Washington, D. O. 

HARDING, ARTHUR L., Asst. Elec. Engr., 
Electric Bond & Share Oo„ New York. 
KELMAN, J. N., President and Manager, 
Kelman Elec. & Mfg. Co., Los Angeles, 
Oalif. 

MOORE, ERNEST E., Oonsulting Foreign 
Engineer, Electric Bond & Share Oo., New 
York.N.Y. 

STONE, EDMUND O., System Development 
Mgr., Duqtiesne Light Oo., Pittsburgh, Pa. 

To Grade of Member 

ALDERMAN, HAYWOOD L., Assistant 
Engineer, Electric Bond & Share Oo„ 
New York. 

BABOOOK, ROBERT 0., Asst, Engr., Brook¬ 
lyn Edison do., Brooklyn, N. Y. 

BAILEY, ROBERT 0., System Relay Engr*, 
VirglDia Elec. A: Pr. Oo., Richmond, Ya. 
BBNNISON, LIONEL O., Hobart District . 
Engr., Hydro Electric Commission, Hobart, 
Tasmania. ■ 

BRACKETT, HAROLD H., Engr. of Toll 
Plant Extension and Transmission, N. J. 
Bell Telephone Oo., Newark, N. J, 
BRESSLER, JOHN W., Electrical Engineer, 
Yoorhees, Gmelin & Walker, New York 


ELECTRICAL ENGINEER. B. 8.. 1929, 
Westinghouse Student Course 1920-1930, with 
experience in meter englneex4ng, desires place 
with public utility company in transmission, 
distribution or metering, or In development or 
research work. Will go anywhere. Would also 
bonsider engineering instruction job In technical 
school or college. 0-8616. 

GRADUATE ELECTRICAL ENGINEER, 
age 31, married. Eight yearn* experience 
including two years G. E. test, 1 year sales, 1 
year valuation of lighting and telephone equip¬ 
ment and five years on electrical construction 
Including estimating, layout work, and super¬ 
vising installations. Desires a permanent 
connection with a future. B-9000. 

ELEOTRIOAL ENGINEER. 35. teclinical 
education with 10 years* executive experience 
superviaing both design and construction. 
Desires position as engineer In charge of design, 
or construction or as plant engineer. Location 
immaterial. 0-8683. 

SALES AND EXECUTIVE ElNGINEBR, 
electrically trained with experience in sales 
engineering, promotion and management. 
Would nice to take an important part in pro¬ 
gressive and high-grade organization. C-5431. 


BROOKMEYER. EDGAR W., Vice-President 
and Secretary, The Brown Brockmeyer 
Oo. Inc., Dayton, Ohio. 

BRUNDIGB, JOHN A., Sponsor Engineer, 
Electric Bond dc Share Oo., New York. 

OHESNUT, FRANK T., Elec. Engr., Ajax 
Blectrothermlc Oorp., Trenton, N. J. 

OOOLBY, GILBERT, Asst. Engr., Electric 
Bond & Shore Oo„ New York. 

OOONEY, RIOHARD T.', Supt. of Elec. Const., 
United Engineers &. Constructors, Inc., 
Philadelphia,Pa. 

OREASER, ISAIAH, Elec. Engr., The Repli- 
tura Oorp., Stamford, Conn. 

DAVIDSON, ROSS W.. Sponsor Engineer. 
Electric Bond & Share Oo., New York. 

FAULKNER, ARTHUR S., Mains Engr., 
Electricity Dept., Brisbane City Oouncll, 
Queensland. Australia. 

FERGUSON, RANDON, Asst. Engr., Investi¬ 
gation of Stresses in Track, University of 
lUinois, Urbana, IK 

FINN, JAMES J., Supt., The Roland T. Oakes 
Co., Holyoke, Mass. . 

FRIEND, OTTO A„ Telephone Engr., Ameri¬ 
can T^l. & TeL Oo., New York. 

FRpEHLIOH, FREDERICK H., President, 
The French Sf Emery Engg. Oo., Toledo, 
Ohio. 

GARDNER, MURRAY F., Asst. Prof, of Elec. 

Mass. Inst, of Technology, Cam¬ 
bridge, Mass. 

GOULD, LAWRENCE nf., President, Economy 
Elec. Devices 06.. Chicago, III. 

HOISINGTON. N. P., Vice-President, W. V. 
Pangborne 8c 06.. Inc., Philadelphia. Pa. 

HOLDEN, EDWARD A.,. Asst. Engr., Electric 
Bond 8c Share Oo., New York, 

JIOKLING, ROBERT W., Transmission and 
Distribution Engr., Saskatchewan Power 
Oommisaibn, Regina, Sask., Canada. 

KATES, WILLARD A,, Development Engr., 
Coming Glass Works, Ooming. N, Y, 

Electrical Ettgineering 



KEMP, PHILIP, Head of School of Engg., The 
Polytechnic, London, England. 

LANGDON, GLEN G., Engg. Dept., American 
Gas & Electric Co., New York. 
MaoMURCHY, HERBERT G., Asst. Engr., 
Electric Bond & Share Co., New York. 
MANGELS, WALTER C., System Operator. 
Public Service Elec. & Gas. Co., Newark. 
N.J. 

MOORS, CHARLES R., Member, Technical 
Staff, Bell Telephone Laboratories, Inc., 
New York. 

MOTTER, HARRY W., Sales and Consulting 
Elec. Engr., York, Pa. 

NEXJBER, MAX, Experimental and Develop¬ 
ment Engr., Moto Meter Gauge & Equip¬ 
ment Co., Toledo, Ohio. 

NOTT, GORDON E., Transmission and Protec¬ 
tion Engr., Southern California Telephone 
^ Co., Los Angeles. Calif. 

OSBORN, CHARLES P., Elec. Engr., Ralston 
Purina Co., St. Louis, Mo, 

BAOLINO, SERAPINO, Electrical Designing 
• Draftsman, Pacific Gas & Elec. Oo„ San 
Francisco, Calif. 

PENMAN, ROY P., Asst. Engr,, Electric Bond 
& Share Co., New York, 

PERRIN, LOUIS M., Asst. Elec. Engr., Bureau 
of Engg., City of San Francisco, San 
Francisco, Calif. 

RICHARDSON, RICHARD P., Asst. Protec¬ 
tion Engr,, Electricity Dept., Sydney, 
N. S, W. Australia. 

SATTERTHWAITE, J. P., Transmission 
Maintenance Methods Supervisor, Ameri¬ 
can Tel. & Tel. Co., New York. 

SEELEY, ARTHUR P., Elec. Engr., Westcott 
Sc Mapes, Inc., New Haven, Conn. 

SHAW, ALFRED E., Elec. Engg., Virginia 
Elec. Sc Power Co., Richmond, Va. 

SILLS, HUBERT R,, Asst. Engr., Canadian 
General Electric Co„ Peterboro, Ont., 
Canada. 

SMITH, JOHN A., Elec. Engr., Arthur D. 

Riley Sc Co., Ltd., Wellington, N. Z. 

STYFP, EIVIND, Eloc. Engr., Aktieselskapet 
Norsk Elektrisk Sc Brown Boveri, Oslo, 
Norway. 

VAUGHAN, GEORGE W., Asst, Engr., 
Electric Bond & Share Co., New York. 
WHITAKER, WILLIAM G. H., Chief Engr., 
N. J. Bell Telephone Co., Newark, N. J. 

♦ 

Applications 
for Election 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform th Secretary before February 28,1931. 
Abas, J. A., Michigan College of Mining Sc 
Technology, Houghton, Mich, 

Anderson, G. A., H. B. Squires Co., San Fran¬ 
cisco, Calif. 

Arapalds, G. H., (Member), New York Edison 
Co., New York, N. Y. 

Arc^, M. S., National Railways of Mexico, 
Chihuahua, Ohih., Mexico 
Arzadon, P. S., 27 West Superior St., Chicago, 
Ill. 

Ashmead, H. E., American Tel. Sc Tel. Oo„ 
Cleveland, Ohio 

Avary, S. A., General Electric Co., Schenectady, 
N.Y. 

Avey, A. P., Niagara Sc Eastern Power Oorp., 
Buffalo, N.Y. 


Babb, M. A., General Electric Co., West Lynn, 
Mass. 

Badgl y, W. G., Jr., Public Service Elec. & Gas 
Co„ Irvington, N. J. 

Bagg, R. F., New York State, Watertown, N. Y. 

Baker, A. B., Pennsylvania Railroad, New York. 
N.Y. 

Baldwin, D. R,, Aluminum Co. of Amedca, 
Alcoa, Tenn. 

Baltzar, J., Southern California Edison Co., 
Big Creek. Calif. 

Barzilafikl, P. M.. N. Y. Navy Yard. Brooklyn, 
N.Y. 

Bates, A. C., Purdue University, West liafay- 
ette, Ind. 

Beardsley, K. D., General Electric Co., Pitts¬ 
field, Mass. 

Behm, J. H., General Electric Co., Schenectady, 
N.Y. 

Bennett, G. R., Jr., 1559 Monterey Place, 
Mobile, Ala. 

Berry, W. S;, Underwriters' Laboratories, New 
York, N. Y. 

Braxim, C. M., City of Minneapolis, Minneap¬ 
olis, Minn. 

Brown, E. I.. Ola. Hidroelectrlca Guana- 
juantense, S. A„ Mexico, D. F., Mex. 

Bryant, F. R., Kent Owens Machine Co., 
Toledo, Ohio 

Buehler, W. G., American Tel. Sc Tel. Co., 
.Minneapolis, Minn. 

Buel, K. F., Union Electric Light Sc Power Co., 
St. Louis, Mo. 

Bukey, N. J., Union Gas Sc Electric Co., 
OmctonaU, Ohio 

Bush, G, L., Telere^ter Oorp., New York. N. Y. 

Gaboon, W. J., Houghton County Elec. Light 
Co., Houghton, Mich. 

Caldwell, J.j 3189 Grand Concourse. New York, 
N. Y. 

Cameron, D. A., Public Service Co. of No, 
Illinois, Chicago, HI. 

Cameron, D. L., Skelly Oil Co., El Dorado, 
Eans. 

Caparone, M. J., Rund Mfg. Co., Pittsburgh, 
Pa. 

Oarruth, H. B;, Cupp Construction Co., Nash¬ 
ville, Ai‘k. 

Carter, B. H„ Columbia Gas Sc Electric Co., 
Cincinnati, Ohio 

Casper, O. L., American Tel. Sc Tel. Co., Nash¬ 
ville, Tenn. 

Oedick, S, J., Cleveland Railway Co., Cleveland, 
Ohio 

Clarendon, O. H., Jr., Weston Electrical instru¬ 
ment Oorp., Newark, N. J. 

Clark, G. J., General Electric Co., Toledo. Ohio 

Clark, M. O., Pennsylvania Railroad, Long 
Island City, N. Y. 

Clark, W. R., Leeds Sc Northrup, Philadelphia, 

Pa. 

Clarkson, W. G., Canadian Westinghouse do,. 
Hamilton, Ont., Can. 

Ooan. M., A, S. Riggs, New York, N. Y. 

Colson, H. L., Westinghonse Elec. & Mfg. Co., 
Sharon, Pa. 

(AppUcaint for re-election) 

Ooyle, W. A., Jr., 673 Hopkins St., Buffalo, 
N. Y. 

Critchett, O. A., Ohio Bell Tel. Co., Dayton, 
Ohio 

Orittendon, L. R., DuPont ATmTinnin. Oorp., 
Brile.W.Va. 

Orosno, O. D., Iowa State OoUege, Ames,Ta. 

Oummlngs, H. B., Jr„ Georgia Power ,Oo., 
Atlanta, Ga. 

Dapson, F. L., New York & Queens Elec. Lt. Sc 
Pr.Oo., Flushing. N.Y, 

Davis, K. O., General Electric Co., Toledo, Ohio 

Demeros, A. G., Westinghouse Elec, Sc Mfg. 
06., East Pittsburghr Pa. 

Dixon, I. H., Consolidated Gas Elec. Lt. Sc Pr. 
Co., Baltimore, Md. 

Dorr, G., Tol^o Edison Oo., Toledo, Ohio 

Doss, L. F., New Jersey Bell Tel, Co., Newark. 
N.J. 


Duncan, D. C.. Illinois Bell Telephone Co.. 
Chicago, Ill. 

Eastman, O. A., Pennsylvania Power & Light 
Co., Allentown, Pa. 

Eckert, O. E., (Member), Board of Water Sc 
Electric Light Commissioners. Lansing, 
Mich. 

Elg, G. W., New York Edison Co., New York, 
N. Y. 

Estler, K. E., Westinghouse Lighting Irfitltute 
New York, N. Y. 

Evans. O. D., Westinghouse Elec. Sc Mfg. Co., 
Bast Pittsburgh, Pa. 

Ewart, J. N., Buffalo General Electric Co., 
Buffalo, N.Y. 

Falconer, M. 0., City of Tacoma, Hoodsport, 
Wash 

Farrelly, J. W., Southwestern Bell Tel. Oo., 
San Antonio, Tex. 

Ferrick, J. H., American Tel. Sc Tel. Oo., 
Pittsburgh, Pa. 

Flshburne. O. L., Jr., University of South 
Carolina. Columbia, S. O. 

Fisher, C. B., Bell Tel. Labs., New York, N. Y. 

Flarida, H. R., Robbins Sc Myers, Springfield, 
Ohio 

Flippln, A. W„ Pacific Gas & Electric Co„ 
Oakland, Calif. 

Foley, J. A., General Electric Co., Toledo, Ohio 

Forfa, J. S., United Elec. Service Co., New York 
N. Y. 

Foster, H. K., Dalton-Marsh Co., Danvers, 
Mass. 

Franks, S. T., Canadian Sc Genei’al Finance Co„ 
Ltd., Toronto, Ont., Can. 

Freeland, F., Northwestern Electric Co., Port¬ 
land. Ore. 

Fuller, H. M., Philips Wire Co., Darlington, 
R.I. 

Garrett, R. F., Western Electric Co., Kearay, 
N. J. 

Geer, G. D., Texas Electric Service Oo.. Sweet¬ 
water, Tox. 

Giddens, A. J., Cleveland Railway Oo., Cleve¬ 
land, Ohio 

Gille, W. H., MlnnoapUs Honeywell Reg. Co., 
Minneapolis. Minn. 

Glllis, J. D„ University of Santa Clara, Santa 
Clara, Calif. 

Glendlnning, W., Brooklyn Edison Co., Brook¬ 
lyn, N.Y. 

Greenman. H. F., New England Public Service 
Oo.. Augusta, Me. 

Greer, D. M„ Westinghouse Elec. Sc Mfg. Co., 
Newark, N. J. 

Guenthnor, R. H., Northwestern Public Service 
• Oo., Yankton, S. D. 

Gwathmey, L., General Electric Co., Schenec¬ 
tady. N.Y. 

Hague, O. W., General Electric Co., Cl veland, 
Ohio 

Haldeman, W. P,, Motor ]^roduct8 Oorp,, 
Detroit, Mich. 

Hallar. E., UnitediJllectric Light Co., Spring- 
field, Mass. 

Hamilton, J. A., BeU Tel. Oo. of Pa., Pittsburgh, 
Pa. 

Hauuner, K. E., Bell Telephone Laboratories, 
New York, N.Y, 

Hansen, P, B., (Member), Graybar Electric Oo., 
Inc., Minneapolis, Minn. 

Harrington, J. R.. (Member), Howe Signal Co.; 
Howe Mfg. Co., Chicago, Ill. 

Hartlg, 0., Eagle Electric Mfg. Co., Brooklyn. 
N.-y. 

Haapel, G. K., (Member), Independent Sales & 
Engineering Oo. Ltd., Vancouver, B, 0„ 
Can. 

Hazelton, R. M., 470 B. 161st St., New York, 
N.Y. 

Heine, T. O., New York Tel. Co., New York, 
N.Y. 

Hellwarth, A. R., University of Michigan, 
Ann Arbor, Mich. 

Helwig, W. F„ (Member), Texas Technological 

College, Lubbock, Tex, 
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Hendricks, W., AJlis-Oh aimers Mfg. Oo., 
Pittsbou'gli, Pa. 

Henrikson, P. W., General Electric Oo., New 
York. N. Y, 

Hentzen, H. K.. Southwestern Bell Tel, Oo,, 
Kansas Oity, Mo, 

Hindman, B. W„ Public Service Oo. of No, Ill., 
Maywood, Ill. 

Hollingshead, E. C., Westinghouse Elec. & Mfg, 
Co*, Sharon, Pa, 

Horsfall, J. D., Ohio Bell Tel, Oo., Cleveland, 
Ohio 

Horvath, J. J., Electric Bond & Share Oo., New 
York,N.Y. 

Hoshiai, M., c/o Consulate General of Japan, 
New York, N, Y. 

Hrubec, T, T.. General Oable Oorp„ Perth 
Amboy, N. J, 

Hultberg, O. A,. Transformer Oorp, of America, 
Chicago, Ill. 

Huskin, P. P„ Carolina Power & Light Co., 
Asheville, N. O. 

Hynes, P. B., (Fellow), Crocker Wheeler Elec. 
Mfg, Co., Amper ,N.J. 

Irvine, G. L., General Electric Co., Schenectady, 
N.Y. 

Ivanofl, N. A., D. L. & W., Railroad Oo,. 
Hoboken. N, J. 

Jacob, F. N., ROA Victor Oo., Inc., Mt. Leb¬ 
anon. Pa. 

Janone, V., General Cable Ctorp., Rome,N.Y, 

Jasper, H. N„ Jr., American Tel. & Tel. Co., 
Cleveland, Ohio 

Jenkins, S. P., Utah Copper Oo.. Bingham 
Canyon, Utah 

Jeremiah, W. S., Pennsylvania Power & Light 
Co., Hazleton, Pa. 

Jlvatode, R. 3., Carolina Pr. & Lt. Co., Raleigh, 
No. Oar. 

Jones, H. H., Brooklyn Edison Oo., Brooklyn, 
N.Y. 

Jones, T. B., Oliio Brass Co., Dallas, Tex. 

Joy, O. H., Westlughouse Elec. & Mfg. Oo., East 
Pittsburgh, Pa. 

Judd, R. S., Southern Now England Tel. Co., 
New Haven, Conn. 

Judldns, A., 37 Rolfe St., Auburn, R. I. 

KeacMe, J. H., General Electric Oo., Schenec¬ 
tady, N.Y. 

Kemper,.G. W., Westinghouse Elec. & Mfig. Co., 
Sharon. Pa. 

Kennard, W., 210 Pierce Hall, Cambridge, 
Mass. 

Kerigan. F. A., Pennsylvania Railroad Oo., 
Altoona, Pa. 

Kerley. V. E., Oregon State College, Corvallis, 
Ore. 

3BIllingsworth. H. M., General Electric Co., 
Phlladelpliia, Pa. 

Kimball, G. S., Stanford University, Stanford 
University, Calif. 

King, W. L., Northwestern Bell Tel. Oo., Rapid 
City, So, Dak. 

Kinney. A. B., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Kissner, B., Little & Branch, New York, N. Y, 

Klein, H,. 687 Lexington Ave., New York, N. Y. 

Knapp, K W., Shawlnlgan Water & Power Co., 
Montreal, Que., Can. 

Knapp, N., Jr.. Bell Tel. 1-abs., Inc., New York. 

.. N.Y. 

Kherr, L. R., Pacific Gas & Electric Co., Oak- 
land, Oalif. 

Kohll, W, W., Standard Sanitary Mfg. Oo„ 
Tiffin. Ohio 

Korba, A. A,. Northern States Power Oo., 
St. Paul, Minn. 

Kramer. A., ihiget Sound Pr. &Lt. Co., Seattle, 

Wa^. 

L>aA:ancfai, V.^ City Light Dept, of Seattle, 
Seattle, WajBh. 

Langford, J. W.. Jr., General Electric Oo., 
Philade]5>hia.Pa. 

Larson. H. O., Western Electric Oo., Kearny, 
N.J. 

Leary, J. F„ Trinidad Leaseholds, Ltd., Trini¬ 
dad. B.W,-a:. 


Leary, J. R., Bell Tel. Oo, of Pa., Pittsburgh. Pa. 

Ledermann, W., Sargent & Lundy, Chicago. Ill. 

Leithead, R. O., Mass. Inst, of Technology, 
Cambridge, Mass. 

Lewis, F. A., “Electrical Engineering,*’ 33 W. 
39th St.. New York. N. Y. 

Undell, O. H., Union Gas & Electric Co., 
Cincinnati, Ohio 

Linn, G. J„ Oommonwealth Edison Co., Chi¬ 
cago, Ill. 

Linton, E, W„ New York Tel. Oo., Brooklyn, 
N.Y. 

Louttit, W. O., (Member), United Railways of 
Havana, Havana, Cuba 

Lucas, E. L., 3959-15th Aye., N. E., Seattle. 
Wash. 

Lucas, F. L., City of Toledo, Toledo, Ohio 

Ludlam, G., Western Electric Co., Pittsburgh, 
Pa. 

Mabson, E. B., Louisiana Power & Light Oo„ 
Algiers, La. 

Mahan, K. O., General Electric Co., Schenec¬ 
tady, N.Y. 

Marine, E. H., Bureau of Power & Light of Los 
Angles, Saugus, Calif. 

Martin, H. L., Westinghouse Elec. & Mfg. Co., 
Chicago, III. 

Marx, W. F., AUis-Ohalmers Mfg. Co., Pitts¬ 
burgh, Pa. 

Mathewson, H. G., Southwestern Bell Tel. Co., 
Dallas, Tex. 

Matson, J. W., Jr., Union Switch & Signal Co., 
Swissvole, Pa. 

Matthes, L. H., General Electric Co., Beaumont, 
Tex. 

Mattos, G. E.. 563 North Sixteenth St., San 
Jose, Calif. 

McOown, R. L., Texas Electric Service Co., 
Fort Worth, Tex. 

McOurley, J. B., Chesapeake & Potomac Tel. 
Oo. of Balto., Baltimore, Md. 

McPadden, J. J., Pennsylvania Power & Light 
Oo., Hazleton, Pa. 

McHugh, J. H., City of St. Paul, St. Paul, Minn. 

McVeety, S. B., Con. General Electric Co., 
Toronto, Out., Can. 

Metzger, A. F., General Electric Co., Schenec¬ 
tady. N.Y. 

Mexal, J. R., Sarvas Electric Co., Inc., New 
York. N.Y. 

Mickle, H. I., Ford Instrument Co.. Long 
Island City, N. Y. 

Miller, M. R., 1018 Promontory Ave., Oregon 
City, Ore. 

Molioy, J. A., Brooklyn Edison Co., Brooldyn, 
N. Y. 

Monnier, O, F., New York Power & Light Oorp., 
Albany, N. Y. 

Moosbian. J. L.. United Electric Lt. Pr. Co., 
New York, N.Y. 

Morris, H. D., Stone & Webster Engg, Oorp., 
Boston, Mass. 

Morrison, C., Potomac Edison Co., Hagerstown, 
Md. 

Morse, M. F., New York Tel. Oo., Brooklyn, 
N. y. 

Mucher, G. J., Olarostat Mfg. Co., Inc., Brook¬ 
lyn. N. y. 

Newhouse, S. E., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Nicholson, G. J., New York & Queens Elec. Lt. 
Co., Flushing, N. Y. 

Oberbauer, 0. T., Edgar, Mont. 

O’OaHaghan, J. J., Stewart Wagner Oorp., 
Chicago, Ill. 

Odbert, B. W„ Jr., Sturgeon Bay Oo., Sturgeon 
Bay, Wis. , 

Odilweln, O. L., Public Service Oo. of No. Ill., 
Evanston, Ill. 

Oliver, B. A., New York Central Railroad, New 
York, N.Y. 

Olsen, O. F., General Electric Oo„ Schenectady, 
N.Y. 

Oppenheimer, M. L., North American Electric 
Lamp Co., St. Louis, Mo. 

Orrlck, E. F., General Electric Co„ Schenectady, 
N.Y. 


Osborne, R. H., Public Service Co. of No. 
Illinois, Joliet, 111. 

Osgood. R. H., Hazard Insulated Wire Works. 
New York, N.Y. 

Ott, W. M., New York Tel. Co., Syracuse, N. Y. 

Pabalan, R. L., Brooklsm Edison Co.. Inc.. 
Brot>klyn, N. Y. 

Paulaharju, L. J., Can. Westinghouse Oo. Ltd., 
Hamilton, Ont., Can. 

Paulding, H. L., Dow Jones & Co., New York, 
N.Y. 

Peach, P. S., 315 N. Highland Ave., Pittsbmgh. 
Pa. 

Pennock, E. O., Westinghouse Elec. & Mfg. Co„ 
Denver, Colo. 

Peugnet, O. R., Rensselaer Polytechnic Insti¬ 
tute, Troy, N. Y. 

Pfester. P., Cleveland Railway Oo., Cleveland, 
Ohio 

Plant, I. M„ Brooklyn Edison Co., Brooklyn, 
N.Y. 

Poohan, S. L„ R. O. A. Photophone. Inc., 
New York, N.Y. 

Poole, G. D„ Western Union Telegraph €o., 
Chicago, Ill. 

Potter. D. F., Jr., (Member), Kuhlman Elective 
Co., New York, N.Y. 

Pritham, O. F., N. Y, N. H. & H. R. R. Co.. 
New Haven, Conn. 

Pyne, A. N., Union Carbide Co. & Electro 
Metallurgical Oo.. Niagara Palls, N. Y. 

Quell, O. H., General Talldng Pictures Oorp., 
New York, N, Y. 

Quirk, M. J., Ford Motor Oo„ Dearborn, Mich. 

Rehm, W. P., U. S. Lines. Inc., New York, N. Y, 

Remon, J. A., (Member), Chesapealce & Poto¬ 
mac Tel, Oo., Richmond, Va. 

Reynolds, R. I., Syracuse Lighting Co., Inc., 
Syracuse, N. Y. 

Ring, D. H., Bell T^ephone Laboratories, Rod 
Bank, N. J. 

RoUman, W. H., Memphis Power & LiglitK3o., 
Memphis, Tenn. 

Rothstein, A. I., Kansas City Pr. Sc Lt. Oo„ 
Kansas City, Mo. 

Rowe, H. N., General Electric Co., Schenectady, 
N. Y. 

Roy, J. A., Bmeau of Ordnance, Navy Dept., 
Washington, D. C. 

Roy, K. C., Mass. Inst, of Technology, Cam¬ 
bridge, Mass. 

Rudder, A. L., Hydro Electric Power Comm, of 
Ontario, Toronto, Ont., Can. 

Rudiger, O. E., Cornell University, Ithaca, N. Y. 

Rys, F. E., Westinghouse Elec. & Mfg. Co., 
BondsvUle, Mass. 

Sanderson, B. B., Public Service Co. of No. 
Ullnote, Chicago, Ill. 

Sandstrom, A. T., Anaconda Cupper Mining 
Oo., Butte, Mont. 

Sandstrom, F. Q., New York £ Queens Elec. 
Lt. & Pr. Co., Flushing, N. Y. 

Schaub, W. R., Bureau of Standards, Washing¬ 
ton, D. O. 

Schlesinger, O. J., (Member), A. A. Electric Co., 
Cicero, Ill. 

Schlottmann, F. W., Brooklyn Edison Co., Inc., 
Brooklyn, N. Y. 

Schmidt, E. O., Southwestern Bell Tel. Oo„ 
St. Louis, Mo. 

Schmitt, W. H., Brooklyn Edison Oo., Inc., 
Brooldyn, N. Y. 

Schoemann, A. F., General Electric Co., PhOa- 
d^phia, Pa. 

Schultz, O. H., John O. Morris, Inc., Jersey 
qity,N.J. 

S(fliwab. D., Engert-Hellman. Inc., New York, 
N.Y. 

Schwarzkopf, B., 3733-80th St„ Jackson 

Heights, L. I., N.Y. 

Sharp, W. B., Southern BeU Tel. Co., Jackson, 

* Miss. 

Shoemaker, L. E., Westinghouse Elec. Sc Mfg. 
Oo., Sharon, Pa. 

Schoenfeld, K,. B. A. Everett, Long Itdand 
City, N.Y. 
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Slekman, P. W., Pennsylvania Power & Light 
Oo., Hazleton, Pa. 

Sigman, H. F Westinghonse Elec. & Mfg. Oo., 
Bast Pittsburgh, Pa. 

Sissung, E. P., M, H. Schmoyer, Allentown, Pa. 

SWnner, O. R., Correct Recording System Mfg. 
Co., Palo Alto, Calif. • 

Smeed, R. W., 1740 Bast 116th Place, Cleveland, 
Ohio 

Smith, G. A., Bell Tel. Laboratories, New York. 
N. Y. 

Snyder, E. R., Sargent & Limdy, Chicago, Ill. 

Stanfield, D. R., So. Calif. Tel. Co., Los Angeles, 
Calif. 

Stelpstra, E. J., Western Bl^ti*ic Co., Inc., 
Newark, N. J. 

Strasbourger, J. 0., Cleveland Electric Illumi¬ 
nating Co., Cleveland, Ohio 

Stra^ella, A. P., Bethlehem Steel Co., Mllroy, 

Stringham, R. p.. University of Kansae. 
Lawrence, Eans. 

Strohl, W. M., Bell Tel. Labs., Red Bank, N. J. 

Stroilg, c. H., National Inspection Co., Chicago 
111 . • , ^ ' 

Stuttle, A. F., Ohio Bell Tel. Co., Toledo, Ohio 

Swingle, A. W„ General Electric Co., Schenec¬ 
tady, N. y. 

Tarvin, B. R., American Tel. & Tel. Co.. New 
York, N. Y. 

Taylor, C. P., Western Electric Co., Seattle. 
Wash. 

Thomas, J. E., Brooklyn Edison Co., Brooklyn 
N. Y, 

Thomas. M. I.. 8747 Laflin St.. Chicago, Ill. 

Thomas. R. E.. (Member), Bell Tel. Co. of Pa.. 
Wilkes-Barre, Pa, 

Thomson, W. A., Northern Electric Oo„ Mon¬ 
treal, Que.. Can. 

Tietzow, O. E., Sargent & Lundy, Inc., Chicago, 
lU. 

» Toepte. A. H.. Westinghouse Elec, & Mfg. Co., 
Bast Pittsburgh. Pa. 

Turner, W. O., Louisiana Power & Light Co., 
Algiers, La. 

Turpin, A. P., Public Service Co. of No. III., 
Waulcegan, Ill. 

Tycks, C. P., Staten Island Edison Corp., 
Livingston, S. I., N. Y. 

Ullman, R.. Brown Instrument Co., Philadel¬ 
phia, Pa. 

Vatcher, G. I., Urquehart-Hardy Radio Labs.. 
Dorchester, Mass. 

Vest, W. L., Jr., Western Massachusetts Com¬ 
panies, Springfield, Mass. 

Victors, P., Shell Chemical Oo., Pittsburg, Calif, 


Volkmann, H., 3623 North igth St., Milwaukee. 
Wis. 

Walker, O. M., Champion Radi Works, Inc., 
Danvers, Mass. 

Walsh, T. N., Geophysical Service, Inc., Dallas, 
Tex. 

Walters. H. B., AUls-Ohalmers Mfg. Co.. 
Pittsburgh, Pa. 

Webber, T. T.. New York Eire Dept., Wood- 
haven. N. Y. 

Weber, E., Brooldyn Polytechnic Institute, 
Brooklyn, N. Y. 

Weber, P. D., Western Electric Co.. Chicago. 
Ill. 

Weil, R. G., Bell Tel. Labs., New York. N. Y. 

Welch. H., Westinghouse Elec. & Mfg. Co., 
Springfield, Mass. 

Wendegatz, L. G., Line Material Co.. Kansas 
City, Mo. 

West. W. B., (Member), 22 East 38th St., 
New York, N. Y. 

WUllams, G. M., Public Service Oo. of No. Ill., 
Crystal Lake. Ill. 

Wlrth, S., Brooklyn Edison Oo., Brooklyn, N. Y. 

Witt, M., Georgia Power Oo., Atlanta, Ga. 

Woodward, H., Annapolis & Chesapeake Power 
Oo., Annapolis, Md. 

Wylie, D. N., Allis-Ohalmers Mfg. Co., Pitts¬ 
burgh, Pa. 

Total 281 

Foreign 

de la Serna, R, T., Oia. Interprovincial do 
Servlcios Publlcos Buenos Aires, Argentina, 
So America 

Del Ray, J., Electric Supply Go., Cuttack, India 

Hayath, M„ Government of Mysore, Bangalore, 
India 

Iyengar, K. I., Government of India, Bombay 
India 

Knight, S. A., Irak Petroleum Co., Ltd., 
Tuz Khurmatii, Irak 

Pratt, A. A., Riegos y Puerza del Ebro, S. A., 
Provincia de Lenida, Spain 

Smith, J. A., Australian General Electric Co., 
Ltd., Adelaide, South Australia 

Snyder, I. W.. Standard Oil Oo., Yokohama, 
Japan 

Sugaya, Y., Nagoya Communications, Hlgashl- 
Ku, Nagoya-Shi, Japan 

Utley, O. L., Emprezas Electricas, Rio de 
Janeiro, Brazil, So. America 

Watts, E, A., Municipal Council of Sydney, 
New South Wales, Australia 

White, O. E., (Member), Century Electric Co. of 
St. Louis, Mo., London, Eng. 

Total 12 


Officers and C!onuniftees 


Institute Officers 1930-1931 

President 

WILLIAM S. LEE 

Junior Past Presidents 

R, P. SOHUCHARDT 
HAROLD B. SMITH 


Vice-Presidents 

HERBERT S. EVANS 
W. S. RODMAN 

0. E. PLEAGER 

E. O. STONE 

C. E SISSON 


H. V. CARPENTER 
G, O. SHAAD 

I. E. MOULTROP 

H. P. CHARLBSWORTH 
T. N. LACY 


Directors 

P. O. HANKER 

E. B. MEYER 

H. P. LIVERSIDGE 

J. ALLEN JOHNSON 

A. M. MacOUTCHBON 
A. E. BETTIS 

J- B. KEARNS 

P. W. PEEK, Jn. 

O. E. STEPHENS 
A. B. COOPER 

A. E. KNOWLTON 
R, H. TAPSCQTT 


National Treasurer 

W. I. SLIGHTER 

National Secretary 

P. L. HUTCHINSON 


G neral Counsel 
PARKER & AARON 
30 Broad Street, New York 

Local Honorary Secretaries 

T. J. Fleming, OaJle B. Mitre 519, Buenos Aires, 
Argentina, S. A. 

H. W. Plashman. Aus. Westinghouse Elec. Oo., 
Ltd., Oathcart House, ll Oastlereagh St., 
Sydney, N. S. W., Australia. 

P. M. Servos, Rio de Janiero Tramways, Light 
& Power Co.. Rio de Janeiro, Brazil. 

A. P. M. Fleming, Metropolitan Vickers Elec, 
Co., Trafl?ord Park. Manchester, England. 

A. S. Garfield, 173 Boulevard Haussmann, 
Paris 8 B., Prance. 

Renzo Norsa, Wa Caravaggio 1, Milano 26. Italy. 

P. H, Powell, Canterbury College. Oliristchurch, 
Now Zealand. 

M. A. Chatolain, Polytechnical Institute, Apt. 
27, Leningrad, Sosnowka 1/3, U. S. S. R. 

Axel P. Enstrom, 24a Ingonlorsvetenslcrapsa- 
kademien, Stockholm, 5 Sweden. 

W, Eldson-Dew, P. O. Box 4563 Johannesburg. 
Transvaal, Africa, 


INSTITUTE COMMITTEES 

(A fisi of the personnel of Institute commiiiees may 
be found in the January issue of 
EhECTIilCAL ENGINEERING) 


General Standing Committees and 
Chairmen 


Executive.. S. Lee 

.'.C. B. Stephens 

Meetings and Papers.A. E. Knowlton 

PubUcation.. S. Gorsuch 

Coordination of Institute Activities 


H. P. Charlesworth 


Board of Examiners.H. W. Drake 

Sections.Everett S. Lee 

Student Branches.W. H. Timble 

Membership.j ^ Allen Johnson 

Headquarters. r. H. Tapscott 

. B. Meyer 

Public Policy.Baticroft Gherordl 

Standards.p. D. Newbury 

Edison Modal.D. C. Jackson 

Lamme Medal.Charles P. Scott 


Code of Principles of Professional Conduct 


P. B. Jewett 

Award of Institute Prizes.A. E. Knowlton 

Safety Codes.A. W. Berresford 

Eiiginoei4ng Profession.H. A, Kidder 

Columbia University Scholarships 
. ^ W. I. ^lichter 

Popular Science Award.A, E, Knowlton 

Advisory Committee to the Museum of 
Science and Industry in the City of < 
New York.j. P. Jackson 


Technical Committees and Chairmen 

Automatic Stations.p. Zogbaum 

Oonmjunlcatlon.G, A. Kositzky 

Education.. r. ^ork 

Electrical Machinery.Philip L. Alger 

Electric Welding. P, p. Alexander 

Electrochemistry and ElectrometallTirgy 

^ ■ P. H. Brace 

Eloctrophysics.O. B. Buckley 

General Power Applications.O. W. Drake 

Instruments and Measurements_E. J. Rutan 

Applications to Iron and Steel Production 

A.<l. Cummins 
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Production and Application of Ligit 

George S. Merrill 

Applications to Marine Work.. .R. A. Beekman 

Applications to Mining Work.Oarl Lee 

Power Generation.Allner 

Power Transmission and Dlstrfbutlon 

P. H. Chase 

Protective Devices.Raymond Bailey 

Research. Chubb 

Trans£)ortation.Sidney Withington 

INSTITUTE REPRESENTATIVES 

{The Insiiiuie is represented on the following 
bodies', the names of the representaiioes 
may be found in the January issue of 
ELECTRICAL ENGINEERING) 
Aeronautical Radio Research. Liaison Com¬ 
mittee on 

Alik‘ed Noble Prize Committee, A. S. C. E, 


American Association for the Advancement of 
Science. Council 
American Bureau of Welding 
American Committee on Electrolysis 
American Engineering Council Assembly 
American Marine Standards Committee 
American Standards Asso<dation 
American Year Book, Advisory Board 
Charles A. Coffin Fellowship and Research Fund 
Oommittee 

Committee of Apparatus Makers and Users, 
National Research Council 
Oommittee on Elimination of Fatigue, So(dety 
of Industrial Engineers 

Committee on Heat Transmission, National 
Research Council 
The Engineering Foundation 
Engineering Societies Monographs Committee 
Hoover Medal Oommittee 


John Fritz Medal Board of Award 
Joint Oommittee on Welded Rail J olnts 
Joint Conference Committee of Four Founder 
Societies 

Library Board,United Engineering Trustees, Inc. 
Natloiipl Fire Protection Association, Electrical 
Committee 

National Fire Waste Council 
National Research Council. Bnglneeriug Division 
National Safety Council, Electrical Oommittee 
of A. S. S. B.—Engineering Section 
Radio Advisory Oommittee, Bureau of Standards 
United Engineering Trustees. Inc. 

U. S. Natlonad Committee of the International 
Commission on Illumination 
U. S. National Oommittee of the International 
Electrotechnicid Commission 
Washington Award, Commission of 


geographical district executive committees 


District Chairman (Vice-President, A. I, E. E.) 

No. 1 —NorthBastem.. .1. E. Moultrop, Edison Elec. lUum. Co.. 89 Boylston St.. 

'Boston 

No. 2—Middle Eastern.. E. O. Stone, Duquoane Light O0..435 Sixth Ave., Pittsburgh 
No. 3—New York City.. H. P. Oharlesworth, 463 West St., New York 


No. 4—Southern. 

No, 6—Great Lakes.. 
No. 6—North Central 
No. 7—Southwest... 
No. 8—^Pacific. 


No. 9—^North West.. 
No. 10—Canada. 


W. S. Rodman, Box 075, University, Va. 

!! .T. N. Lacy, Mich. Bell Tel. Co., 1306 Cass Ave., Detroit 
Herbert S. Evans, University of Colorado, Boulder, Colo. 

G. O. Shaad, University of Kansas, Lawrence, Kans. 

.. , 0. E. Fleager, Pac. Tel. & Tel. Co.. 140 New Montgomery 
St,, San Francisco 

.. .H. V. Carpenter, State College of Washington, Pullman. 
Wash. 

.. .O. B. Sisson, Canadian Gen. Elec. Co., 1025 Lansdowne 
Ave., Toronto, Out, 


Secretary (District Secretary) 

A, C, Stevens, General Electric Co., Schenectady 

j. A. Oadwallader. BeU Tel. Co. of Pa.. 416 Seventh Ave, 
Pittsburgh 

O. R. Jones, Wesiinghouse E. & M, Co., 150 Broadway. 
New York 

J. S. hiiUer, Jr.. Box 12. University, Va. 

A. G. Dewars, No. States Pr. Co.. 16 S. 16th St., Mlnn^papolU 
M, S. Coover, University of Colorado, Boulder, Colo. 

Robei*t W. Warner. University of Kansas, Lawrence, Kans. 

H. W. Hitchcock. 1050 Telephone Bldg.. 740 South Olive St., 
Los Angeles 

R. D. Sloan. State College of Washington, Pullman, Wash. 

W. L. Amos, Hydro-Elec. Pr. Com., 190 University Ave., 
Toronto, Ont, 


Note: EachDUtrictBxecuttveOomHUtteelncIudestheehaimeneeflee^etariesofanSecaonswI^^^^ 
Oommittee on Student Activities. 


LOCAL SECTIONS OF THE INSTITUTE 


Napae District 

AlflPon;;^. .. .... .2.. . 

Atlanta".......4... 

Baltimore.. ......2... 

^Birmingham.4... 

"Boston...!..♦ 

Chicago... .5... 

Cincinnati;............. .2... 

bleveland..........*.. i . 2 ... 

Oplumbus.......2... 

Connecticut. 

Dallas........7... 

Denver...,.....:.;..-6.,. 

Detroit^A^m Arbor. .... . 6 .,. 

]^e....>. .,2... 

Pori Wayne..... .5.,. 

Hou^on............7,., 

Xndifinapolis-Laf...,.. .. 

,.... .... . 6 .. 

'"Ithaqa. ,’i .. ...’...1.;.- 


nhne.m«i.Ti Secretary Secretary's Addresa 


.H. O. PaJste.. .Alvin P. Regal. 

,H. O. Uhl..0. O. Rae......— 

.W. B. Kouwenhoven.. J. J^ells... 

O. B. Oharltbn,... 

* J. P. Kobroek........G. J, Crowdes,..... 

]f. H, Lane....L. R, Mapes. 

.T. O. Reed,.L. L. Bosch. 

.F. W. Braund.John M. Smith.... 

!o. D. Price...K. Y, Tang....... 

. Samuel FerguBon . R. G, Warner . 

.L. T.^Blaisdell.G. A. Dyer........ 

.R, B. Bonhey... .N. B. Love... 

.LeBoy Bralsted.J. J. Shoem^er.., 

.G.R. McDonald.G. 1. L^aron. 

,W. J. Morrill..... . .. .O. M. Summers... 

.O. D. Farman,..Hezzie Clark.... .. 

.E. G. Ralston..0. E. Dutton.,;... 

. J. K, McNeely...... .H, B. Hoflttiaus. *.. 

. W. Q. Bailed, Jr.W. E. Meserve,..; 


. .Phlla. Rubber Works Co., Akron, Ohio 
.. Westinghouse E. As M. Co., Atlanta, Ga. 

. .Western Elec, Co., 25 Broenli^ Rd., Baltimore, Md. 

!! Allied Engineers, Inc., Birmingham, Ala. 

. . Simplex Wire & Cable Co., Sidney St., Cambridge. Mass. 

, .Ill. BeU Tel. Co., 212 W. Washington St., Chicago, lU. 

, .Columbia Eng. & Mgt. Oorp., 314 West 4th St,, Cincinnati. 
. .Nela Park, Cleveland, Ohio 
.. Ohio State University, Columbus, Ohio 
. .Yale Univ., 10 HlUhouse Ave., New Haven, Conn. 

.. gouthwestem BeU Tel. Co., Dallas, Texas 
. .807 Tramway Bldg., Denver, Colo. 

.,Detroit Edison Co., 2000-2nd Ave., Detroit, Mich. 

,.. General Elec. Co,. Erie, Pa. 

,.. General Elec. Co,, Fort Wayne, Ind. 

,.. Humble Pipe Line bo.. Drawer, 1761, Houston, Texas 
. .15 W/New York St., Room 222, IndUihapolis, lud. 

.. .Des Moines El. Lt. Co:, 312-6th Ave., Des Moines, Iowa 
.. .614 E. Buffalo St., Ithaca, N. Y. ; 


Ohio 
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LOCAL SECTIONS OP THE INSTITUTE—Confmiied 


Nap^e District Chalrmim _ Secretary _ Secretary's Address 

Lehlgh'TOtey.2.w ■'' I,'..^sas City. Mo. 

LoslniX^::::. I .H ■ w' .- & ^t. Oo., Haeletcm, Pa. 

liouIsviUe. ;!!!!! 1 *.’//.! */. ‘.James .pSSn v .University Ave., Los Angeles. Oallf. 

Madison. !!!!! ]!!! .5 . t n .J f . Elec. Oo.. West Lynn Works. Lynn. Mass. 

MeriS).is!:;. b E ..Mempws Pr. & Lt. Co.. Memphis, Term. 

.Oaetro, Jr.Departamento Blectrlctdad y Telegrafos, PeirocarrUes Kactonalea 

MUwaukee.6.P A KsHair t t niw de Mexico. Mexico. D. P. 

Minnesota.6. D k l^-wIs .H J P^a.*Lt. Oo., 380 Pub. Serv. Bldg., Milwaukee. Wls. 

Nebraska. 6 W O T^i. 7 .Northwestern BeU Tel. Oo.. Minneapolis, Minn. 

N w York. :;;::;; .3;; ::;••• 7 k .^ .Telephone Bldg., Omaha. Nebraska 

Niagara Prontler.1. ,^.8 Bmto. aw .Broadway, New York, N. Y. 

Noi*h Carolina. . 4 j H ..Oeneral Elec. Oo., 1100 Elec. Bldg., Buffalo, N. Y. 

Philadelphia..... . . .’ '.2. .d . t .Oklahoma Gas St Elec. Co., Oklahoma Olty, Okla. 

Pittsburgh. 2 O T ainc^ • J. L. MaoBumey.El, St. Bat. Oo., 10 S 5 Hunting Park Ave,, Phila., Pa. 

Providence. 1 • .o w ^4.General Electric Oo.. Portland, Oregon 

Boohester.■. 1 ! " '^ey J^umb " "p' .Black^ne VaUey G. & E. Oo.. 231 Main St.. Pawtucket. K. I. 

St. Louis. 7 ■ ^ p^ .w 4 ■ .^romberg-Oorlson Oo., 100 Oarlson Bd., Rochester. N. Y. 

San Antonio.7.!.’ ‘'d W Plow^'.E BWf*“ .Wagner Elec. Oorp., 6400 Plymouth Are., St. Louis. Mo. 

San Ptandsco. 8.......! .H H G^tT.'.'.B . I ' Texas 

Saskatchewan.10. W T Hunt . a' B* Oi^rd.Market St., San Prandsco, Oallf. 

Schenectady. 1 E's .w » S.* N®ebia< S«s>'- Canada 

Seattle.' ‘o.O B* Oare^^ .PWHn \ .?' General Elec. Oo., Sdionoctady. N. Y. 

Sharon.. 2.a s'(S .^ Seattle. Wash. 

Southern Vlreinia *4.r xr Bnrrrr.n" .Wostlnghouse B. St M. Oo., Sharon, Pa. 

Spolcano. t .Loren^TTraub..WesthighouseE. & M. Oo., 912 El. Bldg., Richmond, Va. 

Springfield, Mass .. 'i .MtorS" . ?' n . Washington Water Pr. Oo.. Spokane. Wash. 

Syracuse. "1.p w' ..Westlngbouse E. St M. Oo,. Page Blvd., Springfield, Mass. 

Tole^.2.. 0 ^ 1 «W.Henderson. 604 Unlverrity PI.. Syracuse. N.Y. 

Toronto..;::::::io .S' ...Pemwood Are.. Toledo. Ohio 

tTrbana. 5. O'E' SkmdAi* .w .Hydro El. Pr. Oomm., 190 Univ. Ave-. Toronto, Ont. 

Utah.?..9. l" b' Pifi^r .p^‘ . ^23 Mat. Test. Lab. Unlv. of Illinois, Urbana. Ill. 

Vancouver. .'.‘io.''..‘ h. Vlc^ .^ A™n« .®b»8liam Canyon. Utah 

Washington.2.. GeorgeW vinal. T T n«m. .B-O. B. Ry, Oo., Ltd., 426 Oarrall St.. Vancouver, B. O. 

Worces^. 1 .J T SlThaS .R P .S ’ D. O. 

Total 68 . umnam.R. P. Bullen.General Elec. Oo.. Worcester, Mass. 



STUDENT BRANCHES OF THE INSTITUTE 



Name 

Location 

District 

Chairman 

Secretary 

Counselor 

(Member of Faculty) 

Akron, Univ. of. 

Alabama Poly. Inst. 

Alabama, Unlv. of. 

Arizona, Univ. of. 

Arkansas. Univ. of.. . 

Armour Inst, of Tech. 

British Columbia. Univ. of 
Brooklyn, Poly, Inst, of. 

... .Akron, Ohio. 

-Auburn, Ala. 


.... R. TK/TanTi 

. H. H. Schroeder.... 

.J. T.Walther 

-University, Ala. 

... .Tucson. Ariz.. 

-Fayetteville, Ark. 

.... Chicago, Ill..... 

... .Vancouver, B. C. 

-Brooklyn, N. Y. 

.10..., 

..3 

... .Walter H. Croft. 

.... W. T. Biinton. 

... .Ned a. Muse. 

... .K. A. Knlttel. 

... .M. A. Thomas....... 

. Harold B, Hendrix.. 

. Carl Ludy. 

.B. Wylie Head. 

.E. Squires.... 

. B. M. Kershaw. ♦..,. 

W. W. Hill 
. ,F. R. Maxwell, Jr. 

. J. O. Clark 
,W. B. Stelzner 
. D. B. Richardson 
. E. G. CuJlwIbk 

Bucknell Unlv. 

Oallf. Inst, of Tech..,. 

Otdlf., Unlv. of. 

Oamegle Inst, of Tech... 

Case Sch. of Ap. Science. 

Catholic Unlv, of America. 

Otncinnati, Univ. of. 

,.. .Lewisburg, Pa.... 

__Pasadena, Oallf. 

.... Berkeley, Calif.. 

-Pittsbxwgh, Pa. 

... .Cleveland, Ohio. 

... .Washlngtoni D. 0. 

... .Cincinnati, Ohio. 

. 2..,. 

2 

... .0. R. Sterling. 

... .A. W. Strong. 

... .Harry 0. Stanley_ 

-M. W. Smedberg.... 

... .G. A. Sanow.. 

.F. Andersou. 

.P. Hort. 

. J. B. Girard. 

.Louis Zable. 

.G. H. tkola. 

. Irwin J. Rand. 

. Robin Beach 
. W. K. Rhodes 
. R. W. Sorensen 
.L. B. Reukema 
.G, Porter 
.H. B. Dates 

T. J. MacKavanagh 

Clarkson College of Tech. 

Olemson Agri. OoUe«e., 

Colorado. State Agri, College 

Colorado, University of. 

Cooper Union....... 

Cornell University. 

Denver, Univ. of.... 

Detroit. Unlv, of. 

Drexel Inst. 

Duke Umv. 

-Potsdam, N. Y. 

,.. .Olemson College, S. 0... 

... .Ft. Collins. Oolo_ 

-Boulder, Oolo. 

. ...New York, N.Y.. . 

-Ithaca. N. Y... 

... . Denver, Oolo... 

....Detroit, Michigan... 

... .Philadelphia, Pa........ 

... .Durham, N. O. 

....1.... 

. •.. 4? • j?. v/DuornoiuZ. 

... .R. S. Whitaker . 

.. .,0. B. Jarrard, .,... . . 

- Henry Wamboldt.... 

- R. Partington.___ 

... .H. Grlssler . 

... .0. O. Dean.. . 

. ...Harry H. Ward . 

..., W. R. Moyers. ...... 

.... E. K. Oliver .. 

... .L. R. Ransom . . 

.Henry Suter .•. 

.O. L. Brown . 

,G. A. Douglass. 

.L, Dougherty . 

.John BuiTo . 

.A. B. Mundel . 

. Wm. B. Brainard. .,. 

.Fay Olmsted . 

.L. F. Ross. 

. G. R. Bowers. . . 

A. L. de Bmyne . 

.W, 0, Osterbrock 
,A. R. Powers 
. S. R. Rhodes 
.F. L. Poole 
.W. C. DuVaU 
.A. J. B. Fairburn 
.B. M. Strong 
.R. B, Nyswander 
. H, O. Warner 
.B. 0. Lange 
.W, J. y 
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STUDENT BRANCHES OF THE INSTITUTE—Conrfnued 


Name 


Location 


Counselor 
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South American Agent for Ohio 
Brass Company.—The Ohio Brass Com¬ 
pany, Mansfield, Ohio, announoes the 
appointment of Pirelli 8/A, with ofiices 
in Rio de Janeiro and Sao Paulo, as 
Brazilian agent for that company in 
South America. Pirelli S/A, a branch 
of the Pirelli Company of Italy, large 
manufacturers of cables, chemicals, rub¬ 
ber goods, etc. maintains an extensive 
selling organization throughout Brazil. 

G neral Electric Orders.—Orders re¬ 
ceived by the General Electric Company 
during the year 1930 amounted to 
*341,820,312, compared with *445,802,519 
for 1929, a decrease of 23 per cent, Presi¬ 
dent Gerard Swope has announced. 
Orders for the final quarter of 1930 
amounted to *74,168,480, compared with 
*108,398,049 for the last quarter of 1929, 
a decrease of 32 per cent. As a result of 
the transfer of radio set and tube business, 
outlined in the company’s 1929 annual 
report, orders reieeived in 1930 do not in¬ 
clude radio sets and tubes, except orders re¬ 
ceived for the new General Electric radios 
introduced in the latter part of the year. 

U. S. Leads in Radio Exports.— 
According to a recent announcement 
from the Department of Commerce in 
Washington, more than 24,000,000 radio 
sets are in use throughout the world to¬ 
day, 45% being in the United States.- 
Socket power sets account for 52% of the 
total number of sets in use in North 
America. In the majority of oases, out¬ 
side of the United States aind Canada, 
the cost of broadcasting is paid by a 
system of license fees levied on the sets 
in use, and these fees range from as low as 
tlurty-nine cents in Prance to as high as 
*44 per set in Turkey. The average 
license fee, however, runs between *3 and 
*4. The United States is the world's 
largest exporter. 

A High Voltage Testing Set.— 
A highly accurate testing set of unusually 
flexible design, the AmerTran Type 
TS-15A, has been developed by by the 
American Transformer Company, 180 
Emmet Street, Newark, N. J. This 
apparatus is ideally suited for light test¬ 
ing in either the factory or laboratory 
where potentials from 600 to 20,000 volts 
at I kv-a. are required. It is applicable 
in making accurate dielectric • strength 
measurements on materials such ae paper, 
tape, compound, varnished oambrio, 
condensers, and insulation in gmall 
apparatus. The new AmerTran testing 
set operaljss: from stand^d 110-yolt, 60- 
eyde circuits and contains a special 
air-cooled testing transformer with a four- 
Si^^n secondary winding which permits 
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of obtaining three different voltages at 
full output—^5,000, 10,000 and 20,000. 
In addition the equipment includes a 
wire-wound potentiometer for adjusting 
the voltage to any value between zero 
and maximum, the exact value being 
indicated at all times by a precision 
double-rai^e voltmeter connected to a 
special winding on the transformer. For 
protection against damage due to over¬ 
load a quick-acting circuit breaker is 
provided. The unit is completely housed 
in a compact metal case on the front of 
which is mounted a Bakellte panel 
containing all operating controls. 


Trade Liter^lvure 


Linemen’s Tools.—Bulletin 30, 68 
pp. Describes a complete line of tools, 
belts, etc., for linemen and other electrical 
workers. Mathias Klein & Sons, 3200 
Belmont Ave., Chicago. 

Neon Glow Lamps.—Folders (2). 
Describe the characteristics and uses of 
standard neon glow lamps. General Elec¬ 
tric Vapor Lamp Company, Hoboken, N. J. 

Steam Turbines.—Bulletins GEA 
101 IB and 1080A, each 12 pages. De¬ 
scribe the design and construction of 
turbines for isolated plants and central 
statioirs. General Electric Company, 
Schenectady, N. Y. 

Electroplating Aluminum.—Book¬ 
let, 36 pp., “Electroplating Aluminum." 

, Describes the process of chromium plating 
and niekelplating of aluminum and alloys. 
Aluminum Company of America, Oliver 
Building, Pittsburgh. 

Micarta.—Bulletin 1686-A, 16 pp., 
“Mioarta in the Central Station." De¬ 
scribes Mioartainsulationfor powerhouses 
and substations, insulating bus bars and 
oonneotions, and other applications. 
Westinghouse Electric <& Mfg. Company, 
East Pittsburgh. 

Test-Signal Generator.—Catalog 
supplement F- 26 o, 4 pp. Describes type 
404 test-signal gexmrator for use in com¬ 
paring performances of radio receivers, 
or of one receiver xinder various conditions. 
This apparatus has been deri'med with 
the re<;pirein6nt of service testing in 
mind. General Radio Company, Cam¬ 
bridge (A), Mass. 

Direct-Current Vqlt-Ohmmet r.— 
Supplements to Bulletin 100. Describes 
a new instrumenti type PD, direct-cur¬ 


rent volt-ohmmeter, which may be used 
for continuity testing, as a direct reading 
ohmmeter, or for reading voltages up to 
600 volts, direct current. It is recom¬ 
mended by the manufacturer particularly 
for radio testing. Roller-Smith Com¬ 
pany, 12 Park Place, New York. 

Quadrant Electrometer.—^Bulletin 
330, 4 pp. Describes the “Compton 
quadrant electrometer." This instru¬ 
ment, according to the manufacturer, is 
probably the most delicate electrostatic 
instrument available, and due to its 
simplicity and high sensitiveness it has 
been widely used during the past few 
years in much of the best research *vfbrk 
involving accurate electrostatic measure¬ 
ments. The Rubicon Company, 20^ No. 
6th Street, Philadelphia. 

Rossman Speed Control.—Bulletin 
1151, 12 pp. Describes the Rossman 
system of adjustable speed control wliich 
involves a method of controlling the speed 
of a given alternating-current drive 
machine over a wide speed range. It is 
being used with particular success for 
operating auxiliary equipment in hu'go 
power plants. Allis-Ohalmers Manu¬ 
facturing Company, Milwaukee. 

Lighting Panels,—Bulletin 12 pp. 
Describes the new “Superba” lighting 
panel, which is a revolutionary attempt 
to give attractive* form to this equipment 
and get away from the staid straight lines 
of the conventional type at the same time. 
A more important feature is the greater 
flexibility and scientific design of the 
board from electrical and mechanical 
standpoints. Changes of circuit connec¬ 
tions for both voltage and phase may be 
made readily •without removing the door 
and trim or disturbing the wiring connec¬ 
tions. These panels are composed of 
Bakelite units that can Be furnished in a 
variety of colors to match background 
color schemes. Bull Dog Electric Prod- 
ducts Company, 7610 ** Jos. Campau 
A*venue, Detroit. 

Electric Heating Equipment.— 
Catalog 247,100 pp. Describes Westing- 
house industrial heating equipment and 
includes operating data, charts, and 
tables. The catalog contains definitions 
of terms relating to heat treatment o|)erar* 
tions, tables for determining furnace sizes 
and operating costs, descriptions of differ¬ 
ent furnaces, a section devoted to instal¬ 
lation photographs, and specifications for 
industrial heating appliances such as air 
heaters, electric glue pots, electric snow 
melters for track switches, and; oil im¬ 
mersion heaters.. The last section of the 
publication consists of a oontroL section 
describing magnetic controllers, push 
button stations, furnace transformers, 
thermometers, thermostats, pyrometers, 
etc., making this a comprehensive and 
complete publication on the subject of 
industrial heating, Westinghouse Elec¬ 
tric &Mfg. Oompaoiy, Basf Pittsburgh. 
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PARLEY GRANGER CLARK (A ’01; 
" M *12; P *13) is the ardent proponent 
of a rather comprehensive plan for 
improving the operating economies of 
electric power systems through definite 
efforts to provide an outlet for ‘‘surplus” 
power, " Mr. Clark suggests that surplus 
power available from existing generating 
stations at other than peak-load periods 
can well be absorbed in various industrial 
and particularly electrolytic processes 
involved in the manufacture of many 
commodities, including fuel gas. Mr. 
Clark graduated from Cornell University 
in mechanical engineering, class of *94; 
from 1897 until 1902 he was with the 
Metropolitan Street Railway Company 
(N. Y.); 1903-4 with Westinghouse, 

Church, Kerr & Company (N. Y.); 
1905-10 with the Pennsylvania Railrojgidr; 
1911 with the Westinghouse Company; 
1912-22 chief engineer of the Toronto 
(Canada) Power Company and affiliates. 
Since 1923 he has been in private con¬ 
sulting practise. {See page 197) 
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A NOTHERPHASE of the cooperative 
work of the communication and the 


electric service utilities in the interest of 
improved service to customers, revolves 
around the joint use of poles for the lines 
of the two utilities. J. C. Martin o¥ the 
Middle West Utilities Company, and 
H. L. Huber of the American Telephone 
and Telegraph Company, each a trans¬ 
mission authority in his own field, have 
jointly produced a comprehensive out¬ 
line of the present situation and current 
trends as regard cooperative work on 
joint pole use. {See page %0S) 


♦ 


'T'HE EDISON MEDAL for 1930 was 
^ presented January 28 to Dr. Frank 
Conrad by W. S. Lee, president of the 
Institute, following a eulogy effectively 
delivered by Dr. Ohas. F. Scott, past^ 
president and 1929 Edison medalist. 
{See page fei6) 


♦ 

T^ARL TAYLOR COMPTON, presi- 
dent of the Massachusetts Institute 
of Technology, characterized the electron 
as mankind’s most nimble and effective 
servant in his demonstration lecture at 
one of the Institute’s winter convention 
sessions. Dr. Compton did not attempt 
to reveal anything new and startling con- 
ceming the electron, , but he did outline 
rather compreheUsively the prosent status 
of scientific mderstanding of that most 
minute wd^highly Vnimated particle of 
matter, (See page 19B) 


PROTECTIVE RELAYS and related 
^ I automatic devices are correctly ac¬ 
credited with having done much to make 
possible long distance power transmission 
and to facilitate the handling of the great 
electric power concentrations required to 
meet ever-growing demands. Everett E. 
George describes the reactance relay 
installation of the Tennessee Electric 
Power Company, one of the first and most 
extensive applications of this relatively 
new device. Operatirg experiences are 
outlined^in order that others may profit 
thereby. {See page 905) 


COMB OP THE MYSTERIES of 
^ electrical porcelain are reduced to a 
far less serious proportion by a brief dis¬ 
cussion of chemistry, materials, and 
manufacturing methods given by H. M. 
Ejianeb. (See page 909) 


npHE WINTER CONVENTION teoh- 
^ nical sessions with their wealth of 
material as represented by some fifty 
papers are comprehensively “covered” 
in ten news items. Some of the extensive 
discussion at four of the sessions is sum¬ 
marized; some further discussions will 
be presented in a subsequent issue. 
{See pages 916^998) 


^NE of the most interesting factors 
^ influencing the trend of development 
of large electric generators, synchronous 
condensers, and simiiar rotating equip¬ 
ment, is the advent of hydrogen gas as a 
cooling medium. M. D. Ross, associated 
with the development of this type of 
equipment for the Westinghouse com¬ 
pany, describes some of the problems and 
outlines some of the possibilities. {See 
page 911) 
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^^^OISE REDUCTION is being aggres¬ 
sively pushed from many different 
angles. R. B. Qborqb of the Westing- 
house company describes experiments in 
controlling and reducing unpleasant noises 
emanating from power transformers and 
makes useful suggestions. (See page 194) 


^ 'RAFFIC CONTROL, a vexing prob¬ 
lem affecting an ever-increasing 
percentage of the general public, bids 
fair to be simplified greatly tlmough 
i^enious applications of that most versa¬ 
tile device, the electron tube. R. C. 
Hitchcock, Westinghouse research engi¬ 
neer, desm-ibes some successful practical 
experiments in the use of light beams to 
operate traffic signals. (See page 189) 


\^^ITH THE RECENT aonounce- 
ment of the Pennsylvania Railroad 
that it would proceed at once to complete 
the electrification of its main lines be¬ 
tween New York City and Washington, 
D. C., and the announcement of electrifi¬ 
cation projects contemplated by other 


la^ railway systems, the question of 
railway electrification is assuming ever 
greater importance in engineering and 
economic circles. Edwabd L. Mobbland, 
well known consulting engineer and 
partner in the firm of Jackson & More- 
l^d, Boston, who personally supervised 
the most important phases of the recently 
TOmpleted extensive electrification of the 
Lackawanna suburban lines serving New 
York City and New Jersey territory, dis¬ 
cuses the important features of the 
project, several of which have established 
new precedents in the art. (,See page 185) 


A^ILLIAM states lee (A’04- 
M ’03; P ’13) active, competent, 
and aggressive president of the Institute 
answers in detail a lengthy telegram from’ 
the Honorable Gifford Pinchot, governor 
of the commonwealth of Pennsylvania 
In Im le^r. President Lee corrects 
certain misunderstandings which were 
evidenced by the telegram which Gover¬ 
nor Pinchot sent under date of January 
28 ^dressed jointly to President Lee and 
the ^ter convention assemblage of the 
Institute. (See page 215) 


pOR THE FIRST TIME in so com¬ 
prehensive a manner, the present 
tren^ in telephone and power practises 
as they affect inductive coordination are 
set forth, so that all who are interested 
may know something of the more impor¬ 
tant factors underlying the important 
engineering cooperative efforts between 
the communication and .the electric 
service communities. W. H. HAiikisoN, 
Amencan Teleph<Jne and Telegraph Com¬ 
pany authority on the subject, and 
A. E. SiiVBB of the Electric Bond & 
Share Company representing the electeio 
seTOce utilities, not only are well quali¬ 
fied to discuss the subject but represent 
also tremendous aggregations of ongi-’ 
neermg ability. (See page 176) 


'y^ILLIAM J. POSTER of Soheneo- 
tady, N. Y., has been awarded the 
Institute’s Lamme medal which will be 
p^mted during the summer convention 
at AsheviUe, N. O., June 22-26, 1931. 
Dr. Foster receives the award “for his 
contributions to the design of rotating 
alternating-current machinery’.’’ (See 

page 229) ' 


Telephone and Power Practises 
They Affect Inductive Coordination 


Proper coordination of parallel power 
and telephone circuits to control the 
noise induced in the latter is one of the 
oldest and most important problems 
requiring the joint consideration 
of power and telephone companies 
throughout the United States. Prog¬ 
ress in the development of the tele¬ 
phone and power industries to meet 
growth and improve service, has an 
important influence on problems of 
coordination. Important trends and 
their influence are summarized in this 
paper. 

By W. H. Harrison and A. E. Silver 

Member A. I. E. E. Fellow A. I. E. E. 

American Tel. and. Tel. Company, Electric Bond & Share Co., 

New York New York 

T he many important benefits 
resulting from the cooperative 
handling of questions arising from 
the proximity of the lines of the telephone and electric 
power systems of the United States are emphasized by 
the extent and the rapid growth of these two industries. 
Such a rate of growth (see accompanying illustrations) 
necessarily brings with it many cases of physical prox¬ 
imity where, because of the widely different charac¬ 
teristics of the circuits involved, difficulties might arise. 
The necessity for active study of the coordination of the 
different systems and for the current handling of large 
nqmbers of individual situations will continue for a long 
time to come. 

In approaching the technical phases of the subject of 
coordination it seems well to emphasize the fact that, 
after all, the power and telephone companies serve 
essentially the same customers, and thus it is 
essential that both services be rendered in the most 
economical manner. Each utility, therefore, should 
construct its plant with full regard for the plans and 
facilities of the other. 

The Joint General Committee of the National 
Electric Light Association and the Bell Telephone 
System has recommended principles and practises 
which recognize these fundamental factors and which 
point the way to the practical handling of each type 
of situation. In effect, each individual situation is 

From “Trends in Telephone and Power Practise as Afiecting Coor¬ 
dination,” (No, 31-21) presented at the A, I. E. E. winter convention, 
January 26-30, 1931, as Part 1 of a symposium on coordination of power 
and telephone plant. 


contemplated to be worked out on the basis of the best 
over-all engineering solution, just as if both utilities 
were under one management. Without this basis 
of procedure it is hard to visualize how, with the 
service density of both utilities steadily mounting and« 
with both the services rapidly extending into new 
territory, it would be possible to carry on these exten¬ 
sions in the present orderly fashion. 

In the following are outlined some of the more 
important developments in the telephone and power 
industries, together with their effects upon coordination 
problems. 

Perhaps the most important of these developments 
in both the power and telephone fields have to do with 
constant improvement in the quality of service afforded 
to customers. This trend is exemplified in the power 
system by fewer service interruptions, better voltage 
regulation, and better frequency regulation. In the tele¬ 
phone system this progress is marked primarily by 
the generally improved characteristics of transmitted 
speech and faster and more reliable service; secon¬ 
darily, by a tremendous extension and widened .scope, 
of direct-connected voice communication channels. 

In the telephone system the improvement in stand¬ 
ards of service, if considered by itself, tends to increase 
the noticeability of inductive effects from outside 
sources. Similarly, increases in the extent of service 
and speed of completing calls have led to increased 
reliance on prompt telephone communication, tending 
to increase the importance of avoiding interruptions. 
Five years ago the average interval of time be¬ 
tween the placing of a long distance toll call by a sub¬ 
scriber and the commencing of the conversation was 
lyi minutes; at the present time it is a little less than 
minutes. 

The improvement of service has been associated with 
a particularly rapid growth of very “long haul” tele¬ 
phone business and a consequent increase in the average 
length of telephone circuits used for interurban and 
long distance work. In the period 192S-29, while 
telephone toll business as a whole increased 59 per cent. 
New York-Chicago business increased 170 per cent and 
the combined Chicago and New York business to Los 
Angeles and San Francisco, 380 per cent. From the 
standpoint of coordination with other electric circuits 
the very long telephone circuit offers a more difficult 
problem than the circuit of moderate length because of 
the cumulative effect of exposures in different sections. 

In the power industry one of the most important items 
in the improvement of service has been'the steady de¬ 
crease in the number of service interruptions. This has 
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t^n brought about mainly by better standards of con¬ 
struction including more systematic mechanical and 
electrical arrangement of circuits and apparatus, and 
mcreased numbers of circuits and sources of supply. 
Wtale the increasing numbers’of interconnecting and 
other tyi^ of lines bring new conditions requiring 
coordination of power and telephone plants, improved 
construction and increased security of circuits and ap¬ 
paratus have a definitely beneficial effect upon mattera 
of (^rdination by reducing the number of abnormal 
conditions of operation. Better voltage regulation and 
certain accompanying faetws which definitely aid 
coordination include better balance of currents in the 
separate phases of the circuits and more effective ar¬ 
rangements minimizing the tendency of currents to 
florin the earth. 

While in some respects the extent and rapid growth of 
the two utilities and the improvement of service stand- 
^ds have tended to increase the importance and the 
difficulties of coordination work, these adverse ten¬ 
dencies have been offset by beneficial effects of im¬ 
provements in plant design and construction and by the 
cooperative end^vor which has been carried on by the 
two utilities during recent years. It is a tribute to the 
effectiveness of this cooperative work that the degree 
of satisfactory coordination bctwoon th© two systems is 
steadily improving. 

In ihe following pages brief statements are made 
descriptive of the more important trends in the respec¬ 
tive systems. 

Trends in Telephone Practisb 

Present trends in telephone system include: 

1. Dial system. 

2. Extension of toll cable. 

3. Increased use of telephone repeaters. 

4. Carrier telephone systems. 

5. Improved station apparatus. 

6. Connections to foreign countries. 

Extensions in the telephone toll system and improve¬ 
ments in the service generally, tend to increase the 
number of coordination problems and their importance. 
Extended use of toll cable tends to reduce these aamo 
problems, since cable is less susceptive than open wire 
and its use allows many more circuits to be carried 
over a single route, thereby reducing the number of 
routes. 

Probably the most fundamental and far reaching of 
these changes is the progress of conversion from mgmfg] 
to dial system operation. When present plans are com¬ 
pleted approximately 80 per cent of the telephones of 
the Bell System will operate on a dial basis. While 
this trend is of the greatest and most fundamental 
importance in the development of the telephone business 
it does not affect the coordination problem in any ma¬ 
terial way and thaiefore need not be further digni iagod 
here. 


One of the most spectacular trends of development of 
the Bell Sy^em at the present time is the increase in 
the connections to foreign countries. Earlier connec¬ 
tions to Canada and Cuba were supplemented in 1927 
by service to Mexico and by transoceanic radio links 
from New York to London through which connection is 
made to the principal European countries; and in’l930 
a similar radio link from New York to Buenos Aire^ 
through which connection is made to Montevideo, 
Uruguay, and Santiago, Chile. During the next few 
years it is expected that these foreign connections will 
incre^ to include all important points in South 
America, Australia, Japan, Honolulu, and all other 
pointe which may offer an appreciable demand for 
service. These intercontinental circuits are not di- 
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Fig. 1. Growth in the utilization of power and 
telephone service as compared to growth in popu¬ 
lation for the period 1920-1930, expressed in 
percentage of increase 


rectly affected by the physical proximity of power 
cu’cmts; but their efficiency is affected by nojse currents 
on connected circuits. 


Toll Cable Increasing 

The change in methods of designing and constructing 
toll cmjuits which is of greatest importance is the great 
increase in use of cables for such circuits, including both’ 
the very long dist^ce circuits and the shorter interur- 
DM circuits. A single cable may provide from 260 to 
500 telephone circuits ^d several hundred telegraph 
cncmts, as many circuits as would be supplied by from 
five to ten heavily loaded open-wire pole lines. 

This concentetion of circuits in a ainglA cable, a 
number of which can be placed on a single route,' of 
itself greatly simplifies coordination problems by 
materially reducing the number of routes involved. 
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Furthermore, the presence of the lead sheath with 
the twisting of the cable conductors, the high degree of 
balance with respect to ground, and the mutual shielding 
effect of the many circuits in one cable, practically 
prevent the direct induction of noise currents into the 
cable circuits from outside electrical sources. The 
shielding effect of the lead sheath when suitably 
’grounded also provides substantial reductions in the 
voltages of fundamental frequency which may be in¬ 
duced along the cable conductors at time of trouble on 
neighboring power systems. 

A telephone toll cable with its associated equipment 
costs about the same per mile as a twin-circuit power 
transmission line of the 110-kv. class. This high cost 
has led to a large use of private rights-of-way for new 
extensions of these cables, particularly for aerial cable 
construction—^an added advantage from the coordina¬ 
tion standpoint. 

In all t 3 T)es of cable construction the susceptiveness 
to noise induction is so greatly reduced that low fre¬ 
quency induction generally becomes the limiting factor 
relative to the permissible proximity of these cables to 
power circuits. The relative amounts of induced volt¬ 
ages occurring with certain types of cable construc¬ 
tion as compared with open-wire construction are in the 
order of 1:5. 

While as noted cable circuits are protected effectively 
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Fig, 2, Growth in the number of telephone sub^ 
scriber stations and electric power customers for 
the decade 1920^1930 


from noise induction, the efficiency obtainable over the 
long circuits is limited in part by the noise currents 
occuning in the open-wire lines y^hich may be switched 
to the long cable circuits. This is because the efficiency 
of the long cable circuits depends upon voice-operated 
switching devices which must not ^ operated by the 
noise currents. This is true also of the intercontinental 
circuits. Extension of the circuits controlled by voice- 
operated devices therefore tends to increase the impor¬ 
tance of good coordination of the entire plant. 


Repeaters and Carrier Systems 

Another important trend of practise is the wide use of 
telephone repeaters, the purpose of which is to amplify 
the voice currents and thus make possible higher 
efficiency and greater extension of long distance tele¬ 
phone circuits. Without repeaters it was necessary on 
the long open-wire circuits to permit the power level of 
voice currents to sink to relatively low values. An 
extreme example of this is given by the NewYork- 
Denver circuit which, before repeaters were available 
for use, had an over-all ratio of output power to input 
power of 8:10,000. With the application of repeaters, 
the level of voice currents can be kept relatively high 
throughout the circuit. 

The use of repeaters thus contributes to redndng 
the susceptiveness of the telephone plant and aids 
coordination. On a circuit such as the original New 
York-Denver circuit a relatively small amount of noise 
current greatly impaired transmission because of the 
weak incoming voice currents. 

A third important trend in telephone practise is the 
extension in the use of carrier telephone systems for 
long circuits and the associated changes in aerial wire 
construction practises. The carrier systems are much 
less influenced by noise induction from power circuits 
because they occupy a range of frequencies (5,000 to 
30,000 cycles) in which the harmonic power voltstges or 
currents ordinarily ar6 extremely small. 

Subsoribers’ Station Apparatus 

To a great extent the trend of development in sub¬ 
scribers' station apparatus is toward new arrangements 
which provide fuller convenience and more closely 
meet the needs of the users, and which have no material 
effect upon the coordination problem. An important 
group of developments, however, centers about the 
improvements in electrical performance of station 
apparatus accomplished by removing impairments 
caused by the earlier types of apparatus. These 
changes, by improving the quality of speech as repro¬ 
duced by the telephone system, tend to make more 
noticeable the impairments caused by the effects of 
currents induced from external sources. 

The tendency toward an increase in the range of voice 
frequencies eflficiehtly reproduced by the telephone 
system tends to increase also the range of induced cur¬ 
rents which may cause noise interference. An extreme 
illustration of this is repre^nted by the circuits de¬ 
signed to transmit programs for radio broadcasting 
stations. Transmission characteristics of these cir¬ 
cuits have been improved to accommodate efficient 
transmission of currents of frequencies ranging from 35 
to 8,000 cycles per second. Thus these circuits are sus¬ 
ceptible to inductive noises over this same wide range.. 

Room noise at subscribers' premises, besides acting 
directly on the ears of the tdephone user, is converted 
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by the transmitter into electrical currents which in turn 
produce receiver noise. Efforts now being mlade to 
reduce these effects inevitably will tend to bring into 
increasing prominence noises caused by induction which 
now in many cases are partially overshadowed by 
reproduction of room noises. 

To offset this tendency, at least partly, steps have been 
taken to improve the degree of balance-to-groimd of new 
station apparatus, particularly in the case of party lines, 

Otoer Items 

Other features not directly associated with these 
tre’hds, and introduced into the telephone plant largely 
bwause of the advantages to be gained in reducing sus- 
cepiiveness to electrical influences, have afforded other 
benefits also. Interesting examples of these changes 
include recent adoption of soldered joints to replace 
twisted sleeve joints and the substitution of copper for 
iron wire on short tributary toll circuits. In toll offices 
improvements have been made in the balance of coils 
and condensers used for superposing telegraph on the 
telephone circuits. The use of repeating coils, com¬ 
monly used for side-circuits, has been extended to 
phantom toll circuits. These coils act as insulating 
transformers to prevent noise voltages from the outside 
conductors being impressed upon the intricate cabling 
and equipment of the office. 

Referring to the local plant, there are several note¬ 
worthy examples of modifications made principally for 
the purpose of reducing susceptiveness. Coordination 
investigations such as were conducted at Minneapolis 
by the joint general committee have stimulated the 
development of means for reducing the susceptiveness of 
the telephone distribution plant. 

With the rapid increase of voltage and capacity of power 
circuits generally, expOTimental studies have been under¬ 
taken to ascertain further means of maintaining the 
safety of .persons working or listening on telephone cir¬ 
cuits. At the present time, development work is under 
way on various devices for this purpose, some of which 
are fundamentally different in design and operation 
from those previously used. It is hoped that these 
devices will afford increased protectionagainstovervolt¬ 
ages and improve coordination and conditions. 

Trends in Power Practise 

Current trends in power system development include: 

1. Interconnection of large systems. 

2. Higher transmission and distribution voltages. 

3. Larger generating units. 

4. Improved system stability. 

5. Control of the effects of lightning. 

6. Underground construction. 

7. Improved wave shape. 

8. Increasing use of automatic devices. 

9. Better frequency regulation, 

10. Better voltage regulation. 


The first three items are likely to increase the number of 
coordination problems and make certain of them more 
difficult; distinct help in reducing the coordination 
problem is afforded by Items 4-7 inclusive; the 
last three may be said to be beneficial but of less 
importance. ’ 

Those trends in power system development which are' 



Fig. 3. Record of a ten years’ growth in mileage 
of long distance telephone toll circuits and 
electric power transmission circuits of 11 kv. and 
higher. Telephone circuit mileage is given in 
millions; power circuit mileage in thousands 

more directly concerned with matters of coordination 
are discussed in the following paragraphs. 

System Voltages 

Statistics show that the rate of increase of transmis¬ 
sion line mileage, as a whole, is lagging behind the rate 
of growth of both installed generator capacity and 
electricity production. Furthermore, mileages of the 
higher transmission voltages (220 kv., 182 kv., 110 kv., 
and particularly 66 kv.) are growing at a? more rapid 
rate than the group average., These comparisons 
reflect the increasing utilization of the higher voltages 
with the greater circuit capacities they provide. 

In the distribution field also, coincident with the 
development of rural service, there is a movement 
toward higher voltages in primary circuits. Voltages 
from 6.6 kv. to 13.2 kv. and higher have been used in 
rural work. In urban areas the high load densities 
encoimtered have brought about replacement of the 
lower by higher primary voltages. In addition to the 
greater capacities provided by the higher voltages, pos¬ 
sibilities of system simplification by combining rural and 
urban systems to eliminate voltage transformations 
are of consid^ble economic importance. 

While at first glance the pronounced trend to higher 
transmission and primary distributiomilvoltages may 
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appear to enhance the difficulties of coordinating com¬ 
munication and power lines, certain ofiEsetting factors 
enter. As transmission voltages increase there is a 
definite trend toward direct croi^country private 
rights-of-way which automatically provide greater 
separation from coirununication circuits. 

In the case of distribution lines, too, the adoption of 
increasingly higher voltages is accompanied by more 
systematic grades of construction and greater clear¬ 
ances from communication circuits. The result of 
course is that fewer abnormal conditions of operation 
occur and the number of related disturbances in the 
communication circuits is reduced correspondingly. 

System Stabiuty 

During recent years considerable attention has been 
paid to the development of methods for improving 
sjratem dectrical stability. One of the most important 
of these methods is the use of higher speeds of switching, 


MILES OF INDUGTIVB EXPOSURE PER 100 MILES OF 
OPEN-WIRE TELEPHONE TOLL LINE 



Fig. 4. Concrete evidence of the beneficial effect 
of the methods developed through the Joint efforts 
of the power and teleplume industries 


—^at present, faults can be cleared in 15 cycles, of less, 
of a 60-cycle wave. So far, high-speed switc^g has 
been applied mainly to transmission circuits. However, 
as development proceeds and cost of equipment required 
is reduced, the field of application of high-speed 
switching may be extended to distribution systems. 
The result in the case of either transmission or dis- 
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tribution will be of course to reduce the duration of 
transients. 

Akin to high-speed switching, the use of high-speed 
excitation of rotating equipment has been developed. 
This may tend to increase the maximum fault-current 
values somewhat, which would make coordination more 
difficult. However, the reduction in severity of in¬ 
stability surges, in so far as such surges involve faults 
to ground, affords definite benefits from the coordina¬ 
tion standpoint. Further study and observations are 
required to determine what, if any, inherent limitations 
or advantages high-speed switching may possess with 
respect to coordination work. 

With the growth in power systems and major inter¬ 
connections, the use of bus or feeder current-limiting 
reactors or other means of limiting the concentration of 
fault-current flow is being given increasing appli¬ 
cation. Such practise acts to restrict the magnitude 
of inductive transients. In distribution systems the 
growing use of feeder reactors has a similar effect upon 
coordination. 

It is predominant practise in America to ground the 
neutrals of transmission systems at important trans¬ 
forming centers, sometimes through resistors or reac¬ 
tors, but usually solidly; thus, a large proportion of 
the transformers of higher voltages now in service have 
insulation between the neutral ends of the groqpded 
windings and the core designed to withstand only the 
neutral potentials produced by fault currents regulating 
through the unavoidable impedance of groimding con¬ 
nections. Economies resulting from this method of 
construction become greater as rated operating voltages 
rise. However, the use of solidly grounded neutrals 
tends to make coordination more difficult in view of the 
possibilities for increased flow of earth currents. In¬ 
creasing study and consideration are being given to the 
use of current-limiting devices in the neutral where the 
characteristics of the apparatus and limitations of 
rela 3 dng will permit such operation. The increasing 
use of neutral impedances and other typfes of current- 
limiting devices aids coordination through reduction 
in the magnitude of abnormal induction. 

Lightning Control 

The major problem of the transmission art at the 
present time is the control of lightning in its effects on 
service. In those sections of the country in which 
lightning is prevalent, this natural hazard accounts for 
a large proportion of transmission circuit faults, ap¬ 
proaching 100 per cent for the higher classes of trunk 
transmission lines. Present measures directed toward 
the control of service interruptions caused by lightning 
include improved application of overhead ground wires, 
improved grounding connections at the supporting 
structures, greater use of wood for lightning insulation, 
the use in shunt with line insulators of fused gaps, or 
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other valve devices to “spill” the sui^ge without djmamic 
current follow-up. There is under consideration also 
the application on grounded-neutral systems of single¬ 
phase switching. All of these measures, with the 
exception of the last, are helpful from the co¬ 
ordination point of view since their effect is to avoid 
or reduce s37stem faults or at least to decrease the 
magnitude of earth fault currents and hence, of the 
accompanying voltages induced in nearby communica¬ 
tion circuits. 

Underground Construction 

Underground construction in distribution ss^stems 
seldom is economical; but it is increasing in high-load- 
density districts and in some residential areas primarily 
in response to requirements for civic improvements 
and the relieving of surface congestion. Coincident 
with the more recent developments in underground 
distribution, certain special situations have brought 
about the development of underground cable suitable 
for use in high-voltage transmission circuits, including 
132-kv. Underground installations involving these 
transmission voltages are comparatively few in number 
and small in extent. Underground construction of 
both distribution and transmission circuits has a 
definitely favorable effect upon coordination problems. 

Abrial cable construction for both distribution and 
transmission circuits has been used to a limited extent 
and has a definitely ben^cial effect .upon coordination 
matters. Whether this type of construction will be 
extended in the future is not evident. 

Grounding of Distribution System Neutrals 

Because of the difiiculties encountered in distribution 
systems in obtaining adequate grounding of primary 
and secondary circuits, the establishment of neutr^ 
networks grounded at many points has become a prac¬ 
tise. In most past cases separate primary and secon¬ 
dary networks have been provided, but recently in 
several localities, the two have been combined into a 
common-neutral arrangement providing increased mul¬ 
tiplicity of ground connections. Wider use of the 
system is probable. 

This common-neutral arrangement introduces fea¬ 
tures of interest from the coordination standpoint, 
because of the increased opportunities for the flow of 
currents through the ground. Experience and investi¬ 
gations so far, however, indicate that with adequate 
attention to coordination, this arrangement is com¬ 
parable in its effect on neighboring communication 
circuits to other types of distribution systems. 

Waveshape 

Connection of primary circuits directly to generating 


station buses results in service and economic advan¬ 
tages through elimination of transformations, thereby 
improving voltage regulation and aiding system sim¬ 
plification. This practise, however, tends to make 
coordination more difficult because harmonics which 
may be present in the generated voltage can flow 
directly out over such circuits. However, the import 
tant bearing of generator and apparatus wave shape 
upon the coordination problem long has been realized 
and is receiving increasing attention. 

It is recognized that there is a median beyond which, 
(to avoid the alternative of applying in specific cases 
available and less expensive methods of externally 
correcting wave shape,) general improvement in the 
inherent wave shape of apparatus would not justify 
the attendant increased difficulties of design and in¬ 
creased manufacturing costs. Looking toward estab¬ 
lishing a measure of wave shape in apparatus design 
which will strike an economic balance between benefits 
and bimdens, work is now in progress cooperatively 
between the manufacturers and the users. 

Inareasing use of rectifiers for conversion from al¬ 
ternating to direct current also has an influence on 
inductive coordination. Study devoted to this matter 
has revealed methods for control of the distortion of 
the d-c. voltage wave caused by the rectifiers, and 
a solution of this part of the problem appears to be 
in hand. Progress in the design and application of 
apparatus, and the better understanding of the 
influence of circuit and transformer connections 
on inductive relations, indicate that problems con¬ 
cerned with wave shape may be expected to decrease 
steadily. 

Conclusions 

In reviewing this subject one is impressed by the 
number of ways in which the coordination problem 
touches both the telephone and power fields, and with 
the very large amoimt of cooperative work which 
already has been done. This work, as has bgen in¬ 
dicated, has resulted in noteworthy progress in the 
satisfactory handling of coordination matters of all 
characters. The situation concerns two industries which 
are in a period of rapid development and change, both 
regards their size and as regards the physical ar¬ 
rangements which constitute their plants. Many new 
developments in each plant require consideration from 
the standpoint of coordination. 

It is evident, ther^ore, that if the groimd already 
gained is to be held,, mid further progress made, the 
channels of cooperation between the two industries 
must be kept in operation for the consideration of new 
problems arising with new developments in the indus¬ 
tries, as weU as for the further perfection of the co¬ 
operative methods of handling existing specific 
problems. 
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Light Beams Operate 
Traffic Signals 

Efforts to perfect automatic devices 
which will give major highways a green 
light at all times except as change is 
actually required by traffic on minor 
intersecting streets now have turned to 
the grid-glow and photoelectric tubes. 
Operating experiences gained from trial 
installations are discussed and equip¬ 
ment features are outlined. 


By R. C, Hitchcock 

Westinghoiise Electric & Manufactuiing Company 
East Pittsbnrgli, Pa. 


T raffic control at inter¬ 
sections of streets carrying light 
traffic with streets or boulevards 
carrying through-city or cross-country haffic presents 
one of the most perplexing problems with which police 
departments and other traffic controlling bodies have 
to deal. The problem is complicated still further when 
it is considered that the ratio of major traffic to minnr 
traffic may vary as mudh as from 8:1 to as high as 50:1, 
or even higher on some occasions, at the same inter¬ 
section. 


Devices employing photoelectric and grid-glow tubes 
actuated by light beams provide automatic adjust¬ 
ment of signal operation to traffic requirements by 
maintaining a green or "go" signal on the major traffic 
street at all times when there is no traffic bn a minor 
intersecting street. 


Devices actuated by traffic on both of the inter¬ 
secting streets are in use in some locations, with no 
special sign^ program. Such equipment must be 
very car^ly designed and frequently inspected, for 
should failure occur In any unit, signals may remain 
as they were at the time of failure. With the major- 
mmor device described here, the failure of any of 
several units causes the vehicle-controlled light-beam 
device to be disconnected automatically, and theregular 
timer motor which is incorporated into the apparatus 
to then control the traffic at the intereection on a 
predetermined cycle. 

As an example showing how, this syston may be 
applied to a typical major-n±ior intersection, assume 
a one-minute traffic cycle with a timing of: 42 sec 
major street green, 3 sec. amber, 12 sec. minor street 
green, and 3 sec. amber. Thus the ratio of green light 
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Fig. 1. Optical systems showing light-beam 
transmitting and receiving apparatus: (jabove") 
second installation; (below) third, improved 
installation 


for major and minor streets is 42:12 or 3.6:1; yet this 
timing is frequently used at an intersection where the 
traffic ratio ranges from 10:1 to 50:1, and where 1,000 
or more cars per hour are passing on the major street. 
The reason for the short major cycle is to allow the 
minor street vehicles to enter the intersection after a 
maximum waiting time of 45 see. All this is done with 
the new automatic controller; at the same time the 
major street is allowed as much more than a 42-sec. 
green-signal period as the minor traffic permits.* In 
addition, after the &st 45 sec. of major street green, 
the minor traffic wait is only about 5 sec., or just long 
enough for the automatic device to function. 

Eaely Experimental Installations 


During the early developmeat work on this ap¬ 
paratus, in order to study the performance of the 
devices under actual operating conditions two trial 
installations were made at minor intersections. 



^ uTms Qt intersection 

Oj minor street with William Penn^Lincoln 
Highway, Wilkinsburg, Pa, 
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In the first installation vertical light beams were 
used; but so much difficulty was experienced with 
grease and dirt falling on parts of the apparatus 
mounted below the street surface that this installation 
soon was discontinued. In subsequent installations a 
horizontal light beam has been used, placed at such a 
height that it can be operated by any t 3 T)e of vehicle 
now on the market. The optical system used in the 
second installation is shown in Fig. 1; as may be 
noted, a lens system focussed an image of the lamp 
filament on the photoelectric cell through a louver. 
This louver consisted of a square, sectional honeycomb 
which passed light parallel to its axis but prevented the 
passage of light entering at an angle of even a few 
degrees. 

Ode interesting problem encountered during early 
experiments was the operation of the signals by cars 



Fig. 4. Grid-glow phototube unit showing sche¬ 
matic wiring diagram and complete assembly 
of device 



Fig. 3. Vehicle intercepting horizontal light 
beam 


making turns from the major into the minor streets. 
Thus a green light would be given to the minor street 
with no traffic waiting for it. This problem was solved 
by introducing a time-delay relay into the light beam 
operating circuit. This relay was timed so as to require 
an approaching vehicle to intercept the light beam for 
several seconds before a change of signal lights took 
place. In this way no change of signal lights such as 
those caused by vehicles making turns resulted from 
momentary interruptions to the light beam. 

Unusual reliability for a device stiU in the develop¬ 
ment stage was demonstrated by this second installa¬ 
tion. After five months' operation only three inter¬ 
ruptions have occurred—two of these due to dirty 
lenses and resulting from the apparatus going on 
"program" operation; and the third due to a loose 
connection which resulted in one relay box being out 


of service for about two hours. Also during this 
period, one of the lamps in this installation for 4)^ 
months burned out and after months one of the 
original glow tubes was replaced. 

Third Installation 

With certain changes as dictated by operating ex¬ 
periences with the second installation, a third set of 
apparatus was built and installed in WiUdnsbimg, Pa., 
at the intersection of a minor street with the street 
which carries traffic from both the William Penn and 
Lincoln highways through the town. This installa¬ 
tion was completed on September 16, 1930. Location 
of the control boxes at this intersection is shown in 



Fig. 5. Rear of reflector unit showing lamp 
mounting, rheostat, and switch 
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Fig. 2. A vehicle intercepting the light beam in one 
set of these units is shown in Fig. 3. 

Fig. 4 shows the grid-glow phototube unit used in the 
third installation. Paraffin-impregnated cork washers 
together with a special clamping device ware found to 
keep’the tube bases free from moisture and dirt. Both 
the transformer and condensers with their associated 
wiring are contained inside of a small casting, as shown. 
The upper panel is made of moldarta and is screwed to 
the casting with a paraffin-cork gasket to keep it 
moisture-tight. The no-load loss of the transformer 
provides sufficient heat to prevent condensation of 
moisture within this casting. In this connection, tests 
were made with the grid-glow phototube unit in a 
humidifier. With the humidity at 100 per cent, water 
was sprayed over the unit several times. Under these 
extreme conditions the paraffin-cork washers and 
gaskets held their seal and the unit operated satisfac- 
factorily for several hours. 

The complete optical system of the third installation 
is shown in Fig. 1. With the exception of the front the 
glass of the phototube is painted black. This keeps 
daylight out of the tube so that with the back of the 
control box open adjustments may readily be made. 
^ may be noted in both Figs. 1 and 4, a shield contain¬ 
ing a small hole on which the light source is focussed, 
is placed in front of the phototube, thereby keeping 
out extraneous light. 


LIGHT 50URCE3 
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Fig, 6, Schematic diagram of latest installation 


Fx^rimental results indicate that a fairly good 
parabolic reflector such as used in this third installation 
is better than any reasonable-priced lens of similar 
ffiametOT as used in the second installation. As a result 
of this improved optical system, lower lamp filament 
currents may be employed; this in turn means longer 
[ife for lamps, A rear view showing the reflector of the 
lamp-umt box may be seen in Fig. 5. The lamp socket 
has two knurled clamp nuts which allow motion of the 
socket in and out, while a large hole in the support 
permits lateral motion. A resistor is provided in series 
with the primary of the lamp transformer so that its 
voltage may be varied to suit. 


Schematic wiring diagram for the third controller is 
given in Fig. 6. As shown in this diagram the major 
street signal is green, the main relay is pulled up, power 
is off the motor, and the brake is on. When a car 
crosses the light beam momentarily as in turning from 
the major into the minor street, the light-controlled 
relays pull up, and the circuit wires A and B of the time- 
delay relay are open-circuited. However, unless the 
car remains in the beam for the specified time delay 
there is no further action in the controller. But if a 
car does wait in the beam for the specified time, circuit* 
A-B remains open, the traffic motor starts up, and the 
cycle begins, giving amber and then green to the minnr 
street. * 

Arrangement of parts in the main control unit, is 
shown in Fig. 7. This view shows the rear of the* box 
at the top of which may be seen some of the time-delay 
apparatus. Of particular interest is the method of 
moimting the grid-glow-phototube unit which can be 
Men at the bottom of the box. 



Fig. 7. Kear of main-control box containing 
grid-glow phototube unit and time-delay 
apparatus 


It is int^ing to note that at the time of writing 
this third installation has been in operation for about 
one month and no service interruptions have occurred. 
By actual timing, the major street has been found to 
receive a green signal for pmiods as long as five minutes 
at times of extremely light traffic on the nninnr street. 

Operations described in the foregoing paragraphs 
have been accomplished purely experimentally; the 
e<}uipment is not available for commercial usages. 
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Conclusions 


In summing up the results so far obtained with these 
devices it may be said that: . 

1. The red light was flashed on the major street 
from 50 to 70 per cent less than when using the regular 
cycle timer. 

2. Glass parts of the apparatus should be cleaned 


about once a month, at which time a routine inspection 
should be made. 

3. Reliability of operation is assured by the 
traflic-timing mechanism incoiporated into the appa¬ 
ratus. 

4. Increased reliability with less frequent inspection 
will result with the use of the longer-life tubes now being' 
made. 


Lackawanna Electrification 
Improves Suburban Service 

Establishing a noteworthy precedent in the railroad world the Delaware 
Lackawanna and Western Railroad’s recently completed suburban electri¬ 
fication places entire dependence upon 3,000-volt mercury arc rectifiers. 
Other features of design include the use of trolley voltage directly across car 
heaters, and general planning of all designs and equipment selections to 
permit extension of electrification throughout the system to serve overland 
freight and passenger trains. 


By Edward L. Moreland 

Follow A. I. E. E. 

Jackson & Moreland, Oonsulting Engineers, Boston 

E lectrification is enabling 

many steam railroads to solve 
problems of handling increasing 
amounts of suburban passenger trafiic, where the bulk 
of such traffic comes in comparatively short morning 
and evening periods. The Delaware, Lackawanna 
and Western Railroad faced just such a problem in 
connection with its suburban lines in New Jersey when 
increasing demands made on these lines by New York 
trafiic necessitated faster, cleaner, and more frequent 
train service. This was possible only through elec¬ 
trification. 

In pursuing the present electrification program all 
designs and equipment selections were infiuenced by 
the ultimate possibility of complete electrification of the 
entire Lackawanna S 3 ^tem, which includes both over¬ 
land passenger and heavy freight service. A novel 
feature of the development is the use of 3,000-volt 
mercury arc rectifiers throughout for train supply. 
These devices have been proved to be lower in first 
cost and higher in opm'ating efliciency at all loads than 
any other type of converting apparatus. 

The present electrification covers approximately 68 
route miles and 158 track miles of line in the suburban 

From *Xackawanna Suburban Electrification/' (No* 31«1S) presented 
at the A. I. E. E. winter convention. New York, Jan. 26''30,1031. 


district west of Hoboken, N. J., and includes the main 
passenger line from Hoboken to Dover (via Newark, 
the Oranges, Summit and Morristown) and the branch 
lines to Montclair and Gladstone. It covers only 
local passenger service except for the eleclaic transfer of 
freight trains between the freight classification yard 
at Secaucus and the terminal pier-head yard in Jersey 
City, adjoining the Hoboken terminal. In the 
passenger service multiple-unit cars are used exclu¬ 
sively, while for freight transfCT service “three-power” 
locomotives are employed. 

Power Supply and Substations 

Power for the electrification is* purchased from the 
three power companies serving the territories in which 
the substations are located, and is delivered ]>y the 
power companies to the five railroad substations in 
the form of three-phase, 60-cycle alternating current^ 
at the voltages available on the power companies’ 
systems in the vicinity. There is no transmission of 
a-c. power by the railroad along the rights-of-way used 
for traction purposes. 

The locations of the substations are shown on the 
map (Fig. 1). Power is supplied at the West End and 
Roseville substations by the Public Service Electric and 
Gas Company at 13.2 kv. and 26.4 kv., respectively; 
at the Summit substation by the Jersey Cenirial Power 
and light Company at 66 kv.; and at the Bmiardsville 
and Dehville substations by the New JaSey Power 
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and light Company at 33 kv. The West End and 
Roseville substations are supplied by underground 
cable circuits and each of the other three substations by 
overhead lines. 

Four of the substations—^namely, West End, Rose¬ 
ville, Summit and Denville—^are at jimction points and 
"an opo-ator will be kept in attendance atall times. They, 
therefore, are not equipped with complete automatic 
control, although many of the functions are automatic. 
The Bemardsville substation is fully automatic with 
supervisory control from the Siimmit substation 13.4 
mi. away. 

Mercury are rectifiers are used exclusively for con¬ 
verting from 60-cyele alternating current to the 3,000- 
volt direct current required for traction purposes. 

A-C. Supply Circuits and Control. A typical sub¬ 
station showing the arrangement and connection of the 


N 



Fig. I. Map of Lackawanna suburban lines east 
of Dover, N. J., showing electrified sections and 
substation locations 


rectifiers and associated apparatus is given in cross- 
section in Fig. 2. A-c. switching structures are of the 
outdoor t3rpe in all substations. 

Connections from the a-c. bus to the rectifier trans¬ 
formers are through oil circuit breakers with instan¬ 
taneous overload protection. The main transformers 
have three-phase delta-connected primaries, with ratio 
adjusters externally operated from the ground, and all 
twelve-phase zig-zdg secondaries are provided with 
protection against overheating. 

At tjie West End and Roseville substations the in¬ 
coming a^.^power feeders are connected to the bus 
through oil circuit breakers and disconnecting switches. 
Both of these substations are equipped with four twelve- 
phase transformers each supplying power to a twelve- 
phase, 3,000-kw. rectifier tank. 

: At the Summit and D^ville substations the in¬ 
coming a-c. power feeders are connected to the bus 
through horn-gap air-break switches. In these cases 
the oil circuit breakers in the power companies’ sub¬ 
stations supply^ the feeder circuits are relied upon to 
clear the asso<^ted circuit in the event of a fault on a 
section the bus. . however, conditions on the power 
companies” ^rstecns dhoUld change so that the present. 

m 


method of operation would no longer be satisfactory, 
provisions are made for later installation of oil circuit 
breakers instead of the hom-gap air-break switches. 
These two substations are each equipped with two 
twelve-phase transformers each supplydng power to two 
six-phase, 1,500-kw.' rectifier tanks. Normally, both 
rectifier tanks of each two-tank unit will be operated 
together; but in event of failure of one tank of a pair, 
the faulty tank can be disconnected by opening dis¬ 
connecting switches provided in the leads to the anodes, 
and the other tank operated alone. 

At the Bemardsville substation incoming a-c. power 
feeders are also connected to the bus through hom-gap 
air-break switches. Normally this station will Ibe 
supplied from one circuit, the second circuit being used 
only in case of failure of power on the first circuit. 
At this substation there are two twelve-phase, 1,500- 
kv-a. transformers, each suppl 3 dng power to a twelve- 
phase rectifier tank. 

In all stations, lightning protection to the a-c, bus is 
provided by oxide film-type lightning arresters. 

D-C. Bus Arrangement and Circuit Control. On the 
d-c. side of each substation, main and auxiliary buses 
are provided, each bus being sectionalized by a dis¬ 
connecting switch, but operated normally with the 
secionalizing switch closed. The d-c. feeders connecting 
the substation bus to the catenary system are controlled 
by high-speed circuit breakers of the magnetic blow-out 
type, with holding coils energized from a storage 
battery. 

In all stations, a lightning arrester of the electrolytic 
aluminum cell ty^e, with balancing resistor and shunted 
spark-gap, is provided on each d-c. feeder and on the 
d-c. main bus. 

Bemardsville Automatic Substation. As previously 
mentioned, four of the five substations are manually 
Oj^rated. The fifth, Bemardsville, is fully automatic 
with supervisory control from the Summit substation. 
Normally power will be supplied to this substation 
over a single circuit, but provision is m§de for auto¬ 
matically throwing over to a second circuit in the event 
of failure of power on the first. Once having, changed 
over to the second circuit, the system does not auto¬ 
matically change back to the first circuit on restoration 
of power on that circuit unless there is a failure of power 
on the second circuit. 

The automatic features provide also that either of 
the two rectifier units may be made the preferred unit, 
and that the second unit will come automatically into 
semce when the load on the firet exceeds a predeter¬ 
mined amount; this second will then drop out automatic¬ 
ally after a predetermined time delay when the total 
substation load drops below a certain amount. The 
preferred rectifier may be kept on the line continu¬ 
ously or the control may be further adjusted to bring 
it on only when them is a load demand on the sub¬ 
station, and to take it off the line after a definite time 
delay when the load has decreased below a predeter- 
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mined amount. In the event of a fault on either 
rectifier or any of its auxiliary circuits, that rectifier 
is automatically locked off the line. If the fault is on 
the preferred rectifier, the second rectifier will take its 
place automatically. 

Signal and Auxiliary Power Supply. In addition to 
the 3,000-volt direct current supplied from the sub¬ 
stations for traction purposes, each of the substations 
furnishes 2,300-volt, single-phase, 60-cyele power for 
signal operation. The West End, Roseville and 
Penville substationsalsosupply 6,600-volt, three-phase, 
60-cycle power for railroad auxiliaries, station lighting, 
and miscellaneous power requirements along the right 
of way. 

Rectifiers. Rectifiers rath^ than motor-generators 
were<«lected for the conversion of the 60-cycle a-c. 
power to 3,000-volt d-c. power because of their rela¬ 
tively low first cost, high efficiency, ability to carry 
heavy overloads without injury, and the economy of 
substation design resulting from the small space occu¬ 
pied and the absence of heavy foundations required for 
motor-generators. Fig. 3 shows the comparative 
efficiencies of 3000-volt mercury arc rectifier sets and 
motor-generator sets of similar capacities. 

These rectifiers were bought under a specification 
requiring guarantee of successful operation in service 
under loads of 150 per cent of current rating (60 per cent 
gverload) for two hours and 300 per cent of current 
rating (200 per cent overload) for five minutes. 

The rectffier tanks are equipped with the usual arc- 
striking anodes, holding (or exciting) anodes, vacuum 
pumps, and gages. The tanks are water-cooled, using 
a closed cooling system with forced circulation under 
thermostat control. The circulating wat^ for each 
rectifier tank is re-cooled in a cooler unit associated 
with that tank somewhat simUar to an enlarged 
automobile radiator using a circulating pump and 
motor-driven fan. Heating elements tmder thermo¬ 
stat control are also provided to prevent various parts 
of the rectifiers becoming too cool when shut down or 
lightly loaded.* 

D-c. smoothing reactors to reduce the ripple in the 


d-c. voltage, and resonant shunts to drain off high- 
frequency harmonics which would cause interference on 
communication circuits, are also provided. Surge sup¬ 
pressors made up of capacitors with limiting resistors 
are provided to protect the transformer secondary 
windings and the interphase transformer windings 
against high-voltage surges. 

The shell of the rectifier tank and some of the asso¬ 
ciated equipment is at substantially cathode potential 
(3,000 volts above ground) when the rectifier isin opera¬ 
tion. This equipment is therefore insulated from 
ground and carefully protected from accidental contact 
while in operation. 

Fig. 4 is an interior view of a substation, showing the 
arrangement of the rectifiers and enclosing grilles. 

In addition to the overload protection provided by 
the oil circuit breaker on the a-c. side of the trans¬ 
former, each rectifier unit is protected by a high-speed 
circuit breaker of the magnetic blow-out t]^ on the 
positive side (cathode connection) and by a similar 
high-speed circxiit breaker short-circuiting a load- 
limiting resistor on the negative side (connection to 
mid-point of the interphase transformer). 

Rectifier Grid ExdtcOion. Aside from the voltage and 
capacity of the units, the outstanding features of the 
Lackawanna rectifiers are the anode grid excitation and 
the automatic compoimding. In addition to the usual 
provisions for shielding the anode from the mercury 
thrown up from the cathode mercury pool by the arc 
stream, each anode is also surroimded by an inner shield 
suspended from a porcelain insulator. This shield 
supports a mesh grid made of special high-melting- 
point metal and mounted just below the face of the 
anode; it is insulated both from the anode and the 
tank case. Voltage applied to the grid ionizes the 
mCTCury vapor near the face of the anode and thus 
assists in establishing the power arc. 

Rectifier Compounding. The rectifier compounding 
circuit is shown diagrammatically in Fig. 5. The 
main power circuits are indicated by the heavy lines 
and the auxiliary compounding circuits by the lighter 
lines. As shown on the diagram the Welve-phase 



Fig. 2. Transverse sectional elevation of atypical Lackawanna substation showing equipment arrangehtent 
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secondary of the main transformer is made up of four 
three-phase secondaries with their neutrals connected 
together through interphase transformers. 

The compounding is accomplished by shunting the 
third-harmonic interphase transformers (which connect 
neutral with and with N^) by means of two 
tuned compounding circuits, each containing a capac¬ 
itor and one winding of a compounding reactor. 
At very light loads the d-e. voltage corresponds sub¬ 
stantially to the voltage of a three-phase rectifier; 
as load comes on, due to the shunting of the third- 
harmonic current from the interphase transformer 
winding through the compounding circuit, the condition 
approaches more and more nearly that of the six-phase 
rectifier, which gives approximately 16 per cent higher 
d-c. voltage with the same a-c. secondary coil voltage. 
The characteristic curve of one of the Lacka.w fl.Tma 
rectifiers when running compounded as determined by 
test, is shown in (a) of Pig. 6. For comparison the 
characteristic (b) when running non-compounded is 
also shown. 

The power factor of the compounded rectifier unit 
including the transformer is notably high, showing 
approximately 96 per cent laggmg at 26 per cent load 
and increasing with load to 99 per cent lagging at 50 
per cent load; at 150 per cent load it leads slightly but 
drops back to 99 per cent lagging at 300 per cent load. 
Due to the fact that they are connected in circuits 
carrying third-harmonic frequency the effect of the 
compounding capacitors on the power factor is greatly 
increased. 

When compounded rectifiers are run in parallel it is 
necessary to provide an equalizer bus connected above 
the compounding reactor as indicated in Figs. 2 and 5, 
in order to assure equal compounding effect and equal 
division of the load between parallel units. 

Multiple-Unit Car Equipment 

The multiple-unit car equipment in the initial 
electrification consists of 141 two-car units, each unit 
consisting of one ipotor car and one trailer car semi- 
pennanently coupled together, with a control position 
and motorman's cab at each end of each two-car unit. 



PERCENT Of RATED LOAD . 

Fig. 3. Comparative efficiencies (including trans~ 
formers!) of (a) D. L. & W. 3,000-volt. 3,000-kw. 
mercury arc rectifiers and (ft) 3,000rku>. motor- 
genefators considered for use in the electrification 
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Fig. 4. Typical rectifier installation 


Trains of from two to twelve ears are made up by coup¬ 
ling units together, the train control circuits connecting 
from unit to unit (and from car to car within the unit) 
by means of jumpers with plug connectors. 

All motor cars are new steel cars, 70 ft. in. long 
over bumpers, seating 84 passengers, and weigh, com¬ 
pletely equipped, approximately 147,000 lb. without 
passengers. All trailer cars are remodeled steel ca rs 
formerly used in steam service. They seat 78 or 82 
p^engers, depending upon the type (except com¬ 
bination baggage and passenger cars and club cars, 
which seat less), are approximately 70 ft. long, over 
bumpers, and fully equipped weigh from 105,000 to 
110,000 lb., exclusive of passenger load. Fig. 7 shows a 
view of an eight-car train made up of four of the two- 
car units. Ah extra express car (not electrified) is 
hauled on certain trains during non-rush hours. 

Motor Equipment. Each motor car is equipped with 
four motors of 235 hp. (one-hour rating) each, the ca¬ 
pacity of the motors being fixed by the requirements of 
local service with frequent accelerations The motors 
are operated with series-parallel connections starting 
with four motors in series and cutting over to two 
parallel groups of two in series as the train comes up to 
speed. All motors, however, are insulated for the full 
3,000 volts. 

The motors are self-ventilated, using a series pull- 
push system. The cooling air is taken in through 
louvers at the top of the car, passes through settling 
chambers over the vestibules, then down throu gh ducts 
built into the sides of the ear and under the car, then 
through flexible “pants-leg” ducts to the motors. The 
air enters the motor at the conunutator end through an 
ehd-ho\Ming connection admitting the air to the arma¬ 
ture inside the conunutator bell. It is sucked through 
the armature by the fan on the pinion end of the motor 
and forced back through the field windings to a dis¬ 
charge port at the commutator end of the housing. 

ElectricaJrEngineering 




Wig, 5. Simplified diagram of rectifier com¬ 
pounding circuit 


per min., and in the event of failure of one compressor 
of a two-unit train, is adequate to supply the total 
requirements of a four-car train with an ample margin of 
reserve. 

Push-button control switches mounted in the opera¬ 
tor’s cabs provide for controlling the pantographs- the 
control circuit, the heater circuit, the main-line breaker, 
the djmamotor, the number and gage lights, and the 
headlights. 

Heaters. Heating on all cars is supplied by totally 
enclosed resistance-type heaters operated under thermo¬ 
stat control and connected in series on 3000-volt 
circuits. The wiring for these heaters is shown in 
Pig. 8 which is a schematic diagram of the entire car 
circuit. On the standard passenger cars the heaters 
are mounted under the seats with 40 heating elements 
in series. The heating elements which are themselves 
totally enclosed and insulated are supported on porce¬ 
lain block insulators mounted in steel cases, so designed 
as to guard fully against the possibility of coming in 
contact with the heating element. The heater cases 
and the conduits leading to them are thoroughly 
grounded. The heater circuit in the trailer car is sup¬ 
plied from its associated motor car by a heater bus 
jumper on the roof of the cars. There is no 8,000-volt 
connection between separate units, each unit being 


entirely independent of the other units in the train 
Hesulfe indicate that this design is effective in keeping except for the control circuits connected through by 
the motor free from dirt and snow without the necessity jumpers undaneath the ears and for the air lines which 
for filtering the air. are ^so connected through. 

Control and Auxiliary Equipment. Each motor ear 
is equipped with two pantographs, only one of which Cak Circuit Protection 

will normally be used at a time. The pantographs 

have four self-alining roller bearings, are spring-raised All car circuits are protected by one main fuse of a 
and air-lowered, and have a working range of from 15 ft. new expxilsion, compression type, mounted on the roof 
6 in. to 25 ft. 3 in. above top of the rail. The standard of the car, and connected directly to the pantographs, 
pantograph has two contact shoes each equipped with The motor circuit is further protected by a main line 
two wearing strips with a grease groove between. For breaks consisting of four magnetic blow-out contactors 
comparative purposes, however, 50 pantographs have in series and an overload relay. All auxiliary circuits 
been provided with single-contact shoes, each with two are fed as a group through a limiting resistor of 1.5 
wearing strips and a grease groove. ohms (which would limit a short-circuit ciirrent to a 

The control system operates at 32 volts supplied by maximum of 2,000 amperes). Each auxiliary circuit 
a storage battery carried on the motor car. This bat- is protected individually by an expulsion fuse, the 
tery also supplies power for lighting both the motor ear dsmamo circuit having in addition a permanent resis- 
and its associated trailer car. A master controller is tance of 18.5 ohms connected in series, 
located in each end of each two-car unit. This control The main fuse has a continuous rating of 30tf am- 
equipment provides for automatic train acceleration of 


1.6 mi. per hr. per sec. The balancing speed of a six- 
car train is approximately 65 mi. per hr. 

A dynamotor (with two windings in series) mounted 
xinder each motor car provides 1600-volt pow«* for 
operation of a 1500-volt air compressor, and also drives 
by direct-shaft connection, a 4-kw. battery-charging 
generator for charging the control and lighting battery. 
The d3mamotor is self-ventilating, taking its ventilating 
air directly from beneath the car through a centrifugal 
air separator. 

The air compressor has a displacement of 36 cu. ft. 



Fig, 6. Rectifier regulation characteristics show¬ 
ing voltage (a) compounded and (Jb) non- 
compounded 
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iwres, or 660 amperes for 30 sec. The dynamotor 
circuit and heater jumper circuit to the trail car are 
each fused for 20 amperes, and the heater circuits for 
8 amperes each. 



Fig. 1. Lackawanna suburban train made up of 
two-car units. Typical overhead construction 
for curved track also may be seen 


lightning protection is provided on each motor car 
by an electrolytic aluminum cell lightning arrester with 
balancing resistor and shunted spark-gap. 

Locomotives 

Two locomotives of the three-power type shown in 
Fig. 9 have been provided for handling the freight 
transfer service between the Secaucus and the Jersey 
City yards, a distance of approximately four miles. 
When on electrified tracks, these locomotives operate 
from the 3,000-volt contact S3ratem, and when on non- 
electrified tracks, on internal power provided by a 
300-hp. Diesel engine direct-connected to a 200-kw., 
760-volt generator supplemented by a storage battery of 
360 cells with a rating of 242 kw-hr. (340 ampere-hours). 
Each locomotive w^ghs 248,000 lb. with all the weight 
on four driving axles, is equipped with four motors of 
400 hp. (one-hour rating) each and has a tractive effort 
of ^,000 lb. Each locomotive is capable of ha-nling a 
train of 2,600 tons, Ming load, at a balancing speed of 
approximately 28 mi, per hr. when operating on ex¬ 
ternal power from the S,000-volt contact system, or at 
approximately 12 mi. per hr. when operating on 
mtemal power only. When ixmning light on internal 
pow^ the locomotive has a balancing speed of ap¬ 
proximately 30 mi. per hr. 

Distribution System 

With two minor exceptions the 8000-volt power for 
operatioh of the tnuns is distributed through the eon- 
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tact system only, without the use of auxiliary positive 
feeders. 

The catenary system is of the tangent-chord type. 
On main-line traclm^ it consists of a composite main 
messenger, an auxiliary messenger and two contact 
wires. The main messenger has a breaking strength of 
31,000 lb. and an equivalent conductivity of 360,000- 
cm. hard-drawn copper. The auxiliary messenger is 
2/0 hard-drawn copper and the contact wires are two 
4/0, grooved bronze wires of 56 per cent conductivity. 
The total equivalent conductivity of the standard 
main line catenary system is 720,000-cm. hard-drawn 
copper per track. On yard tracks and cross-overs a 
lighter system is used with a 7/16-in. bronze messenger 
and a single 4/0, 56 per cent conductivity bronze 
contact wire. 
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Fig. 8. Simplified diagram of car wiring; note 
heating circuits connected directly to 3,000-volt 
trolley circuit 


Catenary Supports. Steel catenary supporting struc¬ 
tures are u^ throughout, except on the branch line 
from Summit to Gladstone, which is a single track line 
on which wood poles with steel brackets are used 
except at special locations where steel structures are 
required. The standard steel supporting structure has 
H-columns and either anH-beamora latticed truss cross 
member, the H-beam being used up to spans of 63 ft. 
and lattice truss for longer spans. On tangent track 
the standard spacing between catenary suppoiHss is 
300 ft. In general the signals and catenary S3^tem are 
supported on the same structures which support the 
catenary, as illustrated in Fig, 10. 

Tie Stations and Catenary Sectionalizing. Except on 
the single track branch line from Summit to Gladstone, 
tie stations (or circuit breaker sectionalizing stations) 
are located approximately midway between substations, 
and ^so at or near the ends of stub-end lines. The 
locations of the tie stations and the distances between 
substations are shown on the map. Fig. 1, already 
referred to. At the tie stations the catenary system 
M sectionalized and all circuits are brought to a common 
biK through high-speed circuit breakers, the holding 
coils of which are energized from the line. With this 
arrangement advantage is taken of multiple feed with 
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reduced copper losses between substations and tie 
stations without sacrificing selective protection of the 
line. All tie stations are largely automatic in function 
but are also under remote or ^pervisoiy control from 
the nearest railroad signal tower. The high-speed 
circuit breakers connected with circuits which are also 
fed at the other end fix>m a substation are arranged so 
that after opening under a line short circuit or overload, 
they reclose automatically as soon as voltage is re¬ 
stored on the circuit (i. e., when the circuit has been 
•energized from the substation end by the operator at the 
substation, reclosing the feeder breaker). On stub-end 
lines which receive poww at one end only, the breakers, 
aftSr opening under short circuit or overload, auto¬ 
matically reclose three times at definite intervals and 
then lock out if the fault has not been cleared. 

The trip points of the high-speed magnetic blow-out 
circuit breakers are adjustable as to current and also as 
to sensitivity to the rate-of-rise of the current. New 



impedance bonds are provided in the tracks at all 
signal locations. At all other points the standard 
track bonding consists of a single 4/0, 8^in., gas- 
welded, stranded-copper, steel-terminal, U-bond at each 
joint on each rail. 

Extensive surveys and tests were made both before 
and after electric operation of ia^ns was begun to- 
determine the points at which there might be danger of 
electrolytic damage to underground cable sheaths and 
other metallic structures, and drainage cables have been 
installed where they were found desirable. 

Where necessary to provide adequate physical clear¬ 
ance, communication circuits located along the right-of- 
way, consisting of the railroad’s communication lines 
and some other telephone and telegraph lines, have 
been moved or put into cables. Inductive interference 
from the d-c. power flowing through the catenary 
system has been practically eliminated by the use of 
twelve-phase rectifier transformers, d-c. smoothing 
reactors and resonant shunts, installed at the sub¬ 
stations. 

The m«v;ury arc rectifiers also cause a distortion of 
the wave form on the a-c. supply circmts, and where the 
a-c. power is supplied by overhead transmission lines 
inductive int^erence in neighboring telephone circuits 
may be experienced unless steps are taken to guard 
against it. This effect can, however, be largely elimi¬ 
nated by proper coordination and transposing of the 
power circuits and the neighboring telephone circuits. 
This has been taken care of by the cooperative effort of 


Fig, 9. Combination trottey-Diesel~battery loco¬ 
motives used for freight transfer 


features of these breakers permit increased flexibility 
in the rate-of-rise adjustment. Means are also pro¬ 
vided for calibrating the breakers with low-voltage 
battery current (maximum, 20 amperes at 12 volts). 

Other Features 

In connection with the electrification program 
a complete change in the signal S 3 ^tem became neces¬ 
sary. The signals and track circmts were formerly 
battery-operated and the signals throughout most of 
the territory electrified were of the old semaphore type. 
All signals in the electrified zone have now ^n 
changed to colored light signals with a-c. track circuits. 
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Fig. JO. Typical overhead construction on a 
three-traok tangent section 


the power companies and the telephone companies. 
No radio interference has been reported. 

This is the first electrification program attempted 
in this country in which the entire power supply for 
tractive purposes d^nds solely on the satisfactory 
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performance of mercury arc rectifiers. Such a project 
would have been impossible of completion in this way 
had it not been for vast improvements in the design 
of these devices which enable them to be built for higher 
voltages and heavier loads than heretofore. These 
advances have been made possible by the intensive 


research and development work which has been applied 
to converting apparatus in general during the past 
few years. The installation of such a system consti¬ 
tutes a bold step forward in the electrification field, and 
its effect on future projects of this sort will be watched 
with keen interest. 


♦ ♦ ♦ 


Your Nimble Servant 
—^the Electron 

A summary of the present scientific 
understanding of electronic theory 
presented briefly in non-technical 
language. 

By Karl Taylor Compton 

President, Massachusetts Institute of Technology 
Cambridge. Massachusetts 

T he electron, as is commonly 
known, constitutes the smallest 
known division of matter. Science 
has shown it to be a peculiar combination of mass 
(minute though it is) and electrical charge, and that its 
inherent characteristics exhibit a singular combination 
of rotation and wave motion. All electrical phenomena 
are directly dependent upon the workings of countless 
numb^ of these infinitesimal'particles. A stream of 
them flowing along a wire constitutes a flow of electric 
current; millions of them boiling off hot metal filaments 
give us modem radio and the talkies; i still more mil- 
; lions of them are active in our luminescent electric signs, 
while television is providing still another job for these 
‘‘nimble servants,” 

In 1899 experiments on the striking luminous and 
electrical effects accompanying the discharge of elec¬ 
tricity through vessds containing' gases at reduced 
'pressure led to the discovery that in these phenomena, 
the primary agent which we now know as the electron 
is a negatively electrified particle 1,846 times lighter 
than the lightest entity then known, the hydrogen 
atom, and hears an electric charge which is a natural 
indmsible unit of electricity. Electrons are affected 
in various ways by a wide variety of agencies, such as 
heat, light, chemical action, and shock. In some cases 
they are ejected from bodies spontaneously; in other 

Froai an address delivered at a spedal session of tbe A. I. E. B. -winter 
ConyeuticHi,^ NewYwk, Jan. 28.1931, 
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cases they are pulled out by intense electrical fields. 
Spontaneous emission of electrons is one of the three 
phenomena shown by radioactive substances, and, it 
occurs in the process of actual transmutation of* one 
chemical element spontaneously to another. 

These properties of the electron were discovered by 
Sir J. J. Thomson and his pupils immediately following 
the year 1899. About 12 years later Millikan and his 
pupils made much more accurate measurements of the 
magnitude of the electric charge on an electron. As a 
result of this work it may be said truly that although no 
one ever has seen or ever will see an electron, and al¬ 
though it is the smallest charge and has by far the small¬ 
est mass of anything which is known, nevertheless its 
mass and its charge have been measured experimentally 
with an accuracy far beyond that with which materials* 
ordinarily are weighed or measured. 

Magnetic Properties 

Light produced by the motions of electrons in atoms 
has been found to be affected in a peculiar way by the 
presence of a magnet. By means of a magnetic field 
the light which may be given out at a certain definite 
wavelength and appear as a certain definite color or line 
in the spectrum may be split up into several compo¬ 
nents, some of longer and some of shorter wavelength, 
and having peculiar properties of polarization. This 
effect is so small that it can be observed only under the 
influence of powerful magnetic fields; and even then it is 
so small that it must be examined with a magnifying 
glass. This phenomenon is known as the “Zeeman 
effect.” It has led to the proof that an electron, 
besides being an electric charge, also is a tiny magnet 
of perfectly definite strength, and that therefore the 
electron may be oriented one way or another by the 
application of a magnetic field. 

Magnetic effects are produced, of course, by electric 
currents and any circuit in which an electric current is 
flowing behaves like a magnet. This suggests that 
every electron is really a tiny dectric circuit; or, in 
other words, that.it consists of a rotating or revolving 
electric charge the revolution of which is equivalent to 
a current in an electric circuit. This suggests that the 
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electron is a spinning electric charge, and therefore that 
in addition to having mass and electric charge, it has a 
definite magnetic moment and an angular momentum. 

Wave Peopbrtibs 

The electron also has the properties of a wave. 
The phenomenon of int^ference is widely known as 
characteristic of all types of wave motion, including 
light, heat, ripples, elastic vibrations, ra^o waves, 
,and similar phenomena; but G. P. Thomson, son of 
Sir J. J. Thomson, was the first to show that when 
electrons pass through tiny apertures, there are phe¬ 
nomena of interference exactly similar to the phenom¬ 
ena of interference occurring when light passes through 
similar small apertures. This is perhaps the most 
striking demonstration of the fact that an electron 
has the properties of a wave. The same conclusion 
had been reached by a different interference phenomena 
a short time earlier by Dr. Davisson and Dr. Germer 
of the Bell Laboratories. 

This wave nature of the electron is of a peculiar kind, 
in that the wave appears to be associated with it, 
directing it in its motion. There is a sort of indeter¬ 
minism in the motion of any individual electron, but the 
probability or statistical likelihood of definite direc¬ 
tion of motion can be determined from the properties 
of thp wave which is associated with it. The wave 
furthermore has the peculiar property of a wavelength 
varying inversely as the momentum of the electron. 

Current Flow Explained 

Long before the existence of electrons was suspected 
it was found that the amount of current flowing in any 
given metallic circuit was exactly proportional to the 
voltage. This is the relationship as stated in the 
familiar Ohm’s law. From the scientiflc standpoint 
it has been of great interest and tmtil recently, a great 
puzzle as to just what determined this -proportionality 
between current and voltage. According to the 
presently accepted ideas the more loosely bound elec¬ 
trons in the atoms which make up the metal are, imder 
the influence of neighboring atoms, detached from, their 
original parent atoms and are free to move somewhat 
at random throughout the metal. This motion is 
governed in part by temperature, since, on the average, 
the higher the temperature the more rapidly these 
electrons will move. The motions of the Sections are 
not all alike in velocity or direction, but are distrib¬ 
uted at random according to a certain law of prob¬ 
ability given by what is known as the Fermi statistics. 
These electrons are interfered with in their motion in 
various directions by collisions with each other or with 
atoms. When a voltage is applied, however, there is a 
constant force impelling them on the average to drift 
in the direction of the voltage, and it is this drift which 
constitutes the electric current. 


In the earlier theories, the collisions just referred to 
were conceived of as if with atoms which behaved like 
hard, resilient inheres; but this was obviously too crude 
an approximation to fit the facts; an apparently satis¬ 
factory picture is the recent one credited to Sommer- 
field and his pupils, according to which the motions of 
electrons in metal are govM'ned by the interference of 
their waves in passing through the lattice-like structure 
of the atoms. According to this idea the deflection of 
an electron at collision means simply that the electron 
wave has been bent or diffracted out of its original 
path. 

All this has brought about a very close analogy 
between some problems in electrical conduction and 
some problems in the propagation of light; and under¬ 
lying this whole subject is a new branch of mechanics 
called “quantum mechanics.” According to quantum 
theory, mechanical, or electrical phenomena involving 
particles of electronic or atomic dimensions have to be 
treated by “wave mechanics,” whereas phenomena 
occurring between larger bodies of a tangible size are 
treated by the ordinary electrodynamical methods; in 
other words, ordinary electromechanical concepts rep¬ 
resent the spbeialfoim which the quantum mechanics 
takes when applied to large bodies. 

Electron Motion in Gases 

Conduction of deCtricity through gases, which was 
the phenomenon that originally led to the discov«y 
of the electron, still supplies po’haps the most com¬ 
plicated and intriguing problems in electricity. In 
such phenomena there must be considered the electron 
which is moving rapidly imder the influence of the 
applied voltage and making frequent collisions with 
gas molecules; there must be considered also the 
heavy positive ions which result when electrons are 
knocked out of molecules, and which move relatively 
sluggishly in the opposite direction. Due to concentra¬ 
tions of one or the other kind of these electric charges 
in different parts of the gas, there is produced a very 
irregular distribution of the voltage through tho gas, 
which accounts for some of the striking optical and 
electrical peculiarities of gas discharges. 

Another peculiarity of dectric currents in gases is 
that as the current increases, the resistance of the gas 
decreases. Because of this fact electric currents in 
circuits containing a path through a gas show many 
remarkable peculiarities> such as electric oscillations 
and discontinuous changes. Familiar forms of these 
phenomena include sparks, electric arcs, and the great 
variety of sign-lighting devices, such as neon tubes and 
mercury arcs. Lightning and aurora borealis are 
examples of such currents in cosmic phenomena. 

Another interesting phenomenon is the thermionic 
emission of electrons. As already mentioned, the 
average ^eed of electrons in metals is controll^ by 
the temp^ature of the metal, and if this temperature is 
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raised soffidently high an appreciable proportion of the 
electrons which strike the surface of the metal from the 
inride will be moving fast enough to escape entirely 
from the surface in spite of forces which tend to pull 
them back. It is these evaporated electrons which 
constitute the electric currents in radio tubes. There 
the hot filament is the source of electrons which are 
evaporated into the surrounding space and are drawn 
to the plate subject to the controlling action of the 
voltage impressed upon the intCTvening grid. 

Electrons Respond to Light 

When light, particularly ultra-violet light, falls upon 
metals, electrons may be ejected from the metals. 
The stronger the light the more electrons are ejected; 
and the shorter the wavelength of the light the greater 
the velocity with which they emerge. This phenomenon 
was accidentally discovered nearly 50 years ago, 
although its exact nature was not then understood. 
One of the most important contributions which Ein¬ 
stein has made to science was brought out in 1905 in his 
application of the quantum theory to explain the rda- 
tion between the wavelength of the light and the 
velocity of ejection of the electron. 

At the present time these so-called photoelectric 
currents are perhaps the most sensitive means in exis¬ 
tence for the detection of light. They are used in stellar 
photometry and are the heart and soul, so to speak, of 
all television apparatus. This photoelectric phenome¬ 
non, too, is capable of a great variety of applications. 
For example, it permits electrical reristration to be 
made of visitors entering a door; it permits automatic 
sorting of cigars, fruit, cloth, or other objects according 
to color; it enables the U. S. weather bureau to make a 
continuous riectrical record of the brightness of sun¬ 
light; it performs innumerable important laboratory 
functions. 

The Electron in Chemistry 

A. most interesting series of lectures was delivered at 
the Franklin Institute in Philadelphia a few years ago 
by Sir. J. J. Thomson concerning the electron in chemis¬ 
try. It has become evident now that the so-called 
“chCTucal forces" or valence forces which the ohftmigf 
has used to account for the riicMug together of atoms to 
form all the multitudinous varieties of molecules are 
: nothing more or less than electric and magnetic forces 
eristing between atoms and caused by the space dis- 
Iribution motion of electrons. Thus the whole field of 
cheinistry on the interpretive ride is turning into a study 
of electronic effects. 

Ohe of the most effective wa^ to investigate any ob- 
je^ which camiot be seen or handled is to stir it up in 
^ihe wmy ihen fay to observe and interpret what 
h^ppen^; this is exactly the process of reseaiuh in 
modem ^imc and interpretive chemistry. 


Atoms and molecules can be stirred up in a variety of 
ways—^by heat or by electrical currents. Emission of 
light is the most frequently observed result of such agita¬ 
tion and from a spectrum study of that light it isposrible 
to infer a great deal as to what went on in the atoms and 
molecules themselves. Inprinciplethismethodhasbeen 
the basis of allpresentknowledgeof thestaructureof atoms 
and molecules and the fundamental electrical nature 
of matter. 

Fundamental to, and inherent in, every aspect of 
mechanical and electrical properties of matter, there is 
the electron—always present and always active, and 
thus justifying perhaps the title of this article, “Your 
Nimble Servant, the Electron." 


♦ ♦ ♦ 

Reducing Noises 
From Power 
Transformers 

With a view to their reduction, objec¬ 
tionable noises have been under investi¬ 
gation in various parts of the country 
during the past few years. In line 
with such work, thoughtful attention 
is being given to the reduction of un¬ 
necessary noises in electrical machinery 
and apparatus. Causes of transform r 
noises have been determined and to¬ 
gether with means suggested for control 
are described here. 

By jR. B, George 

Member A. I. K. S. 

Westinghouse Blectric ^ Manufacturing Company 
Bast Pittsburgb, Pa, 

V IBRATION is the chief cause of the 
noises emanating from power trans¬ 
formers, since rotating parts, the 
most prevalent sources of noises in all Ttiari hinfts, are 
completely absent. Electiomagnetic pulsations set up 
by the alternations of the current in transformer wind¬ 
ings give rise to mechanical vibrations. An impulse 
from each, half-cycle of this current causes; a funda¬ 
mental frequency of vibration double that of the circuit 
in which the transfOTmer is connected. Thus the 

Prom ‘Tower . Transformer Noise, Its Oharacteristiqi and B^uction'^ 
(No* 30«178), presented ftt the A, I, B, B; Southern Oistrict meeting 
Louisville, Ky., Nov, 19-22. 1930. 
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fundamental frequency of vibration in a 60-cycIe 
transformer would be 120 cycles per second. These 
vibrations usually originate in the core-and-coil struc¬ 
ture and are transmitted by the oil to the tank wall 
whence they are passed on into the outside air. Result- 
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PERCENT RATED VOIXAGE 

Fig, 1. Effect o/vottage variation upon amplitude 
of transformer tank-surface vibration 

ing sound emission is in the nature of a continuous hum 
of comparatively definite pitch and in most cases 
extremely annoying. 

Results of a theoretical investigation made to deter¬ 
mine the different force components in transformers 


s be set to eliminate all but a certain frequency. The 
i noise to be analyzed is picked up by a microphone and 
■ passed through the filter circuits. The setting of the 
I fflter-circuit condenser indicates the frequency of the 
• sound measured, and a meter indicates in djmes per sq. 
cm. the intensity of the sound at that frequency. 

For comparing sounds with reference standards; this 
analyzer is independent of the human ear and therefore 
leaves nothing to the personal judgment or imagination 
of an individual listening to a telephone receiver. When 
it is desired to measure mechanical vibration, a cali¬ 
brated phonograph pick-up is substituted for the 
microphone; then the sound analyzer can be used to 
measure the frequency and amplitude of vibration. 

Vibration amplitude and frequency measurements 
were made on the tank surfaces and core-and-coil parts 
of a number of representative sizes of completely as¬ 
sembled transformers at no-load and at different voltage 
values. These tests were to determine the effect of line 
voltage regulation on the amplitude of vibration and 
the correq)onding sound intensity. Fig. 1 shows some 
of the results of tests on a large transformer at the 
elevation of the centm* of the core; locations of the 
points are indicated on the plan view at the upper left 
hand comer of the figure. These curves are approxi¬ 
mately straight lines, indicating that the vibration 
component due to voltage regulation can be considered 
directly proportional to the per cent change in line 
voltage within the operating range of the transformer. 
The ratio varies with different designs but is usually of 
the ord«- of 30 per cent change in sound intensity 


which might cause vibration show that: 

1. The force between the winding and the core is an attractive 
force, but when solid insulation is wedged in between the coils 
and core, this force is not serious. 

2. There is an attractive force which acts at each joint of 
the core and tends to make the iron circuit continuous; tUs force 
is directiy proportiojial to the cros'a-seotion area and to the square 
of the magnetic density. 

3. There arejbetween parallel laminations of the core, forces 
of repulsion arising from like poles induced in adjacent ends of 
parallel laminations. 

4. There axe electrodynamic forces between the coils. These 
forces are attractive between coils of the same winding and 
repulsive between coils of different windings. They are pro¬ 
portional to the square of the ampere-turns per group. 

In addition to the forces just enumerated, metal 
plates, tie rods, radiator tubes, structural steel parts, or 
other members, may be resonant and serve as unex¬ 
pected sources of noise which are sometimes exceedingly 
troublesome. Poww transformers having tanks with 
large areas exposed for radiating sound, however, 
usually have natural periods ofvibrationbelowfiOcydes. 

To deal effectively with the noise problem, the sound 
analyzer developed by J. P. Foltz ("Study of Noises in 
Electrical Apparatus" Tbans. A. I. B, E., July 1929) was 
used in these investigations. The insfrtiment consists 
principally of amplifiers and filter circuits which can 
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Fig. 2. Effect of toad current upon amplitude of 
transformer tank-surface vibration 

for 10 per cent change in primary voltage at, no-load. 

Tests were made also on the core-and-coil parts of 
transformers to determine the characteristics of those 
parts which act as sources* of noise due to load currents 
in the windings. These tests were made .with one 
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transformer winding short-circuited and suflScient 
voltege impressed on the other winding to obtain the 
desired values of load current. Vibration amplitudes 
and frequency measTirements were taken for each load. 
There were similar tests on completely assembled power 
transformers • where surface vibration measurements 
were made also on the tank and other exterior surfaces. 
Results of tests on one of these transformers are shown 
in Kg. 2. Measurements were taken at four representa¬ 
tive points at different elevations on the side of the 



w^ found to be 1.142 dynes per sq. cm., the minimum 
0.48, and the maximum 2.06. This results in a maxi- 
mum-to-minimum ratio of 4.3 to 1. Reflections from 
the substation building and the neighboring garages 
are evident, as is also the effect of wind, in the upper 
right hand comer of the figure. Both transformers were 
large three-phase units, carrying at the time of test 
about 84 per cent rated load at about 97 per cent rated 
voltage. 

Fig. 4 gives another interesting illustration of the 
effects of the acoustic conditions at the substation; a - 
smooth-finish, plastered wall was located diagonally 
as shown on the upper side of the figure and a 
hard wall of steel plates was located symmetrically 
on the opposite side of the transformer. The inner 
curve shows the distribution of vibration of the tariir 
wall at 120 cycles; the outer curve shows the distribution 
of the intensity of sound at 120 cycles and at a distance 
of 42 in. from the tank wall. Both curves are plotted 
in modified polar form with reference to the tank wall. 
The average 120-eycle intensity was observed to be 
0.885 dynes per sq. cm., the maximum 0.686, and the 



Fig. 3. Intensity distribution of llO-cycle sound 
moMur^. at prints 20 ft. from transformers. 
Ructions from nearby buildings and effect of 
wind may be noted 

tranrformer. It may be observed that the amplitude 
of 'dbration varies approximately as the square of the 
load current. 

Results of frequency ai^yses at the points of maxi¬ 
mum amplitude of vibration observed on the load and 
voltage tests showed that different harmonic frequencies 
were 'present under both sets of conditions. All of 
these harmonic frequencies were dfect multiples of the 
eo^ycle power frequency. However, vibration ampli¬ 
tudes at frequencies above 120 cycles were usually so 
small as to be negligible. The test range irr»h Td e d 
frequencies up to 8,000 double vibrations per second, 
but no vibrations were noted at frequencies above 600 
cycles. 

Another investigation was made to determine the 
distnbution of sound at 120 cycles measured at a 
distance of 20 ft. from the transformers at the substation 
shown m Pig. 3. Since there are two transformers at 
this station, lines were drawn between them, and the 
resultmg area treated as the noise source. The curve 
IS plott^ in modified polar form with reference to the 
ta^ ^ and the two connecting lines described above. 
At a distMice of 20 ft.-, the average vibration intensity 
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Fig 4. Curves showing the effect which enclosing 
walls have upon the intensity distribution of 
120-cycle sound from a transformer 

S^t^ 0.31, giving a maximum-to-minimum ratio 

Conclusions 

Th^ surveys mark an important advance in the 
^owledge of powOT transformer noise characteristics 
jnd mgnitudes. The sound intensities are not uni- 
fom m all directions, the acoustic conditions at the 

The very nature of a transformer makes it always 
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produce some hum, but for operation near hospitals 
or in residential districts this Ixum can be reduced by 
the following expedients: 

(1) Using additional iron in the core in order to secure low 
magnetic density. Ttiis also means additional copper and a 
more expensive transformer. 

(2) Stiffening the bracing and supporting parts to reduce 


vibration and in some cases adding damping devices to change 
the natural period of vibration. 

(B) Adding cushions or padding between parts of the trans¬ 
former. 

(4) If sufScient area is used to prevent crushing, cork pads 
can be used under transformer tanks in indoor vaults. Arbors, 
hedges, shrubbery and trees are very effective for absorbing 
sound from outdoor substations. 


What of 
Surplus Power? 


Surplus power, natural by-product 
of the electric service industry, should 
be developed and utilized in Industrial 
processes under a definite program. A 
plan is proposed whereby the useful 
output of existing electric generating 
equipment may be increased as much 
as 30 per cent; improvement resulting 
in system load factor would permit 
economic construction of plants still 
more efficient, thus contributing con¬ 
structively to the cycle. 

By Farley G. Clark 

Fellow A. I. E. B. 

Consulting Bnglneor 
Toronto, Ontario 

ANY ATTEMPTS have been 
made to dispose of seasonal and 
, off-peak power, but thus far the 

only reasonably successful scheme brought out is int«r- 
coimection. This plan, however, reacts more toward 
the saving in reserve generating equipment than in the 
transfer of energy. The proposal for the utilization of 
surplus power as introduced in this article differs from 
others in that the rate of power supply is under the 
control of the power company, and as the total system 
load demands can be varied at will. Smplus power can 
be used in this way for a number of electrochemical and 
electrothermal processes and will result in markedly 
reduced costs for a great many commodities. For 
example, it is possible to manufacture illuminating gas 
at a cost that would compare favorably with the cost of 
natmal gas at the end of a long pipe line. 

For the purposes of this article, surplus or off-peak 
power will be defined as all power producible from the 
serviceable capacity of geuOTating equipment that is 
not required to meet all other demands. The part of 


this suiplus required for the proposed disposal is that 
portion which would resxilt from the daily generation of 
a quantity of the surplus energy agreed upon as being 
available and usable. 

Before the proposal has value, the utilities must agree 
that they have and long will continue to have this spare 
capacity available. They must assure themselves that 
the shape of the annual load-duration curves, which has 
not changed materially during 30 years except as to 
growth upward, is not likely to change its characteristic 
shape during the next 20 years. They must be assured 
that the day of maximum output, which is the main 
limitation, will continue to have the characteristic load 
curve which has been typical of the past 20 years of 
growth. 

To avoid complications hydroelectric power is elimi¬ 
nated from consideration. Whenever kw-hr. can be 
stored in a reservoir the proposal is not attractive; but if 
steam reserves are needed, the situation becomes 
favorable, 

.Possible Rate Reduction 

This siuplus obviously is nothing but a potentiality; 
it is not demanded and it cannot be sold under existing 
terms and conditions; or if it is to be sold or proiQtably 
used, the terms must be modified to meet the new 
conditions. In fairness to the utilities, howevm*, it will 
be necessary to state that never before have they been 
called upon to deal with the matter in any like manner 
or under the conditions proposed in this discussion. 

If assumed premises ^ right and the conclusions are 
in accordance with the facts, the price of this surplus 
energy can be made sufficiently low to attract the 
attention of many possible users most of whom cannot 
avail themselves of it without becoming purchasers of 
quantities of the regular high-priced product. The 
proposal holds out no hope for an early reduction in 
standard rate schedules, a general reduction* of which 
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PERCENT STSTIM CAPACITY 


Will come when the use of this surplus has so increased 
the capacity-use of equipmeht that more efficient and 
cheapOT generating plants can be built. 

During the early stages of development, it is essential 
that every cost advantage maturing in favor of the 
surplus generation should be accredited to it. For 
eicample, assume that a purchaser of surplus energy asks 
for 192,000 kw-hr. per day on a 20-year contract, and 
will allow the utility to vary at will the rate of delivery 
between 0 and 10,000 kw. Nine out of ten utilities 
having a maidmum yearly peak of 100,000 kw. or more 
can meet this requirement and establish a new incre¬ 
ment fuel rate about 5 per cent lower than their normal 
rate. 

Some advantages of this plan are: 

unnecessary to operate or maintain reserves 
TOthm the capacity of the superimposed load. It is obvious 
toerefore, ^at no part of the generating plant capital is involved 
in tile supply of this surplus energy. 

^ repla-ble means would be provided for setting the total 
stSitiOli load nearer to the point of greatest economy. 

3. A means would result for absorbing the fluot^tions of the 
normal load. 

4. The load factor of the system would be increased 

The acti^ cost of this energy, when, as, and if 
generated, is the total production cost for any given 


period less the estimated cost during the same period 
for the other or normal load. There may be some 
difficulty in devising an accounting system to satisfy 
pubhc service commissions, although it is expected to 
indicate coste which will provide sufficient latitude for 
the satisfaction of all concerned; 

SuEPLus Power Now Available 



total station l oad 





Magmtude of the proposal can best be appreciated by 
calling attention to a few statistics for 1930 and esti¬ 
mates for 1940 with the trend discounted by reason of 
the existing depression. 

According to statistics, there was installed in 1930 in 
the United States, a total steam-electric generating 
^P^ity of approximately 30,000,000 kw. in stations 
having a yearly output of about 60,000,000,000 kw-hr 
Dunng the period from 1900 to 1930 the maximum-load 
demand has increased seven times and the annual power 
output eleven times. On the basis of these facts it 
seems reasonable to predict a total installed steam- 
dectnc generating capacity of at least 45,000,000 kw. 

by 1940, and an annual power output of 100,000,000,000 
kw-hr. 

According to the calculations upon which this pro- 
is based, surplus power could be produced profit¬ 
ably on the basis of an annual output of at least 30 per 

means an output' 
statistics, and 

30^000,000,000 kw-hr. based upon 1940 predictions. 

Table I giv^ data for a suggested annual distribution 
of load by which this 30 per cent of surplus power can 
be fished. Resulting improvement in load factor 
also IS shown. It may be noted that according to this 
^t-up the power is made available for 8,640 hr. out of a • 
total of 8,760 hr. in the 366 days of a year This 
arrangement pro^des for shutting down the suiplus 
powCT supply during very high peak loads so that the 
maximum demand on the system is not increased. 

TABLE I—SUGGESTED DISTRIBUTION OP LOAD POB 
__gggNISHINO 30 PBB PENT SUBPLUS POWER OUTPUT 


Annual 

Sendee 

jioiurs 


Surplus 

power 

output In kw. 


Annual 

service 

hours 


Surplus 

power 

output In kw. 





1st 5 per cent.8,540 . 360 onn q kaa — 

2nd 6 per cent.... .8,822..' iaso.’soo.' 8322 ''" ’ ’' 

5 per cent.... ,7.708..... .7 708 ‘ IS 

6th 5 per cent.6,746... 4 B 3 ^nn .."ol»040 

Nonna! load factor.;... i .0.225 ' »♦♦».... , , . 815,390 

Load factor with 30 .. *0.264 


TNOOSAND3 OF HOURS 


a 8.76 


per cent surplus 

POVer...0-268. 


h annual curves showing 

^ethod of superimpoHng ‘'surplus'^ load upon 
slatmn load without increasing station 
demand 


'“.S would be 


Electrical Engitieerihg 

































I 

■I 


PEAK LOAD f SURPLUS. 

I 




,JlgiiL__ 



IBEBI 


WEEKsurplus LOAD 



iiiBBBlilii 


'B—bbbbbi 



a 10 12 


^ B to fl 
PM 


2. Typtcat dUMbutUm of annual system 
p^k load among system generating stations 
showing method of carrying ‘•surplus" load in 
addition 


among the various generating stations of a typical 
system, and also the cutting off of this load dming 
sj^^ peak hours. The greater part of the surplus 
will be funded from the most efficient apparatus 
whose capacity factors will be materially increased. 

Base-load apparatus now operating at from 50 to 60 
per cent load factor then will operate at from 70 to 80 
per cent, a loading that will make it possible to revolu¬ 
tionize the design of generating plants. There will be 
no question about the advantages of high pressures and 
tenapCTatures, steam extraction and reheating, and the 
leviathan prime movers no longer will be needed to save 
^ace and meet the conditions of variable load. This 
should make it possible to standardize the generating 
^uipment and promote quantity production with a 

tremendous saving in development costs. 

It is posable to forecast generating plants of relatively 
simple design with one steam generator for each prime 
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mover and with most of the equipment in the open air. 
It IS re^onable also to anticipate the use of the double 
thermodynamic cycle. The mercuiy boiler and turbine 
may no longer be a curiosity and there may be competi- 
tion from other high-boiling-point liquids having 
suitable vapor tensions. 

1 remember the "modern'’ power, 

plants of 1900 with its wonderful performance of 4 lb. 
of co^ per kw-hr., and who know that during the last 
decade the c^ rate of the latest equipment has dropped 
from 2 to 1 lb, per kw-hr., will not condemn the su^es- 
tion that it may be 0.6 lb. per kw-hr. by 1940. 

Production Cosib 

Relative to what this surplus energy will cost, it is 
but fair to state that several compKcations are to be 

hundreds of computations, 
some of which are based on most rehable data, compels 

^ similar 

results. The best that can be done is to portray what 

IS considered to be an average. Systems most favorable 
to the smplus load have costs averaging lower, and 
^ have costs higher than those to 

first 5 per cent addition of 
s^lus will produce the greatest immediate saving, also 
that the saymg will increase proportionally with an 
mcr^ m the cost of coal. Additional increases in 
s^lus load poduce less and less saving until a point 
is reached where by reason or lower capacity-use the 
m(^e m the cost of fuel offsets the efficiency increase. 

^ttmg the pictorial method used in dealing with a 
matter i^uinng knowledge of many local conditions for 
any real accuracy, what are considered to be average 
costs are tobulated for the 18,000,000,000 kw-hr. avail- 
® 30,000,000,000 kw-hr. to be avail¬ 

able m 1940. Assumptions upon which Table II is 
based are as follows: 

1. Coal of 13,000 B. t. u. per lb., at $4.00 per ton, 

2 . Coal cost is 80 per cent of the total production cost. 

!’ “ 110 per cent of the production cost. 

loiS. “ credited to the bioXb 

5 . Charges for capital are omitted. 

TABM II—ESTIMATED COST OF SURPLUS POWER COST IN 
mills per KW-B®. 


Surplus 

Ist 6 per cent. 


2nd 6 per cent.... ‘ *•♦••• v * * * • *..0,25 

3rd 6 per cent. ..*.0,35 

4th 5 per cent....... •... ..0.50 

5th 5 per cent,.i.« a.. 

6th 5 per cent... .... 


for 30 per cent.. 1 


•Ajisuming that this portrayal will appear incredible 
matters may as well be made worse by suggesting that if 
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by 1940 there is in use some 5,000,000 kw. of double- 
cycl^ap^aratus, the first 10 per cent addition of surplus 
will be free of cost, and the average cost for the 80 per 
cent surplus will be less than 0.5 mill per kw-hr. It 
^ould be pointed out that there is a somewhat perplex¬ 
ing question regarding fixed charges for new and 
possibly more expensive equipment, such as the mer¬ 
cury-cycle boiler and turbine. This more efiicient 
apparatus might be warranted by the surplus, but not 
by the normal load. Some attempt has been made to 
allow for this in the table of costs. 


found to adapt many more processes to its use—^at 
least to some extent. 

Electrolytic cells for the decomposition of water by 
electric current have been in use for many years. There 
are several types that wUl meet the technical require- 
meiits of intermittent and variable use of energy.. In 
addition, there is reason to believe that salt cells equally 
suited to the use of off-peak power will be available 
shortly. From an economic point of view, first cost 
and maintenance are of great importance and this 
narrows the choice of types of cells. However, a careful 


How StmPLus Power Can be Used 

As previously mentioned, this proposal is based upon 
the absorption of surplus energy in electrochemical and 
electrothermal processes. Electrochemical processes 
v^l coine first since they are adapted to the requirement 
of regulation and of intermittent use. Electrothermal 
processes are best adapted to the use of night and weak¬ 
en power. There are but few electrochemical proc¬ 
esses now capable of adaptation to this kind of use and 
only one of them is immediately ready. There is much 
to wa^ant the expectation that when the advantages of 
this cheap power become well known, a iway will be 



survey of all types of cells capable of using off-p^k 
power leads to the conclusion that water cells will be of 
greatest value, salt cells next in value, and that tliere 
are other possibiKties relating mostly to the electrolysis 
of organic compounds. 


Cost op Many Products Reduced 


Without reaching very far into the field of synthetic 
chemistry and by just touching upon the metallurgical 
possibilities, a hasty survey reveals some of the possibili¬ 
ties, for it is certain that no matter how great the 
quantity nor how cheap this surplus energy may be, it 
will not be used unless profit results. Assume that the 
materials of manufacture available are air, water, coal, 
salt, oil, off-peak energy, and energy at standard rates! 
As products then: 


X. cau oe ODtamed Irom air by burning out the 

oxygen, with hydrogen. 

2 . Water and off-peak energy will produce hydrogen and 
oxygen. 

3. Item TOal will be obtained pure carbon, carbon monoxide 
tmd carbon dioxide. By use of the coke oven, coke and many 
hydrocarbon by-products can be made. 

4. SaJt and off-peak energy will produce chlorine, caustic 
soda, and hydrogen. 

6 . Item oil, gas and many hydrocarbons can be manu¬ 
factured. 


Well-known chemical processes and usable catalytic 
reactions are available to convert these materials into a 
VOTety of products which can be used in the district in 
which they are made. Many of these dependent indus- 
tnes will be new to the district, bringing to it an increase 
of population; all will require more or less power at the 
standard rates. 


The 1^ of products possible of manufacture is too 
formidable to be reproduced here; by way of illustra- 
taon ody a few are mentioned. Costs given represent 
the total estimated manufacturing costs: 


1. Hydrogen at 20o. per M. cu. ft. 

2. O^gen at 20o. per M. cu. ft. 

3. Nitrogen at 15c. per M, cu. ft. 

4. Carbon monoxide at 20c. per M. cu. ft. 

6. Carbon dioxide at $6 per ton. 

6 . Chlorine gas at 0.6o. per lb. 

7. C!itygasof660B.t.u.at26o.perM.cu.ft 

8. Caustic soda at $20 per ton. 

0 . Carbon black at 3c. per lb. 

10 . ^ ex^ples of final products may be mentioned 
ammonia and city gas. 


synthetic 
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Fig. 4, Schematic diagram of a plant designed 
to absorb surplus electric energy in the produc¬ 
tion of gas 


It is a well-known fact that when hydrogen costs 40c. 
and nitrogen 20c. per M. cu. ft., they aggregate 60 per 
cent of the cost of ammonia when produced at $70 per 
ton. It is reasonable to assume, therefore, that am¬ 
monia could be produced for $50 per ton when manu¬ 
factured from constituents made from surplus power. 

It is known also that 250 cu. ft. of osygen and 5 gal. 
of oil of 160,000 B. t. u. per gal. will produce 1,000 cu. ft. 
of 800 B. t. u. gas and this can be diluted by adding 
hydrogen or blue gas (imcarbureted water gas). 'Vt^th 
oil at 4c. per gal., 500 cu. ft. of oil gas and 500 cu. ft. of 
hydrogen will produce 1,000 cu. ft. of 660-B. t. u. gas at 
less than 28c. per M. cu. ft. in the holder. Natural gas 
of 1,100 B. t. u. must be sold at 40c. per M. cu. ft. at the 
end of the pipe line to compete with this cost. 

Oxygen always be used with coke and water to 
produce a metallurgical reducing-gas mixture, or it can 
be used for air enrichment in the blast or open-hearth 
furnaces, when it can be had cheaply enou^. Hydro¬ 
gen is a fuel gas and also a reducin" gas and can also be 
used in metallurgy when its cost is low enough. Wh^ 
the availability of these gases in large qiiantity is 
assured and their cost becomes lower than 36c. per M. 


cu.ft., they will find a market by reason of the economies 
their use will produce. This market will enlarge as the 
price of the gas lowers. If the stuplus en^gy costs 
shown in Table II are put into effect and no bett^ 
apparatus than that now avaOable is used, oxygen and 
hydrogen can be sold profitably at 26c. per M. cu.*ft. in 
1932 and at 20c. per M. cu. ft. or less in 1940. 

All estimates of cost have been based upon the use of 
new equipment for converting a-c. to d-c. energy. The 
cost of complete plants to furnish oxygen and hydrogen 
at uniform hourly rates from surplus power are esti¬ 
mated as shown in Table III. 

TABU! ni—-aSTIMATBD COSTS OP OOMPLEiTB PLANTS POB 
FXnBNISHINO OXYGEN AND HYDROGEN BY THE USB OP 


SURPLUS POWER 


Input capacity of 
plant In jkw. 

Load factor 

Cost per kw. 

10,000. 

.0,90. 

..*60.00 

20,000. 

.0,85. 

. 47.50 

30,000. 

...6.80. 


60,000. 

.0.75. 


100,000. 

.0.70. 

. 35.00 

Substitution of 

mercury arc 

rectifiers for motor- 


generators would lower the cost and there always is the 
hope that some cheap and effective form of conamutat- 
ing device or electrolsrtic rectifier may be invented that 
would deliver pulsating direct current. If apparatus 
of this type could be obtained at about $5 per kw., 
oxygen and hydrogen each could be produced for about 
10c. per M. cu.ft. 

What Surplus Power Now Available Will Do 

It may be appropriate at this point to give an idea of 
what all the surplus energy alleged to.be available would 
do in terms of products: 

1. Baoh »-e. kw-hr. will produce about 9 ou. ft. of gas, of 
whioh 6 is hydrogen and 3 oxygen. 

2. The 3 ou. ft. of oxygen with coal and water, in the Bosoh 
process, will produce 12 ou. ft. of hydrogen. 

3. One cu. ft. of hydrogen with air and heat wiU deliver two 
on. ft. of nitrogen. 

4 The 18,000,000,000 kw-hr. estima^ as available in 1930 
therefore would produce 106,000,000 M. on. ft. of hydrogen and 
54,000,000 M. cu. ft. of oxygen. 

The oxygen could be sold at cost. The hydrogen would 
permit the manufacture of about 1,200,000 tons of 
synthetic ammonia containing nearly 1,000,000 tons of 
fixed nitrogen. If instead the gases w^ used with oil 
to malm 555-B. t. u. dty gas, there would be required 
about 1,062,500,000 gal. of oil and the hydrogen, and 
108,000,000 M. cu. ft. of blue gas. The total annual 
ouiput of city gas would be 432,000,000 M. cu. ft. 

Excepting only the use of the gases in metallurgy, 
the manufacture of fixed nitrogen and fuel gas are the 
two least remunerative uses for the gases. They have 
been motioned because the market for both is large and 
demonstrates that there need be no delay in putting 
off-peak capacity to work. 
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Stjkplus Power for Gas Manufacture 

Consider, as a further example of what could be 
accomplished, that a company were to construct a plant 
for manufacturing gas by the use of smplus power as 
outlined in this article, and at the same time build an 
electric plant especially adapted for suppl 3 dng such 
power in addition to its regular load. Assume, for the 
sake of example, that the output of the electric plant i s 
rated at 200,000 kw., allowing 10 per cent spare capacity 
to meet the necessity for continuous service. Such a 
plant could be built for 80 per cent capacity-use and the 
energy taken by the electric system as base-load power 
would be restricted to 60 per cent load factor as being 
sufficient to best meet the requirements of that system. 
The cost of such a plant would be $100 per kw., or a 
totd cost of $20,000,000 for the 200,000-kw. capacity. 
This low plant cost would be due to the simplicity of 
design possible with high-load-rfactor apparatus. Fixed 
chaj^ on such a plant would be 12 per cent, thus pro¬ 
viding for a 20-year replacement period. 

At an annual load factor of 60 per cent, which is 
assumed for the b^ load, the energy output for the 
electric system would be 1,061,200,000 kw-hr. At this 
load factor the thermal rate would be about 12,500 
B. t. u. per kw-hr., which can be taken as equiv^ent to 



Srf/' composition and costs of gas 

PfO^tced fr m surplus eiectric energy. It imv 

m awptua ppmf tind. the cMt per 

increases from 9,S mUl^ 4 mitts 


__ TABLE IV—GAS PLANT POSTS 

deotrolytlo Plant 

60.000-kw. converting plant ® $20. ^1,200,000 

66,000-kw. ce;l plant @$20.. 1,100,000 

Gas holders, 3,000,000 cu. ft....\ ] *. ’... .. ... *. 400,000 

Total. a.700,000 

Fixed charges at 16 per cent.. 406,000 

Pr ducts 

Oxygen.1,061,200 IVI. cu. ft. 

Hydrogen. .2,102,400 IM.cu, ft. 

.. IVI. cu. ft. 

Operation 

850,400,000 kw-hr. @ 1.76 . 610,701 

Operation and maintenance. 50,000 

———y - ” ' 

Production cost.... 666,704 

Fixed charges. 406,000 

Total cost for 3,163,600 M. cu. ft. JL ,071,704 

Cost of oxygen and hydrogen per cu. ft..34c 

Gas Plant 

Gas plant including holders. ^000,000 

Fixed charges at 16 per cent........ *450,000 

Operating Costs 

1,051,200 M. cu. ft. oxygen. ony ogr 

21,024,000 gal. oil at 4c... H40,060 

Operation and maintenance.40 000 

Cost of 4,204,800 M. cu. ft, 800 B. t. u. gas.. s 1.2238 106 

Oost per M. cu. ft...29.4c. * 

Add 2,102,4(^ M. cu. ft. hydrogm. 714 460 

. 1 ,Ofi2.e64 

Oost per M. cu. ft.30.9c, 




one pound of coal. Coal rate is assumed to be SO per 
cent of the production cost, which is about 9.6 pei* cent 
of the total cost. Taking coal at $4 per ton the energy 
cost would be 2.64 mills per kw-hr. The price which 
ou^t to.be obtained wotild therefore be about 6 mills 
per kw-hr. The plant, however, would be loaded to 80- 
per cent load factor, as the gas plant would be afele to 
use the surplus power in gas manufacture. Based on 
this load factor the annual output would be 

PO- output 

The thennal rate based on 80 per cent capacit*v-.iifle 
would Ik 11,500 B.t.u. per kur-hr. This low the^ 
rate would be obtained by the use of high pressure high 
temperature, steam extraction, and reheating. On the 
basis used for the 60 per cent capacity, the cost of this 
euCT^ would be 2.^ mills per kw-hr. It is estimated 
that 76 p» cent of this output would be sold at 2 64 
mills, leaving the net cost of the surplus as 176 millA 
per kw-hr. ' '' 

To raise the load factor of the electric system fror» ftO 
per ^t to 80 pw cent, would require a gas plant capable 
of a^rbmg about 60,000 kw. Kg; 4 shows a sSe! 
matic dia^ of such a plant. Cost estimates for +hi« 
plant and its operation are shown in Table IV. 

In Fig. 6 is indicated the cost of 800-B. t! u oil 

when oxy^n and oil ara used, and the cost of 
B, t. u. mixed m when the hydrogen also Is tised 
The costs are related to the cost of the surplus 

Eleetricar^sines^^^ 






































The feasibility of utilizing surplus power by the 
method proposed seems to be well established by the 
examples given. From the standpoint of the power 
companies, adoption of such a plan would be quite 
advantageous and it is obvious that the general public 
would benefit as well through the lessening of manufac¬ 
turing costs of niunerous commodities. It is hoped 
that this article will revive discussion on this all- 
important subject, and that it presages the day when 
some intelligent use will be made of surplus power. 

♦ ♦ ♦ 

Cooperative Work 
on Joint Pole Use 

Since both telephone and electric 
service customers must be reached by 
the two utilities it is obvious that the 
joint use of poles would have many 
advantages to the utilities, the custom¬ 
ers, and the community. Important 
operating problems resulting from such 
close proximity are receiving joint 
study; new problems constantly arise 
with developments in practise. The 
present status of cooperative study of 
joint use is outlined here. 

By J. C. Martin and H. L. Huber 

Assooiate A. I. B. B. Member A. I. B. B. 

Middle West Utilities Oompany American Tel. ic Tel. Company 

Chicago, HI. New York 

P rinciples and practises for the 
use of wood poles jointly by electric 
supply companies and . communica¬ 
tion companies as recommended by the Joint General 
Committee of the National Electric Ught Association 
and the Bell Telephone System rmder date of February 
15, 1926 contemplated that each jparty to such joint 
use should: 

1. Be the judge of the quality and requirements of its ovn 
service, including the character and design of its own facilities, 
both now and in the future. 

2. Determine the character of its own <amiits and structures 
to be placed or continued in joint use; and determine the char- 
actor of the circuits and structures of others with which it would 
enter into or continue in joint use. 

3, Cooperate with the other party so that in eanying out 

Prom "Status of Cooperative Work on Joint Use of Poles," (No. 3i-34} 
presented at Uie A. I. B, B. winter convention. New Tmrk, Jan. SC-SO, 

IMI. as Part IV a symposiam on coordination of power and teieplM»e 
tfant. 


the foregoing duties proper consideration will be given to the 
mutual problems which may arise, so that the parties can jointly 
determine tiie best engineering solution in situations where the 
facilities of both are involved. 

From the foregoing it may be observed that while 
each party retains full responsibility for its own •prob¬ 
lems, emphasis is placed upon the mutual advantages 
accruing from conscientious effort to find the best over¬ 
all engineering solution in each particular situation. 
These principles are among the important recommenda¬ 
tions during a decade of cooperative studies, and they 
form the basis upon which practically all cooperative 
work is bang carried forward. 

It is the purpose of the following paragraphs to 
describe briefly what has been done by the joint sub¬ 
committee on development and research and what is 
being done in connection with the engineering and 
economic problems encountered in joint use. 

Construction Practises 

From the inception of the joint use of structures, 
jofrit-use construction practises have tmdergone almost 
constant change and improvement and continued 
development is to be expected for the future. How¬ 
ever, many of the fundamental requirements for secur¬ 
ing satisfactory conditions on jointly used poles were 
recognized at an early date and form the basis for 
present day practise. 

In so far as practicable, power wires, because of their 
relatively greater mechamical strength, have been 
assigned to the upper positions on jointly used poles. 
Also, with power wires in the upper position, telephone 
linemen are not required to climb through power cir¬ 
cuits, with the exact nature and charactmistics of whi(^ 
they are not always fanailiar,._ 

Good practise dictates sufficient clearance between 
levels of power and telephone wires to allow for safe 
working. Wh^ wires to street lights and under¬ 
ground connections to aerial plant require vertical 
runs on jointly used poles, their location, insula¬ 
tion, and mechanical protection have received careful 
study, looking toward the elimination of hazards to 
worsen. Sufficient clearances betweeh vertically 
run circuits of one type and the equipment of another 
utility on the same pole have been found to be most 
important from the standpoint of avoiding service- 
interruption to both pow^ and telephone systems. 
In this connection it is well to note that any situation 
where insuffid^t clearance between power and tele¬ 
phone facilities is provided may result in trouble for 
one or both, 

Fr^ient day construction standards therefore ein- 
phasdze the necessity of maintaining proper clearances 
as well as strength of construction; and experience 
shows that where these standards have been practised, 
trouble from these sources has been kept within a 
ieasona;ble limit. The joint general committals giving 
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careful consideration to the matter of construction 
standards on jointly used poles. Pending the develop¬ 
ment of complete specifications covering recommended 
practi^ under various conditions, the National 
Electrical Safety Code is recommended as a guide to 
practise. 

Protecttve Devices 

Both telephone and electric supply circuits are 
equipped with protective devices fundamentally the 



tit-1. An example of good practise in joint 
pole use showing one method of accomplishing 
satisfactory conditions 

same in pinciple and falling within two general classi¬ 
fications: 

1. Those which provide protection from abnonnal 
voltages counting of protector blocks in the telephone 
plant and lightning arresters in the electric supply 
system. 

Those wMch provide protection from ahnnrmgi 
currents consisting of heat coils and fuses in the tele¬ 
phone plant and fuses and circuit breakers in the elec¬ 
tric supply systems. 

Th^ protective devices are of secondary defense 
against abnormal conditions which it is impracticable 
to avoid either by design or through adherence to 
constractiqn standards. 

In spite of all practicable precautions with regard to 
deuces, strength of construction, and insulation, 
accidental breaks occur both in power and in telephone 
wires, therefore, and also because of the limitations 
of protective devices, joint use with certain types of 
^cuits is questionable. Differences of opinion exist 
^Iw^n engineers, as to the deg^ of hazard involved 
in joint use between telephone plant and power circuits 
^ various types, voltages, and connected cai>acity. 
This problem has increased in impoitance as the use of 


higher distribution voltages and greater generating 
ca,pacities have been adopted. The joint subcom¬ 
mittee on development and research now is studying 
several typical rural and suburban areas to determine 
the over-all advantages and disadvantages of the use 
of higher distribution voltages and of joint use with 
these voltages under present conditions. 

In connection with these problems the joint com¬ 
mittee carried on experimental work to determine 
the characteristics of various types of fuses. Tests 
made in a laboratory where 20,000 kv-a. of generating- 
capacity was available showed the range of depend¬ 
ability that could be placed upon the various fuses 
for interrupting voltages ranging from 2.3 to 13.2*'kv. 
Another phase of experimental work covered break¬ 
downs with direct current and with 60-cyele alternating 
current, and a complete cathode ray oscillographic 
study of the behavior of carbon-block protectors and 
neon and vacuum tubes under steep wave fronts. 
These tests showed that the carbon-block protector 
has a breakdown point with all types of applied wave 
fronts that is sufficiently fast and low to protect the 
insulation now used in the communication plant. The 
shortcomings of these blocks lie in their tendency to 
ground the circuit permanently when forced to carry 



fig^ 2. An example of improper construction. 
Wire was pulled against through-bolt resulting 
in an insulation failure which interrupted both 
services. Wire removed to permit photographing 

current for any appreciable length of time. Tests with 
steep wave fronts were carried to a rate of rise of 36.5 
kv. per microsecond. 

Mutual Responsibilitv for Protection 

The problem of adequate protection of the telephone 
plant m joint use obviously cannot be solved by the 
development of telephone protective devices alone; 
protective devices in the power system are of equal 
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importance. One problem in present development and 
research work is the fixing of the part that the protective 
devices on each system must play in abnormal con¬ 
ditions; the burden of weaknesses in the protective 
equipment of one system must not be thrown upon the 
protective equipment of the other. Therefore, the 
next step in this investigation is a determination of the 
over-all characteristics of power circuit and telephone 
circuit protection under typical conditions of contact 
between the two. 

• One of the important functions of the power-system 
protective devices is that of clearing power-system 
faults in a reasonable time interval. Obviously, tele- 
phofie protective equipment caimot be expected to 
prevent damage to telephone plant in case of contact 
between the wire circuits of the two utilities when 
power-system protective devices fail to operate and the 
physical contact of the circuits is maintained over an 
indefinite period of time. 

All of these problems are being approached upon the 
basis of determining the best over-all engineering solu¬ 
tion to the end that both systems may provide their 
services in the most convenient and economical manner. 

The various operating problems which have arisen 
almost since the birth of the powCT and telephone 
industries, and the investigations conducted by the 
joint subconunittee on development and research, 
indichfe the importance of giving careful consideration 
to the inductive coordination featxires of joint use and 
of including this factor in studies of the relative ad¬ 
vantages and disadvantages of joint use as compared 
with separate lines. This factor, of coxuse, should be 
considered from both its technical and economic aspects. 

In the inductive coordination of the two distributing 
systems much can be accomplished by cooperative 
advance planning. In urban areas where the telephone 
circuits are largely in cable, there is about a two-to-one 
ratio in the inductive effects between a joint line and 
separate lines across the street. In rural areas where 
the telephone circuits are largely open wire, the ratio 
of the inductive effects on joint lines as compared with 
separate lines across the highway is much greater— 
other things being equal. 

In xirban areas the power and telephone companies 
through cooperative planning frequently can arrange 
to establish important power feeders and telephone 
circuits on separate streets, thereby avoiding large 
inductive effects, and permitting more extensive joint 
use of branch lines. A careful review of the equipment 
used on the power and telephone circuits and the intro¬ 
duction of operating practises designed to limit the 
inductive susceptiveness of the telephone circuits and 
the inductive influence of power circuits, form an 
important part of advance planning and cooperation. 

In the case of rural lines where the telephone circuits 
are largely in open wire and the exposures between 
particular circuits are likely to be long, joint use is not 


alwa 3 rs practicable. In these cases locations for sepa- 
arate lines usually are available. Furthermore, joint 
use in rural areas is not alwaj^ economical from a purely 
construction standpoint. Joint use with telephone 
toll circuits or power transmission lines has not, in 
general, been found desirable. 


Reactance Relay 
Performance 
Reviewed 

Results of a year’s experience with 
reactance-type distance relays in the 
South is interpreted as demonstrating 
the correctness of the reactance princi¬ 
ple. Difficulties that have arisen as a 
result of interconnections which oper¬ 
ate near the stability limit, and other 
operating problems, are outlined here 
with resulting conclusions. 

By E. E. George 

Member A. 1. 3S. E. 

Tennessee Electric Power Company 
Chattanooga 

O PERATING EXPERIENCE has 
shown the correctness of the major 
principles of design and applica¬ 
tion of reactance-type distance relays on the system of 
the Tennessee Electric Power Company. Several 
difficulties have been encountered, but these have been 
given less weight than the prime considerations of 
carrying high loads ^ely during emergencies and of 
clearing the majority of faults selectively during all 
operating conditions. 

On February 9, 1980, the company installed three 
reactance relays at its Great Falls hydro plant. These 
relays wm« of the normal-speed distance type (LB-1) 
furnished by the American Brown Boveri Company, but 
built in Switzerland by Brown Boveri, Limited. This is 
believed to be the first installation of reactance relays in 
this counfry. Since that time 24 more of the LB-1 
relays and 27 General Electric type GAX relays haVe 
been installed, making a total of 54 distance relays of 

From **OperatIiig Experiences with Reactance Type Relays” (N .30- 
181), presented at the A. I. E, E. Southern District meeting, Louisville, 
Ky.,Kov. 19-22,1930, 
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the reactance type on that system. In addition, six 
high-speed distance relays of the Westinghouse impe¬ 
dance type (HZ) are now being installed. 

In Figs. 1 and 2 are shown tjpical wiring diagrams 
for the two types of reactance relays and how the test 
facilities preferred by the Tennessee company have been 
applied. If it is desired to use the auxiliary equipment 
offered by one manufacturer for securing ground protec¬ 
tion as well as phase protection, the test scheme becomes 
more complicated. 

Reasons for the rapid installation of these new types 
of relays may be of general interest; herewith is given a 
tabulation of the variation in short-circuit kv-a. on the 
various high-voltage buses of the system. This varia¬ 
tion is caused chiefly by changes in operating conditions 
with steam and hydro generation at widely separated 
locations. The tabulation covers the total short-circuit 
kv-a. on the bus; of course, any one outgoing line has 
substantially less current. 

The location of circuit breakers on the 154-kv, and 
110-kv. systems, together with the type of phase protec¬ 
tion now in service at each are shown in Fig. 3. Many 
of the line sections are of No. 2/0 copper or its equiva- 


TABLE I—VARIATION IN SHORT-CIRCUIT KV-A. ON 
TENNESSEE ELECTRIC POWER SYSTEM 



Maximum 

Minimum 

Arlington . 

. fifiO 000 


Centerville. 

. .qfin 000 


Great Falls. 

. 4 so 000 


Hales Bar. 

. fiOO 000 

OKA AAA 

Ocoee No. 1. 

. 7sn 000 

, . , .ZOUyUUU 

OKA AAA 

Bidgedale. 

. 560 000 

» . . . .40U,UUU 

OOA AAA 

West Nashville . 

.390,000 

r . . • Zi^U|UUU 

1 RA AAA 

Wilson Dam. 


. • , » XOUjUUU 

.... 150,000 


lent. The map, together with the table of short-circuit 
kv-a., shows why the short circuit at the end of a long 
s^tion may be even lower than the normal load of the 
line. Furthermore the opening of a section under fault 
frequently requires the adjacent sections to carry as 
much as twice normal load for a minute or more. Over- 
cturent relays (and relays having over-current pick-up) 
have proved inadequate and almost useless under these 
conditions. 

The principle of the distance relay finds a ready ap- 
plicaifion in handling this situation. Reactance-type 
relays were preferred over the impedance type since it 
is thought that the former give a more accurate mea¬ 
surement of the distance to the fault by being indepen¬ 
dent of arc resistance. 

Certain factors relating to the installation and opera¬ 
tion of both types of relays have been demonstrated 
conclusively and are outlined in the following par¬ 
agraphs. 

High-voltage-potential supply is necessary in practi¬ 
cally all cases because incorrect operation is likely to 
result when running on low-voltage supply. After 
trying v&rious substitutes, the potential transformer 


has proved the best, and in the long run the most 
economical source. Pilot indication is highly desirable 
on potential supply; neon lamps serve this purpose 
admirably. 

By the use of distance relays each section of line i.^ 
protected independent of other sections and selectively 
without cascading relay settings. 

The amount and location of generating capacity iiu.s 
no appreciable effect on the time of clearing faults. 
Loads much beyond the sustained thermal capacity of a 



relays 


transmission line can be carried without tripping, but if 
the voltage is low enough to indicate a fault in the 
protected zone, a secondary current of about two 
amperes or more will operate the relay in a predei;er- 
mined time. Impedance releases or starting units on 

reactance relays, however, should be set rather high_ 

say at ten amperes or more. 

Relays of this type can also be used for fast bus 
protection, but it is not possible to obtain correct 
directional action in all cases for heavy faults close to 
the station. It is recommended that the buses of 
important stations be protected independently so that 
the distance relays may be used for outgoing protection 
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Both types of reactance rela 3 ?B have been found to 
operate on arc faults in the same time as on solid short 
circuits, even up to the longest arcs that could be main¬ 
tained on the system. 

The cost and importance of distance-relay installa¬ 
tions justify maintaining complete and accurate operat¬ 
ing records, and a careful study of these records after 
they are obtained. This does not mean, however, that 
relay settings or schemes should be modified on account 
of one report of incorrect operation; it is too diflicult for 
the average operator to determine exactly what hap¬ 
pens and except in case of careful observation on staged 
test, too much weight should not be given to any one 
repotted erratic performance. 

Quick-trip ammeter installations as used to record 
neutral-ground eiurent have been very helpful in an¬ 
alyzing relay operations. The absence of a ground- 
current record indicates a phase-to-phase short circuit 
which should operate the distance relays. These 
graphic ammeters frequently show ground current at 
the same time the distance relays operate, indicating a 
two-phase-to-ground short circuit, or a phase-relay 
operation on a single-phase-to-ground fault. Auto¬ 
matic oscillograph installations should also be very 
valuable in anal 3 ^ing relay operations especially on 
occasions when the station operator’s time is limited. 

In this territory most of the high-voltage phase- 
relay dperations occur in June, July, and August, during 
the height of the lightning season, thus giving a rather 
limited time in which to make and note the effect of 
any changes in relay installations. This means that in 
order to record the effect of any improvement or revision 
before the lightning season ends, questionable or incor¬ 
rect operations must be followed up promptly. The 
lightning storms are not only concentrated during the 
summer months, with a peak in July, but these storms 
also occur most frequently in the afternoon. This 
extreme concentration of trouble greatly complicates 
rela 3 nng and dispatching problems due to independent 
troubles occurring close together, or even simultane¬ 
ously. A second line may relay out before the first line 
can be closed back in, thus leading to confusion in the 
operating records as well as to interruptions to custom¬ 
ers provided with two or more sources of supply, even 
though none of the circuits are in trouble permanently. 

One type of reactance relay is equipped with a dis¬ 
tance in^cator which has been very helpful in studying 
the conditions under which the impedance release 
operated. It would also be desirable to have more than 
one target on the step-by-step distance relays so that 
there would be a record of whether the relay tripped 
on instantaneous, intermediate, or back-up time. It 
has been found impracticable to determine this by 
watching the relay, even on staged tests. 

For distance relays, no entirely satisfactory method 
of low-voltage routine tests has been devised but they 
have been checked by staged tests during installation 


and in case of questionable operation, occasionally 
thereafter. 

In addition to the foregoing conclusions regarding dis¬ 
tance-relay performance there are certain questions 
which in the opinion of the writer have not been defi¬ 
nitely answered as yet. These together with sorpe of 
the evidence that may be helpful in reaching conclu¬ 
sions, especially when and if corroborated by further 
experience, are outlined in the following paragraphs: 

Table II is a condensed summary of the operation of 
distance relays on this system from the dates of their 
installation up to the present time. Details of these 
operations are tabulated in the complete paper. 

Apparently the operation of all types of these relays 
is highly satisfactory on radial feeders. The only diffi¬ 
culties arise on trunk lines and on interconnections 
where wide variations in power factor during load swings 
seems to be one of the chief difficulties. 

The performance of distance relays under out-of-step 
conditions is still uncertain; this liability, however, is 
not confined to these relays, as it is detoitely known 
that the old impedance relay will operate quickly on 
any out-of-step condition if the cxurent peaks exceed 



Fig. 2, Wiring diagram for type GAX distance 
relays 


the pick-up value for a short time. Many interconnec¬ 
tions are subject to more or less prolonged surging 
somewhat below the stability limit and relays should 
hold in all such surges. This is one of the problems on 
the East Tennessee interconnection. 

Unfortunately, however, there is no precedent for 
saying that a line should or should not relay on out-of¬ 
step conditions. As a result of relay subcommittee 
investigation, it has been suggested though tentatively 
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that severe out-of-step conditions should cause relay 
operation, but only at one location which should be at 
the point of maximum voltage variation. 

Operating experiences also show that impedance 
releases or starting units should have reset values fairly 


TABLE II—SUMMARY OP REACTANCE-RELAY OPERATIONS 


Correct operations. 47 

Questionable operations. 7 

Wrong operations. 0 

Inadeauate potential supply. 18 

Total. 72 

Analysis: 

Correct operations 

Line relayed at one end only. 3 

Same lin relayed simultaneously at other points..;.i 28 

Line relayed while being supplied from one end only. 5 

Back-up protection... 3 

Low-voltage bus failure. 1 

. Bad synchronizing. S 

Bus protection. 2 

. Total. 47 

Questionable operations 

Out-of-step conditions. 7 

Total. 7 

Inadequate potential supply 

Cross-phased. 3 

44-kv. trouble. 6 

Bushing potential devices. 5 

110-volt secondary trouble. 6 

Total. 18 


close to the release values, particularly if the starting 
unit is non-directional. Otherwise a fault may be 
cleared promptly at some other location, but the result¬ 


ing surging or readjustment of power flow may be 
sufficient to hold the relay released and cause incorrect 
operation. 

In this connection it would be advantageous for the 
starting units to be made more readily adjustable. At 
present they are designed and factory-adjusted so as to 
give back-up protection to only two or three average 
sections of line, while the distance measuring element is 
flexible and can be adjusted for almost any combination 
of sections. The time setting on intermediate and 
back-up operation of step-by-step distance relays should 
be rather long—^probably 60 cycles or more for the inter¬ 
mediate time if used on heavy interconnections. This 
is a tentative conclusion from operating experiendfe on 
the East Tennessee interconnection. 

The instantaneous element on a distance relay may 
operate too quickly if the relay trips under two or three 
cycles, since incorrect operation may occur due to 
breaker adjustment. A certain definite time is required 
for proper directional discrimination, and it does not 
seem to be wise to try to speed up the initial time too 
much on certain types of relays. 

Distance relays can be used successfully on the same 
system with other types of relays, but if the ordinary 
types of relays opiate slowly under minimum generat¬ 
ing conditions, the distance relays will operate fre¬ 
quently ahead of them. It is entirely feasible however 
to use separate and independent ground protection witb 
these relays. For ground protection it has always been 
the practise of this company to use current directional 
ground relays and no change was made in this practise 
when distance relays were installed for phase protection; 
however, both manufacturers have developed schemes 
of ground protection using distance rela^^ and star 
potential supply. 


_ ____ ___;__t^Tj^Kv___ •- 
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Fig. Schematic diagram depicting distance relay applications on the Tennessee Electric Power 

Company’s system 
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Porcelain 

Simple comparative tests of Ameri¬ 
can and European samples of standard 
insulating porcelains reveal strikingly 
similar characteristics in the finished 
products in spite of variations in raw 
materials and manufacturing processes. 

By H. M. Kroner 

Wesfcinghouse Electric & Manirfacturiiig Company 
East Plttsbm'gh, Pa. 

A lthough the investment in the 
insulators used on a modem trans¬ 
mission line represents only a very 
small percentage of the total cost of the line, much 
depends upon their continuous and satisfactory per¬ 
formance as an electrical insulator and a mechanical 
support. 

While the electrical industry was still young, the 
ceramic industry was operating on rule-of-thumb 
methods. As a result, it was difficult for the electrical 
• engineer to know anything more about porcelain than 
that the product of one manufacturer was satisfactory 
whereas that of another gave trouble under the various 
new conditions which were being encountered. Recent 
advances in silicate chemistry, made possible by the 
u^ of the petrographic microscope, and the application 
of fundamental mechanical tests to these materials, 
has done much, however, to diminish this handicap. 
As a result, manufacturing methods have been improved 
greatly, and porcelains of much better quality and 
greater uniformity now are being produced. 

Nearly all the many kinds of porcelain now used for 
transmission line service are made essentially of clays, 
flint (quartz) and feldspar. Obviously porcelains hav¬ 
ing all kinds of properties might be made by vary¬ 
ing the proportions of these constituents; by good and 
bad methods of mixing and forming, and by firing at 
various rates and for various lengths of time. 

The clays are used for their unique plasticity which 
makes possible the molding and drying of the pieces. 
Flint (quartz) is a somewhat inert refractory material 
which during firing adds viscosity to the mass and also 
acts as a skeleton for the entire mass at that time. 
Feldspar is a melting constituent which, when fused, 
carries the clay and some of the quartz into solution 
in the resulting glass matrix. Thus the clays are all- 
important in the forming operation, while the feldspar 
is particularly important in the firing process. 

Unlike many manufactured products in which the 

From “Electrical Porcelain/’ (No. 30-163) presented at the A. I, K. E, 
Middle Eastern District meeting, Philadelphia* Pa*, Oct. 13-16, 1930. 
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final operation before assembly brings the piece to the 
prescribed dimension, porcelain undergoes the firing 
proc^ with a 12 per cent shrinkage after the final 
dimensiomng operation. Any irregularity in the man¬ 
ner in which the piece is placed or fired may affect its 
ultimate dimensional accuracy and hence the firing as 
well as the composition is extremely important. 

European practise is to fire to approximately 1,400 
deg. cent, whereas only 1,200 deg. cent, with a longer 
firing time is customary in America. Analyses show, 
however, that the chemical composition of these 
porcelains is very similar. 

European contemporaries have conducted much 
more fundamental testing on various ceramic materials 
than has b^n done in this country. American tests 
have been limited to those properties which are directly 
applicable to, and of value in, the finished products— 
tensile strength, compressive strength, cross-bending 
strength, impact and dielectric strength. Of these 
the cross-bending test seems to be most suitable for 
fundamental indication of the merit of a porcelain. 
Small inaccuracies in the test piece do not greatly 
affect the results obtained, and the variation in diameter 
does not affect the modulus of rupture of a given 
material as in the case of tensile testing. It has been 
found also that this method of testing can be used to 
good advantage as a control procedure in the factory. 

Results of a series of cross-bending tests made on 
various types of porcelain with the machine shown in 
the accompanying illusta-ations are given in Table I. 
As may be noted, the strain cable on the testing machine 
applies load to the center of the test bar in such a way 
that the distribution of stress across the diameter 
of the bar is uniform. Round test pieces H in. in 
diameter and 3 in. long were used. 

As Table I shows, the resistance of the material to 
heat shock also was determined. This was done by 
heating the small test pieces to the temperatures indi¬ 
cated, and quenching theni in water at room tempera¬ 
ture. The change in strength after such treatment is 
an indication of the value of the material’js resistance 
to heat shock regardless of the method of manufacture. 

It is interesting to note that the modulus of rupture for 
the various samples of American porcelain tested gave 
a maximum deviation of only three per cent fropi the 
average. These results clearly demonstrate also that 
the improvement in properties resulting from firing at. 
temperature much higher than encountered in Ameri¬ 
can practise is not so great as might be expected, nor 
at all commensurate with the higher firing cost involved. 

High-strength compositions for somewhat stronger 
insulators are possible, however. In this connection 
it must be remembered that the economics of the situa¬ 
tion keep the industry within fairly narrow limits. 
The inorease in cost attributable to the use of more 
expensive materials is relatively slight; the real ex¬ 
pense comes in the fuel used to obtain the higher firing 
temperatures required for such compositions; which at 

209 




Front view of porcelain tester showing test 
sample in place and method of obtaining evenly 
distributed strain 


present is about 40 per cent of the total manufacturing 
cost. 

It may be noted from Table I that several materials 
show greater strength unglazed than glazed. This 
indicates that these glazes have a coefficient of expan¬ 
sion widely different from that of the body and place the 
two under differential stress. A properly fitting glaze 


TABLE I—MODULUS OB' RUPTURE OP OERAMIO MATERIALS, 
_INCLUDING TESTS ON QUENCHED SAMPLES_ 




Lb. per sq. Inch 


Not 

quenched 

Quenched from 

200 deg. 300 deg. 400 deg. 
cent. cent. cent. 

Standard American porcelain 

Glazed—^regular glaze coating... 

. 14.805 . 

. . 12,990 

4,394,. 

. .4,060 

" thin glaze coating. 

. 13,357 . 

. . 11,350 

.. 4,443.. 

. .3,816 

" very thin glaze coating. 

.12.327 , 

. .11,360 

.. 4,804.. 

. .4,069 

Unglazed. 

. 12,310 . 

.. 5,472 

.. 4,541., 

. .4,084 

Gorman Porcdain A 

Glazed. 

. 15.694 . 

,. . 16,225 

..12,110.. 

. .3,466 

Unglazed. 

.14.047 , 

,. . 13,900 

.. 4,724.. 

. .4,843 

German Porcelain 6 

Glazed. 

.14,004 . 

, . 14,400 

.. 3,184.. 

. .3,305 

Unglazed. 

. 12,327 . 

..11,048 

.. 3,962.. 

. .3,509 

German' Porcelain O 

Glazed.. 

. 10,797 , 

.. 5,012 

.. 3,730.. 

. .3,571 

Unglazed... 

. 12,786 . 

.. 10,465 , 

.. 4.201.. 

. .3,853 

Steatite (plastic process) 

Glazed. 

.20,086 . 

.. 14,650 

All shattered 

Unglazed.:. 

.15,667 , 

. . 7,266 

.. 5,720.. 

. .4,166 

M^alith 

Glazed... 

. 11,236 . 

AU shattered 

Unglazed... 

. 14,810 . 

,. 5,204 

.. 4,311.. 

. .3,327 

SilUmanit 

Glazed... 

. 12,026 . 

.. 13,231 

.. 3,610.. 

. .3,125 

Unglued. 

.11,136 . 

. . 4,480 

.. 3,382.. 

..8,440 

American Ohemical Stoneware 

Glazed.... 

. 8,922 . 

.. 7,670 

.. 3,390.. 

. .2,920 

Unglazed..-.... 

. 7,980 . 

.. 6,013 , 

.. 3,305.. 

. .2,655 
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should increase the mechanical strength of the porcelain 
by sealing the exposed contacts between the grains of 
the structure. 

In some cases the glaze is detrimental to resistance of 
thermal shock; for upon quenching, it not only weakens, 
but shatters badly. The question of glaze fit has been 
studied from various angles and its importance has been 
demonstrated in many different ways. 

In regard to the uniformity of composition of porce¬ 
lain now being manufactured, it is sufficient to say that 
recent chemical analyses reveal only slight differences" 
in these compositions. The best of them is not the 
highest in silica content, nor the lowest in alkali pen- 
tent (therefore lowest in feldspar); and it has only an 
average clay content as judged from the alumina 
present. 

The manufacturer of porcelain undoubtedly will 
find that he can make the greatest strides towards 
producing a reliable product by keeping his processes 
as simple as possible and by developing rational methods 
of control for them. This, unfortunately has not been 
done extensively, but a striving for uniformity in this 
manner is undoubtedly of greater benefit to the in¬ 
dustry than the use of peculiar processes of unproved 
or questionable scientific value. 

Checking raw materials, fineness of grinding within 
the plant, consistencies, forming and drying operations 
and particularly firing processes should be under close- 
control and observation at all times. A full under¬ 
standing of the effects of varying cooling rates at the 
various stages of the cooling cycle is also necessary for 
the most effective operation. 

For a long time the x-ray has been looked upon rather 
hopefully as a possible means of accomplishing routine 
inspection of porcelain for flaws. But unfortunately 
the length of time required for an exposure prevents it 
being used as anything but a laboratory tool. 

The assembly of the fired porcelain into pin-type or 
suspension insulators is as important, or perhaps even 
more important, than the production of the porcelain 




Side view of porcelain tester 
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itself, for with faulty design or assembly, the best in¬ 
sulating medium may give only inferior mechanical 
strength and insulatihg value. 

Cement used in the assembly of the insulators must 
be controlled for uniformity as closely as the clays used 
in making the porcelain. Temperature variations 
affect the viscosity and resulting thickness of plastic 
coatings applied to sand bands and other parts incor¬ 
porated in the assemblies. 

Within the last few years the design of the various 
parts of these assemblies has been studied systematically 
from purely theoretical, mechanical, and mathematical 
standpoints. Photoelastic studies by which accurate 
determination of stress concentrations in these assem¬ 
blies have been made have assisted materially in 
determining the best t 3 T)es of design. The use of other 
methods of stress studies in three-dimensional models 
has now been developed. These studies have paved 
the way for a distinct advance in insulator design, the 
benefits of which have already been made apparent. 


methods of insulating rotor windings. However, in 
recent designs for the larger machines using present 
materials, methods of construction, and accepted per- 
fomoance characteristics, th^e are indications of a close 
approach to the limits of possible ratings. Therefore, 
it is believed that any marked further advancement in 
performance or maximum size probably will result only 
from radical changes in fundamental design. 

Consequently, a great deal of research has been car¬ 
ried out recently in connection with the cooling of ro¬ 
tating machinery by means of gases other than air. 
A survey of available gases shows that because of its 
low density (about 7 per cent that of air) and high 
heat-transfer characteristics with forced convention, 
hydrogen is the gas most suitable for this purpose. 
Fiui;hermore, since windage losses vary approximately 
in proportion to the density of the cooling medium, such 
losses throu^ the use of hydrogen can be reduced to 
a negligible figure. Some of the advantages of hydro¬ 
gen as a cooling medium for rotating electrical machin¬ 
ery are summarized briefly: 


Hydrogen Cooling for 
Turbine-Generators 

With the development of efficient 
sealing glands and reliable control 
apparatus the already proved advan¬ 
tages of hydrogen gas as a cooling 
medium for rotating electrical ma¬ 
chinery appear to be readily available for 
large generators. Actual operating ex¬ 
periences with a 7,500-kv-a. unit are 
outlined here. 

By M. D, Ross 

Associate A. T. E. B. 

Westinghouse Electric & Manufacturing Company 
East Pittsburgh, Pa. 

L arge turbine-generators 

of today are appreciably smaller, 
more reliable, and more efficient 
than the corresponding machine of even five years ago. 
These improvements are traceable largely to such 
factors as better methods of ventilation, stronger rotor 
steels, lower loss in armature laminations, and improved 

Prom "The Application of Hydrosen Cooling to Tivbiiie43eoer»ii««," 
.(No. 30*177; presented at the A. I. E. E. Southern District mating, 
Louisville. Ky.. Nov. 10-22, J930. 
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1. Windage losses, wMch may be as much as 40 or 45 per cent 
of the total losses, are reduced to about 10 per cent of their value 
in air. 

2. For a given amount of active material the rating of a 
generator with hydrogen cooling would be about 2!i per cent 
greater. 

3. In an atmosphere of hydrogencoronahaslittle. if any, effeot 
on insulation. Insulation operating in hydrogen therefore should- 
have a much longer life than in air. 

4. Because of the absence of oxygen, fires in th generator 
cannot occur. 

5. Smaller gas coolers and less cooling water are required 
than with air oooh'ng. 

Shaft Sbals for Turbine Generators 

One of the most important developments in connec¬ 
tion with hydrogen cooling for turbine-generators has 
been the design of sealing glands to prevent gas leakage 
around the shafts where it emerges from thb gas-tight 
enclosure. Experimental work started in 1926 and 
which covered various methods revealed that a liquid 
sqal employing oil as the sealing medium was best 
adapted for use with the relatively high shaft speeds 
involved. Data showed also that a suitable supply of 
oil tmder pressure could be obtained from the turbine 
lubrication system. 

An experimental sealing gland was built in 1926 to 
determine the performance that could be expected in 
seals for large generators; details of this gland are 
shown in section, in Fig. 1. Oil under pressure is fed 
into a groove in the center of the seal and flows both 
ways over the shaft; the oil film thus formed between 
the shaft and the seal casting is sufficient to stop the 
flow of gas at that point provided the oil pressure is 
higher than the pressure of the gas in the machine. 
The flow of oil is throttled to a minimum by three 
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small brass rings fitted closely into grooves in the seal 
casting and held lightly against the shaft by coil springs. 

Tests made on this gland showed that the loss of 
hydrogen through the seal was very small and that no 
special detraining tanks were required to separate the 
hy<kogen from the oil before returning the oil to the 
main system. It was found however that a certain 
amount of air was being carried into the gas enclosure 
by the gland oil. Therefore from time to time a quan- 



Fig. I. Sectional elevation revealing details of 
hydrogen seating gland 


tity of hydrogen gas would have to be added to the 
mixture to maintain a suitable purity within the ma¬ 
chine. Tests showed that for the largest 
this quantity should not exceed 200 cu. ft. per day. 

Experimental Turbine Generators Built 

In 1928 a 7,500-kv-a., 3,600-rev. per min. generator 
designed for hydrogen cooling and incorporating the 
sealing gland just described was built and tested. The 
frame was constructed along standard lines with cer¬ 
tain modifications to make it gas tight. Tests on this 
machine indicated that in order to obtain Tyiinimnw gas 
leakage, frame structures for "hydrogen cooling would 
have to be quite different from the air-cooled designs. 

Accordin^y early in 1930 a second machine of the 
same capacity and speed was built and put on test 
(see Fig. 2). The ^ generator frame was fabricated 
from steel plate with a minimum length of bolted joints. 
Active parts of the generator were the same as the 
standard air-cooled tiiachme pai^, and no particular 
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effort was made to design the machine to obtain maxi¬ 
mum results with hydrogen cooling. Two goaling 
glands of the type described were provided, rigidly 
attached to the bearings, and connected to the end- 
bells by fiexible diaphragms. 

Two Griscom-Eussell finned-tube gas coolers were 
built into the generator frame above the armature core. 
To simplify construction and to make the cooler sec¬ 
tions more accessible for cleaning straight-tube coolers 
were adopted and since experience with coolers on a- 
large number of machines never had indicated trouble 
from leakage or fractured tubes no operating hazards 
were considered involved in placement of the coolers 
above the generators. 



Fig. 2. A 7,S00~kv-a. generator with frame and 
housing designed for hydrogen cooling. Fin-type 
coolers may be noted above the rotor; control 
cabinet at the left 


Armature leads were brought out through six gas- 
tight condensers bushings in a flange on the bottom 
of the generator. . Through holes drilled in the shaft 
field leads were, carried to a point outside the bearing 
where they were connected to the collector rings. 
Insulating stuflBng nuts were provided to keep the gas 
from leaking around the field leads. 

A special system for controlling the gas in the 
was developed, as simple and sturdy in design as possi¬ 
ble so that its operation would be readily understood 
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by the average station attendant. In Fig. 2 the control pei^cent hydrogen are non-explosive, allowed a wide 
panel is shown bolted to the side of the generator, factor of safety. 

Principal functions of this apparatus include: Piping required for the gas system is shown schemati- 

1. Maintenanee of gas pressure in the machine at somewhat CnUy in Kg. 3. Fig. 4 shows the wiring diagram for the 
above atmospheric, to avoid leakage of air into the machine. electrical apparatus used to operate the gas control 

2. Warning to the operator when the purity of the gas is system. As may be noted, alarms are provided to 

too low, so that mofe hydrogen may be added to bring it up to warn the operator in case of any troubles in the gas 
the proper value. sj^tem. A supply of carbon dioxide gas is provided 

Electrically-opm-ated intake and relief valves con- with suitable control valves, to take care of removing 
trolled by pressure-operated switches maintained the the air when filling the generator with hydrogen or to 
pressure in the machine at the proper level. A small reniove the hydrogen when scavenging the machine 
motor-driven fan running at constant speed drew a small so that explosive mixtures will not be obtained, 
quantity of gas from the generator and before returning 

it to the machine forced it through an orifice. The Experimental Operating Data 

pressure difference between the two sides of the orifice .... 

is proportional to the density of the gas passing through writing this paper the generator 

it. This difference in pressure was registered on a gage ^ operating satisfactorily for 

seven months. No troubles were encountered with the 
control and sealing gland features and the glands 
themselves showed no evidence of wear when inspected 
after intermittent running with no special attention. 
Whenever the generator was shut down with hydrogen 
in it the oil pump was kept in operation to maintain 
the seal at the shafts. Without oil pressure there was 
some leakage of gas through the sealing glands, but the 
infiltration of air probably would be very slow. 

Comparative temperature rises of the stator and rotor 
of this generator with air and with hydrogen cooling 
are given in Fig. 4. With hydrogen cooling, the machine 
could be rated at 9,376 kv^a., 0.8 power factor. The 
windage loss with hydrogen was 7 kw. as against 73 
kw. with air. This represents an improvement in 
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Fig, 3. Piping and wiring diagrams showing 
hydrogen handling and control methods 


Fig. 4. Operating characteristics of a 7,SOO-kv-a. 
machine operating in air and in hydrogen 


mounted on the front of the panel, so that the opera¬ 
tor could readily determine the purity of the gas in 
the machine. Under normal operating conditions, the 
purity of hydrogen in the machine was maintained at a 
value greater than 96 per cent which, considering that 
mixtures of air and hydrogen containing more than 70 


efficiency of 1.1 per cent at a 6,000-kw., 0.8-power- 
factor load. The cooling water required for 9,375 
kv-a., 0.8 power factor with hydrogen cooling was ap¬ 
proximately 40 gal per min., as compared to 80 gal. 
per min. with air cooling and only a 7,500-kv-a., 
0.8-power-factor load. 
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Deshubiuty op Adopting Hydrogen Coolii(g 

The first question iisually raised in connection with 
hydrogen cooling is: what will happen in ease of an 
explosion? With the worst mixture of air and hydro¬ 
gen, the explomon pressure will be from 50 to 75 lb. 
per sq. in., depending upon the size and shape of the 
gM chambers in the generator. If the frame is provided 
with a number of diaphrams which will blow out at 
relatively low pressures, the pressures developed will 
be lower than the foregoing values. Operating hazards 
with a hydrogen-cooled generator on a control system 
such as that just described probably is no greater Qian 



Wr. 5. A lS,000-kv~a., 750~rep. per min,, SO-cyde, 
hydrogen-cwied, synchronous condenser being 
instaUed gy the Southern California Edison 
Company. Ltd. 


those involved in operating other types of station 
control equipment; therrfore it is questionable as to 
whethor frame structures for hydrogen-cooled generators 
need he made exploaon-proof. No attempt was made 
to deffl^ the two 7,600-kv-a. generators described in 
this article to wi th st an d explosion pressures; however, 
if an. e^losdon-proof frame be considered necessary it 
<muld be built mth some increase in cost ova* that of the 
-lighter frame designed on the bads of gas ti ghinoB P only. 

Several hydrogax-cooled synchronous condensers are 
*now in servi<» and as indicated by the number of this 
type of machine now on order are growing in popularity. 
As the synchronous condenser does not have to be 
mechanically coupled, with any other apparatus, it 
^ be enclosed readily in a gas-%ht cadng with pro- 
5 ^on for co<^g the hydrogen gas and recirculating it. 
g© problan so far as hydrogen-cooled turbine-genera- 
t^^^ncero^^'TOmew^t cBflerent as in order to 
ewfWe It to 


brought out through the gas-tight enclosin’®* ft is 
desirable also to bring the collector-end shaft; outside 
the enclosure to permit work on the brushes while the 
machine is in operation. This is an important feature 
in turbine-generators which are sometimes run 
months or more at a time without shut-down- How¬ 
ever, with the development of sealing glands and con- 
trol apparatus to the point where their operation can be 
relied upon in continuous service, there is no apparent 
reason why hydrogen cooling should not be adopted for 
large turbine-generators. 

Preliminary studies indicate that hydrogen cooling* 
would be desrable in ratings of from 30,000 kw. up. 
In comparison with the cost of the generator, additional 
cost of gas-tight enclosures and the control equipment 
would be relatively small, and the saving in losses 
would justify the slight additional complication due to 
this method of cooling. The cost of hydrogen gas 
should not exceed two dollars per day for the largest 
generators— a, n^ligible figure when compared to 
savings in generator losses. As the turbine floor 
attendant can take care of the gas control equipment 
the labor cost for operating the genoator would be no 
greater tiian for an mr-cooled generator a.nd while 
the hydrogen-cooled design would be somewha-ti harder 
to take apart than an air-cooled design, the absence of 
dirt and corona effects in the machine would probably 
more than balance that point in estimating the cpst of 
maintenance. With built-in gas coolers, as in. the hy- ’ 
drogen-cooled machine, conaderable space under the 
goierator would be available for removal of condenser 
tubes ^d for auxiliary apparatus which is not nirailable 
with air coolers located below the generator. 

The following example indicates the savings in oper- 
atii^ ^penses with hydrogen cooling, and the posable 
capitalization of these savings: 

Assume: 

1. A generator,of 100,QOO-kw. rating, at lAOO rev*, per min. 

2. Reduction in 'windage losses with hydrogen cooling to be 

600 kw. * 

3. Operating tune per year, to be 7,000 hr. 

4. Value of power at the bus to be 0.4 cent per kw-hr. 

Savings can be evaluated as follows: 

Value of poww at bus (4,200,000 kw-hr.).$ 13,800 

Less cost of gas at $2 per day and cost of * 
hydrogen and carbon dioxide for three 
fillings after shut-down'. ... j ^ jqq 

Net saving per year with hydrogen cooling... S 16,700 

Capitalization of savings at 16 per cent.gl06 looo 

While the filrst machines built will cost prpbabhr 
somewlmt more than the equivalent air-cooled milk 
chines, it is hoped that eventually the hydroge]:k~<> 0 Ql^ 
design will be produced for the same cost per tsrsr-a 
the air-cooled design. a. a$ 


Electricai Enginaatepj^ 







Presid 61 lt L66 answers 
Governor Pinchot 

A s A MATTER OF RECORD the 
full text of a telegram received at 
Institute headquarters from Gov¬ 
ernor Gifford Pinchot of Pennsylvania and the full text 
of President Lee's reply thereto are set forth herewith. 

Governor Pinchot's Telegram 

January 28, 1931 

My dear Mr. Lee: 

The Annual Meeting of the American Institute of Electrical 
Engineers now in session is the occasion for my bringing to your 
attention a matter of grave social import which seemingly calls 
for action by an association of engineers specializing in the elec¬ 
trical field. The American system of regulation of the electrical 
industry by state commissions is threatened. The failure of our 
commissions adequately to control electric service furnished to 
the homes and stores, and farms, of the counliry, has occasioned 
widespread public discont ent. 

While these consumer groups use not more than one-quarter 
of the electricity generated they supply approximately sixty 
per cent of the industry’s revenues—and that the most stable 
portion, as expex'ience in the present depression demon steates. 

One of the principal difficulties in regulating domestic, com¬ 
mercial, and rural electric service is the entire absence of any 
literature on distribution engineering—a phase of expense pecu¬ 
liar to the service to small consumers and alleged to account for 
our high domestic, commercial, and rural rates. 

Our public service commissions have at their disposal a wealth 
of information about the generation of electricity and about its 
transmission. But about distribution, which covers the ulti¬ 
mate disposition of transmitted current to our homes, stores, 
and farms, there is not a word. The subject has never been 
discussed before any engineering society—^local or national. 
The secretary of your Institute is authority for the statement 
that the proceedings of your own organization do not mention 
distribution.* 

Over twenty billion kilowatt hours of electricity were sold to 
these three classes of small consumers—^homes, stores, and farms 
—^in 1929 at an average rate of over cents per kw-hr. Sub¬ 
tracting an ample allowance for the generation and transmission 
of the current it will be seen that revenues from this distribution 
amounts to upwards of $900,000,000 annually out of the indus¬ 
try’s total receipts of about $2,000,000,000. 

It is most unfortunate that this vast held of engineering and 
social outlay remains uncovered by an appropriate literature. 

It would be of material assistance to those of us who are charged 
by the people with the responsibility for effective and confidence 
inspiring regulation to have the cooperation of your organization 
in providing ua with the results of technical discussion of distri¬ 
bution engineering, including distribution costs. With the 
importance and social significance of the matter brought to your 
attention, I shall hope to see a start made on a literature of dis¬ 
tribution comparable to those of generation and transmission. 

Yours very sincerely 
SigTied Gippohu Pinchot 

fEdit r’s N tec Apparently tttis statement represents a misinterpreta¬ 
tion of a reply by the editor of Blsotbicajj Engikjmeriko to an Inotiiry from 
Mr. Morris L. Cooke of PhUadolphla, relating exclusively to distribution 
costs. It Is a matt^ of r cord that more than a dozen papers dealing with 
various phases of distribution englneeriug have been published by the 
Institute within the past two years. 


President Lee’s I^tter 

February 7,1931 

My dear Governor: 

Replying to your night letter of the 28th ultimo and with 
further reference to my acknowledgment of Febimary 3:^ Your 
message claims the entire absence of any literatui*e on distribu¬ 
tion engineering and also states that our public service commis¬ 
sions have at their disposal a wealtli of information about the 
generation and transmission of electricity, but about distribution, 
not a word. 

For years past, the American Institute of Electrical Engineers 
Jias had an active committee on power transmission and distribu¬ 
tion, this being one of the standing tecJinioal committees of our 
organization. A large number of papers and discussions upon 
distribution engineering has been presented at meetings of the 
Institute and these have been published in our monthly Journal 
and quarterly Transactions, and are available to the public. 

In Pennsylvania, as in most other States, ©very electric public 
utility company is required to report in considerable detail on 
its plant and operations, including for its distribution system 
its costs under the following headings: 

Iiancl O verhoud sei* vices 

Jjeaseholds Undorgromul couduits 

Rlght8>of-wav Undorgroiiml conductors 

Distribution system structiires Underground transformers 

Poles and Uxturos Underground transformer Instal- 

Overhead conductors lutlons 

Overhead transformers Uiid(}rgroimd services 

Overhetid transformer installations Meters and meter Installations 

Therefore, after considering your telegram, I fear that you have 
been misinfonned on this particular subject. 

The technical problems of distribution are constantly under 
discussion by our organization and this will naturally continue. 
These problems involve such references to costs as may be ap¬ 
propriate to an understanding of the engineering aspects of 
particular problems, but such discussions do not deal with over¬ 
all costs ’of service, whether they relate to electric power, 
telephone, telegraph, railway, or other utilities. Costs of 
distribution necessarily include taxes, cost of financing, and many 
commercial and other aspects, often greatly influenced by local 
conditions, which fall essentially outeide the engineering field; 
hence, discussions of such costs belong more properly to the 
activities of other organizations. 

Our Institute is a professional engineering society, the objects 
of which, as defined in our constitution, are ‘*the advancement of 
the theory and practise of electrical engineering an4 of the^ allied 
arts and sciences and the maintenance of a high professional 
standing among its members.” 

One of the principal methods of attaining these objects is by 
holding national, district, and local meetings for the presentation 
and discussion of electrical engineering and related subjects. 

Any member may submit for presentation and publication 
a paper upon any subject within the field of electrical engineering. 

The code of our technical program committee provides that *‘to 
be acceptable a paper should present information which adds 
definitely to the theoretical or practical knowledge of electrical 
engineering,” and this code also specifies certain groups of sub¬ 
jects which are not regarded as suitable for Institute presentation, 
including the following: ”As abstract propositions not directly 
coimeeted with electrical engineering,—^purely economic and 
allied studies such as rate making, project financing, obsolescence, 
depreciation, statistical methods, utility regulation, factory 
organization, etc.” 

Respectfully yours, 

Signed W. S. Lbid 
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Of Institute an J Relate J Activities 


Winter Convention’s Ten Technical Sessions 
Each Reported Here Under Separate Heading 


Edison Medal 
Presented to Dr. Conrad 

PRESENTATION of the 1930 Edisoa 
Medal, highest award of the Amen- 
can Institute of Electrical Engineers, 
was made Wednesday evening, January 
28, 1931, at a special meeting held in 
connection with the Institute’s winter 
convention, to Dr. Frank Conrad of 
Pittsburgh, for his contributions to radio 
broadcasting and short-wave radio trans¬ 
mission. Dr. Dugald C. Jackson, past- 
president of the Institute, chairman of 
the Edison Medal Qommittee, and one of 
those who assisted in the founding of the 
award in 1904, briefly sketched the origin 
and history , of the medal. The medal 
pres ntation was made by W. S. Lee, 
president of the Institute, following an 
inspirational address by Professor Charles 
F. Scott, past-president of the Institute, 
and Edison medalist in 1929. An 
abridgment of Dr, Scott’s address follows: 

Address of 
Dr. Ghas. F. Scott 

“This twentieth award of the Edison 
Medal is unique, in that the man so 
honored left school when he was but 
sixteen—a year before he might have 
entered high school—^whereas all prior 
recipients of the Edison Medal have 
attended an institution*'of higher learning. 
On leaving school Prank Conrad got a 
job running a drill press making parts 
for Sjiallenberger ampere-hour meters; 
now, after forty years, this self-made 
scientist and engineer receives the dis- 
' tmguished service medal of his profession 
for his important contributions to its 
advancement. 

“Just what differentiated this particu¬ 
lar operator of an ordinary machine tool 
from scores of others in the same shop? 
What enabled this grade-school lad to 
meet successfully the competition of 
thousands of engineering graduates? And 
this in an age assailed by critics as 


numbers of them have had an important 
influence. In the vernacular, this man 
has pulled himself up by his own boot 
straps. But what manner of man is this 
who although little-known to the public 
has made such a record? And what kind 
of straps, and what kind of a pull? To 
answer these questions it is necessary 
only to trace the man’s life and work. 

Conrad’s Early Life 

“What were the antecedents of the ... 
boy, useful, ingenious, ambitious? Con¬ 
rad’s father was a railroad man,—a 


Facsimile of the face of the 
Edison Medal, highest A.LE,E. 
award, made annually *for 
meritorious, achievement in 
electrical science, electrical 
engineering, or the allied arts^^ 

mechanic, a millwright having to do with 
upkeep and repair of machinery, steam 
engines and pumps, heating plant, light¬ 
ing, batteries for telephone, and signals. 
He had sound ideas about developing 
boys for he saw to it that Conrad had 
something to do when not at school by 
providing him with simple tools and a 


together; he experimented with coils and 
improvised parts. He was curious about 
measuring electricity and made his own 
galvanometers. His mother’s father w&s 
a civil engineer; Conrad quietly requisi¬ 
tioned his compass, wound a coil to 
complete a tangent galvanometer and 
had the satisfaction of a uniformly divided 
scale. 

“Conrad’s mother died when he was 
quite young and he lived sometimes with 
his father in Pittsburgh, attending the 
StaiTett School, and at other times with 
his grandparents who lived in Altoona and 
had a nearby farm . . . But school was 
perfunctory. Lessons came easily, but 
the things taught did not excite interest 
or stimulate investigation and thought. 
School seemed a waste of time; he wanted 
to make a steam engine to run his toys or 
a galvanometer to measure his current. 
And so the boy brought with him to the 
laboratory a simple faith in nature’s 
methods which the formal text book did 
not give . . , 

“As co-worker ... I have known 
Prank Conrad for many years . . . We 
met frequently during the twenty years 
we were together ... in the same works; 
... in the subsequent twenty years . . , 
our long-time friendship has deepened 
. , , Accounts of his boyhood traits, of 
his development and methods, and of his 
engineering achievements, are not inde¬ 
pendent chapters but are interrelated in 
a single, progressive story. 

Constructive Inquisitiveness 

“Soon after Conrad began work on the 
drill press a significant incident occurred; 
he observed others who were working on 
arc lamps; he realized their difficulties 

devised improvements. These are 
important steps—observation, analysis, 
invention . , . Subsequently he found 
out by trial why volts should not be 
measured with an ammeter. He made 
the personal acquaintaDce of choke coils, 
transformers, and condensers, and tried 
about everything he could tTiink of with 
circuits and apparatus . . . Also he was 
engaged in studying algebra and geometry 
by himself ... 

Electrical Engineering 


reducing men to duU automatons! Many 
of his achievements have determined the 
course of electrical practise today; untold 
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place to use them—equipment . , , aug¬ 
mented by contributions from the scrap 
heap of the repair shop. 

“Conrad learned the door-boll circuit; 
the ways of connecting battery cells 





. . . “H. P. Davis and Conrad worked 
togrether on the az’c lamp, trying to induce 
it to give a reasonable performance on 
alternating circuits. The early induction¬ 
indieating instruments and watthour 
meter were large and expensive and 
although these lay outside of their official 
province, tJiey undertook to study tJiem as 
a sort of extra-curriculum activity. They 
developed a simple form of long-scale 
indicating instrument which is still used. 

“Conrad then sought improvement of 
Ihe watthour meter and ... by a happy 
combination of painstaking study and 
intelligent cut-and-try ... he evolved 
in 1S97 the type* of magnetic circuit which 
stiil is used in the “round-type** watthour 
meter. 

• 

TypiCAn Radio Amateuh 

“The radio story is fascinating; it began 
in a siinple, indirect way about 1914. A 
fellow engineer boasted a high-grade 
watch; .... in Junch-table discussion 
C-onrad entered his mongrel timepiece in 
competition. Realizing that his watch 
would make a hotter showing if reset 
nigJitly by Arlington time signals he 
undertook to make a radio receiver, and 
presently had a crystal device by whicli 
he heard ticks. Uncertain whetJier it 
was Arlington, he improved his receiver, 
learned 1,he Morse code, and found the 
ticks were the station call of a nearby 
amateur. Pi’esently the Arlington signals 
made his watch the winner. 

“Radio interest continued. His com¬ 
pany took part in war activities and he 
was assigned radio problems and was in 
consulation in Washington, D. C. A mong 
other achievements was a 1,000-cycle, 
200-volt self-exciting generator for air¬ 
planes, weighing eleven pounds (much 
less than the French equivalent), encased 
witli tlie radio equipment, and driven by 
a propeller. This was unique in being an 
American radio device which saw actual 
war service. 

“Following the war, . . . Conrad had 
an experimental station at his home. One 
problem was to perfect apparatus for 
communication between the company’s 
factories in different states. In these 
local tests his conversations and phono¬ 
graph music were heard by neighboring 
amateurs; they liked music better than 
Morse code; they found the source and 
asked for more . . . The enterprise grew 
. . . Presently the studio was moved 
from garage to house and there were 
musical groups who were the original 
radio artists—predecessors of Damrosch 
and Amos *n Andy . . . From neighbor¬ 
hood broadcasting came national broad¬ 
casting. 

Gjsnius 

“Genius .sometimes consists in selecting 
the thing which though simple is worth 


while. Among the innumerable wireless 
amateurs there was one who produced 
something different; one who attracted 
and interested others, and at some per¬ 
sonal inconvenience contributed to their 
satisfaction and enjoyment ... By 
painstaking observation and investigaldon 
in a discarded field Conrad discovered 
the characteristics of the short wave for 
extra long distance transmission and has 
made radio communication and broad¬ 
casting world-wide. 

“In recounting these achievements it 
lias been the aim to indicate how the 
subjects were taken up and how they were 
developed. Scores of other achievements 
might be rnontioned covering methods of 
operation, pieee.s of apparatus, . . . 



DR. FRANK CONRAD 

Edison Medalist for 1930 who 
received the award ^for his 
contribution to radio broad¬ 
casting and short-wave radio 
transmission^* 

grenades, and other war devices, and 
other items covered by some three 
hundred patents. 

“Conrad’s genius has had a propitious 
environment; the traditional inventor 
in the attic suffers for resources and 
sympathetic understanding; the modern 
counterpart is the organized laboratory 
force for industrial research. 

An Individualist 

“Primarily, Frank Conrad is an indi¬ 
vidualist. While cooperative he has not 


surrounded himself with a corps of 
assistants. He liked to work in his little 
shop at home and out of his hobbies and 
his home work have come some of hi.s 
notable achievements. 

“For many years Frank Conrad’s 
official title has been assistant chief 
engineer of his company (Westinghouse). 
A few years ago he received the honorary 
degree of Doctor of Science from the 
University of Pittsburgh. The propriety 
of bestowing such a degree upon one who 
had no other degree was questioned and 
met by tlie reasoning: Granting that his 
career and achievements would have 
merited the proposed distinction had he 
an E. E. degree, was it not more credii;- 
able to have made such a record witJiout 
itr’ 

Dr. Conrad Responds 

After receiving the medal from tlie 
hand.s of President Lee and expres.sing 
deep appreciation, Dr. Conrad responded 
as follows, in part: 

“Our present civilization can be .said to 
he a product of comparatively few devel¬ 
opments. The important ones which 
may he mentioned in the order in which 
they came into tlie world are, (1) printing, 

(2) the railroad, (3) the telephone, (4) the 
automobile, and (5) radio. Each of tlie.se 
has been an influenco in molding the 
lives of people and has changed the 
destinies of nations. 

“Prom early age.s, the human race 
knew the need of implements to further 
their gregarious instinct. At first, man 
depended on muscular effort to travel 
and transport liis goods on land; lie early 
developed the art of water transportation 
from one land to another. Mechanical 
developments made the railroad po.ssible 
and brought about mass movement. 
Then the automobile came as a more 
individualized form of transport. Print¬ 
ing, the telegraph, and the telephone 
made possible the direct exchange of 
ideas without the. necessity of actual 
physical nearness. All of this has* made 
possible our civilization wherein the 
individual may have the benefit of the 
sura total of the knowledge and products 
of his fellow beings. 

Broadcasting Launched Fully 
DEV lSLOrBD 

“The arts mentioned, with the excep¬ 
tion of radio, are not new to this age, but 
their usefulness has been made effective 
by the development of science, tlie uses 
and development going hand in hand. 

Radio broadcasting is distinctive in that 
it was scarcely visualized before the 
present century, but became a possibility 
from the developments of present day 
science. It has the unique distinction of 
having been launched as a fully developed 
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art. In the first year of broadcasting we 
had available all the artifices of the 
present day. It required no new concep¬ 
tions to make possible its success. We 
have made advances in technique but 
they have been of a comparatively minor 
nature ... 

^'Orfe of the factors which made it 
possible for science to have ready nearly 
all the tools required for an entirely new 
art was the World War. Before the war, 
radio was considered as a possible rival 
of the telephone or telegraph, and its 
apparent field of greatest use was in 
communication from ship to shore, vessel 
to vessel, or with isolated spots. The 
desirability of communication between 
ships for even limited distances served as 
an impetus' to the development of devices 
which would thus enable a ship in distress 
to call for help. The apparatus as 
developed before the war period effec¬ 
tively served this purpose although it 
would not make possible the use to which 
radio is put today. The military necessi¬ 
ties of war times not only furnished the 
incentive for a further development, but 
what is even more important, furnished the 
financial support necessary for this work. 

“At the close of the war we found 
ourselves in possession of the products 
of many research agencies, although there 
was no apparent use to which these prod¬ 
ucts could be put. The tools were there 
but there was, so far as the world could 
see, no work for them to do. I perspn- 
ally experienced this situation in that I 
had facilities and equipment to carry on 
this art of radio communication, but no 
incentive to do it other than the natural 
fascination of working with a new tool. 

It is probable that by demonstrating to 
some of my friends the possibilities of 
this new instrumentality, we awakened to 
the fact that radio’s field. of usefulness 
was not between any two restricted 
points, but instead was over the widest 
possible area. Radio broadcasting, a 
new art, so came into being. ... 

“Tim progress of • any development 
usually is one of slow^ evolution. The 
railroad at first was ah exceedingly im¬ 
practical and apparently impossible ven- 
ture^ . . . The telephone instruments 
which *Bell exhibited at the Centennial 
Exposition in 1876 were workable devices 
^nd compared favorably mth the mstrn- 
ments used for many years afterwards. 
Except for refinements that came in later 
years, Bell’s equipment was probably 
the great major step in this development 
■unffl telephone borrowed from radio 
the yaoiium tube, which device has made 
possible the intricate telephone systems 
of today. 

What o» Sbboiaxization? 

V/!Wft Bhonld, of oqupso, oapeot tliat a®y 
Hoyir iiovelopment pw^ss relatiyoly 


more rapidly than those that came in an 
earlier day, because each new develop¬ 
ment has the advantage of utilizing an 
accumulated storage of knowledge. We 
might ask: Is this store becoming greater 
than one individual mind can assimilate? 
An affirmative answer might be construed 
from the present tendency to specializa¬ 
tion, but I hope we shall not specialize so 
thoroughly that some change in our en¬ 
vironment will subject us to the fate of the 
highly specialized prehistoric animals 
who could not survive a change in 
the conditions suited to their particular 
existence. We, of course, may find the 
necessity of extreme specialization in 
present day sciences is not so real after 
all. . . » 


Telegraphic Speed Reaches 
2,500 Words per Minute 

T^ography is the first commercial 

pplioatioa of eleotricity on record. 
Unlike a great many of these early 
developments wliich long sinoe have been 
di'carded, telegraphy still is in the course 
of Mtive development. During the first 
twenty y^rs this development progressed 
to s-remarkable degree—-so far, in fact, 
that further advance in the-art was 
brought- out until the eomparatiyely 
recent, extensive application of the 
vacuum tube. It is a tribute to the 
engmeers of the time of Lord Edvin that 
their'work xfts oaix|ed out upon such a 
firm fopnddtion that no further advances 
were made for -such a long'.period. ■ jljive 
papers presented at the 1931 winter 
convention emphasized th^e efforts being 
put forth to’ increase speed and improve 
accuracy.- > 

Hioh-Spbbd Cablxs 

A joint paper by J.- W. Idjlnor and 
O'. A. Randall, Western Union Telegraph 
Company, New York, showed some of the 
design characteristics and operating per¬ 
formances of high-speed ocean cables. It 
was demonstrated that now a transmit^ 
speed of 1,400 letters par minute, 
Simultaneously in both directions, is 
practicable;, in uni-directionid service a 
speed of 2,500 letters per minute is 
attainable. Indications are that the 
ultimate speed has not yet been reached, 
and that high-speed duplex operation is 
higMy desirable, especially in cases where 
&e installation of only one cable has been 
justified. Ho^-ver, in some cases-Htor 
fixaiuple between imerica and Japan— 
the difference in time is such that most of 
the traiffie naturally flows in one direction 
at a tii^, .tod it is better thi^ore to 
operate in one direction only in order to 


take advantage of the higher speed pos¬ 
sible when operating that way. Usually 
where more than one cable is available 
part of the equipment is operated duo- 
direotionatly, and part uni-directionally, 
depending upon traffic conditions. 

Intbrpbrbncb 

Any consideration of cable operating 
speeds, however, leads to a consideration 
of interference. This was shomi in the 
other paper presented by Mr. Milnor. 
It is known that interference definitely 
limits the speed at which a cable can be 
operated. Such interference is caused 
sometimes by other nearby cables, tod 
sometimes by power or railway systems in 
the vicinity of the cable terminals. TI(p 
most troublesome form is that which in 
origin is chiefly natural, and may be 
likened to atmospheric disturbances com¬ 
monly kno-vm as static. 

The interference from natural causes is 
greatest at moderate frequeueies, de¬ 
creases -with increasii^ depth of cable, is 
greatest at low latitudes, and also depends 
to some extent on cable design and shield¬ 
ing. This type of interference can be 
controlled to a considerable extent by 
installing a “sea earth” of the proper 
length, depending upon the local and 
economic conditions involved. 

Cable Testinq 

An interesting dissertation was pre¬ 
sented by P. B. Bramhall, Western Union 
Telepaph Comptoy, New York, con- 
oenung a -unique telegraph testing ma.- 
chine. The machine was shovm to have 
a mde variety of uses, most important 
of which appears to be the measurement 
of distortion on -telegraph lines, the study 
of telegraph relay operating characteris¬ 
tics, and the measurement of telegraph 
line efficiency. 

The novel feature of this device is its 
recording mechanism through which the 
record is made by electrochemical action 
between the indicating needle and a 
chemically treated paper strip. The 
needle is in continuous contact with the 
paper but does not make a record until a 
potential is applied to it. 

Private-Wire Service 

A paper by W. B, Blanton, Western 
Union Telegraph Company, New York, 
dealt with the system now in use for 
handling messages in telegraph prints 
installationB. This system was developed 
for the quick answering of caUs, which 
is of extreme importance in high-speed 
transmission. 

^ It was stated that in the new installa¬ 
tion in New York, 1,600 eircuits ore being 
handled from 6(» operathig tables. The 
system luto worked out so wdl that only a 
feiw seconds are required to answer a call. 
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and the total time of completing a mes¬ 
sage has been almost halved. 

R. E. Pierce, American Telephone and 
Telegraph Company, New York, gave 
some interesting facts concerning the 
private-wire telegraph service maintained 
by the Bell system. (This paper was 
abstracted, beginning on page 45, oi 
the Jan. 1931 issue of Electrical 
Engineering.) 

The session was presided over by 
H. S. Osborne, Transmission Engineer, 
American Telephone and Telegraph Com¬ 
pany, New York, and vice-chairman of the 
A. I. E. E. committee on communication. 


Higher Speeds 
Aim of Railway Motors 

The only evening business session held 
in connection with the winter convention 
was devoted to the discussion of single¬ 
phase a-c. railway motors. The occasion 
was a joint meeting of the Institute’s 
transportation committee and the Trans¬ 
portation Group of the New York Section. 

Locomotives employing these motors 
have been in use by the New York, New 
Haven & Hartford Railroad Company 
since 1907, and from the standpoints of 
both operating experiences and mainte¬ 
nance costs are proving quite satisfactory. 
In an effort to provide for greater loads 
and higher sustained speeds intensive 
development work has been carried on in 
connection with these motors during the 
past few years. Two papers covering 
design details and operating character¬ 
istics were presented durinSg this session— 
One by H. C. Jungk, Westinghouse Elec¬ 
tric & Mamifacturing Company, East 
Pittsburgh, Pa., and the second jointly by 
F. A. Pritchard and Felix Konn, both of 
the General Electric Company, Erie, 
Pa. A lively discussion followed in which 
almost every phase of operation with this 
type of motor was brought up by the 
numerous railway engineers present. 

These two papers appear in abridged 
form beginning on pages 1009 and 1013 
of the December 1931 issue of The 
Journal of the A. L B. E. 

High Torque vs. High Speed 

Mr. Jungk stated that the prime re¬ 
quirements for railway motors are high 
starting torque and h^h maximum run¬ 
ning speed. The main difficulties in 
achieving this with the series arC. motor 
were found to be in building a motor with 
sufficient poles to keep the flux per pole 
small, and still keep the armature diam¬ 
eter small enough to permit the desired 
running speed. 


In Mr. Pritchard an3 Mr. Konn’s 
presentation, a number of pictures were 
shown illustrating the structural details 
of these motors. Here again was empha¬ 
sized the desirability of keeping the flux 
per pole small in order to minimize 
commutation difficulties but in addition 
was demonstrated how the application 
of interpoles and compensating 'windings 
to these motors also greatly improved 
commutation. 

In addition to the items already men¬ 
tioned, the following were pointed out: 

1. ppemtiiig characteristics of single-phase, 
series, a-c. motors compare favorably with 
those of series, d-c. motors. 

2. Commutator peripheral velocities up to 
9,000 ft. per miQ. now are permissible with the 
use of the disk-spring construction. 

3. Bottpr core materials and more compact 
brush holders have permitted a lai’ge number of 
poles with small motor diameter. 

4. More compact ventilation design now is 
obtained. 

5. The use of roller bearings is an important 
aid in obtaining high speed. 

6. Locomotives now being built with these 
motors have better operating characteristics at 
all speeds than do steam locomotives. 

It was stated that it now is practical 
to build locomotives with single-phase 
series 25-cyolG, a-c. motors (in twin) for 
an axle loading as high as 75,000 lb., and 
a maxijuum sustained speed of 90 mi. per 
hr. There is every reason to believe that 
should higher loading and increased speed 
be desired these limits can be exceeded. 


From InductiTe 
Interference to ■ 
Inductiye Coordination 

Of signiflcance is the fact that an entire 
session of the winter convention was 
devoted to a symposium covering tke 
coordination of power and telephone 
plants. The session was presided over 
by A. E. Hnowlton, associate editor of 
Electrical World, New York, and chairman 
of the Institute’s meetings and papers 
committee, who said of the session: 

* Actually the symposium has done more than 
assemble the elements of the problem Into a 
comprehensive perspective, and thus serve as 
an interpretation for both power and telephone 
enterprises. Xt has demonstrated the ability of 
engineers to solve within their own sphere and 
that of precise economics, problems which 
otherwise would have brought into play the 
Incompatible procedures of law. It also* has 
demonstrated that engineers recognize their 
professional obligations to make available to the 
populace in general the ffults of t«chnicri ac¬ 
complishment at minimum cost and maximum 
sei^ceability. Of aU these performances the 
electrical profession may jusldy be proud/' 


Pack and Ghbrardi Emphasize 
Harmony 

R. F. Pack, vice-president and general 
manager, Northern States Power Com¬ 
pany, Minneapolis, in his introductory 
remarks, preliminary to the formal 
presentation of the technical papers, 
outlined briefly the history of the subject 
and the activities of the joint general 
committee of the National Electric Light 
Association and the Bell Telephone 
System, which has guided the destiny of 
this coordination work since 1921. On 
that initial foundation the various prob¬ 
lems involved were approached in the 
broadest possible spirit of cooperation, 
bearing in mind the fact that the object 
to be attained was the removal of friction 
and the early development of mutually 
satisfactory construction and operating 
standards for these two types of utility 
systems. Mr. Pack said in part: 

"jrt was recognized also that the iJUblic's 
interest is paramoxmt and that both the power 
and communication utilities must be able to 
render their respective services to the public 

in an economical and efficient manner. 

We know now that the foundation stones have 
thus been well and truly laid. It was not so 
much what had actually been accomplished that 
mattered, but that the whole spirit of the rela¬ 
tions between the telephone and power interests 
had been completely changed from one of fric¬ 
tion, distrust, suspicion, and even of enmity, 
to one of conddence, good-will, and u desire on 

the part of both to cooperate.I am 

more and more convinced that this is the sound 
way to settle sudi problems and controvei'sies 
arising between great interests In this country. 
Courts and regulating authorities approve this 
method because it promotes harmony and per¬ 
mits them to devote their time and talents to 
other useful purposes, and because it saves the 
taxpayers the material expense of costly toobnl- 
cal hearings In which the interests of the public 
ai*e in no way Jeopardized." 

In adding brief comments, Bancroft 
Gherardi, vice-president and chief engi¬ 
neer, American Telephone and Telegraph 
Company, New York, and past-president 
of the Institute tersely seconded Mr. 
Pack’s remarks by characterizing the 
original state of affairs as *’pne in .which 
the two utilities agreed on nothing, 
whereas now therb was entire agreement 
as to the fundamentals involved, and a 
willingness to work in harmony” in 
solving detailed and specific problems. 

In emphasizing the economic value to all 
parties concerned including the users of 
utility services, of working out contro¬ 
versial problems on the basis of sound 
engineering judgment instead of fighting 
them out before courts Srnd regulatory 
oomnpBsions, Mr. Gherardi cited the 
whole situation as illustrative of the 
broadening scope of the engineer md his 
work. 

Technical Problems Outlined 

The ‘’Trend in Telephone and Power 
Practise as Effecting Coordination,” dis- 
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cussed by W. H. Harrison, American 
Telephone and Tel^raph Company, New 
York, and A. E. Silver, Bleotric Bond and 
Share Company, New York, is liberally 
abstracted elsewhere in this issue* 

The ‘^Status of Joint Development and 
Research on Noise Frequency Induction,” 
was given by H. L. Wills, Georgia Power 
Company, Atlanta, and O* B. Blackwell, 
American Telephone and Telegraph Com¬ 
pany, New York, who classified the 
factors contributing to induction in 
general and to noise frequency induction 
in particulaj*, discussed methods of 
control, and outlined some of the further 
work to be imdertaken, A similar 
dissertation concerning low-frequency 
induction was presented by R. N. 
Conwell, Public Service Bleetric & Gas 
Company, Newark, N. J., and H. S. 
Warren, American Telephone and Tele¬ 
graph Company, New York, who gave a 
classification of factors responsible for 
inductive effects and discussed the various 
factors controlling the magnitude of 
induced voltages, their frequency of 
occurrence, and their duration and effect. 
Types of protective measxires also were 
discussed at some length. 

J. C. Martin, Middle West Utilities 
Company, Chicago, and H. L. Huber, 
American Telephone and Telegraph Com¬ 
pany, New York, discussed the ”Status 
of Cooperative Work on Joint Use of 
Poles,” pointing out good and bad 
construction practises. (This paper is 
abstracted elsewhere in this issue.) 


Industrial Subjects Attract 
Institute Attention 

Electron tubes, automatic regulators, 
electrical distribution systems and special 
types of synchronous motors were in¬ 
cluded in the discussions presented during 
a winter convention session devoted to 
industrial power applications of electrical 
equipment. 

High-Torqttb Stnchronotjs Motors 

A special ‘‘Synchronous Motor with 
Phase-Connected Damper Winding As a 
“Drive for EKgh-Torque Loads,” was de¬ 
scribed by M. A. Hyde, Jr., Westinghouse 
Electric & Manufacturing Company, 
Bast Pittsburgh, Pa. This particular 
type of motor was described as having 
been designed to meet industrial require¬ 
ments for low-speed ^mohronous motors 
such as are used in the drive of grinding 
machinery in the cement and mining 
industries. This t 3 rpe of motor is capable 
of developing extremely high starting 
and pull-out torque although the results 
obtained are bound up to an vinusual 
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extent in the ‘control equipment which 
of necessity is somewhat more compli¬ 
cated than with the ordinary synchronous 
motor. 

Some of the problems met in the design 
and application of synchronous motors to 
meet special industrial requirements were 
discussed by D. W. McLenegan and A. G. 
Perriss, of the General Electric Company, 
Schenectady, N. Y. They presented the 
conclusions that the design characteristics 
of a normal type of synchronous motor 
best adapted for steswiy-load operation 
should include: (1) separate d-e. excita¬ 
tion, (2) internal revolving field, (3) 
laminated salient-field poles, (4) air-gap 
equal to from 1.5 to 2.0 per cent of the 
pole pitch, (6) amortisseur winding 
section of sufficient heat capacity to 
enable the motor to start its load safely, 
and (6) open armature slots somewhat 
fewer in number than those of an equiva¬ 
lent induction motor. They outlined 
methods whereby without abandoning 
this basic form the electric design of a 
synchronous motor may be so propor¬ 
tioned as to meet the charaoteristics 
required for many different exacting 
industrial applications. 

Industrial Control and Power 
Distribution 

J. H. Ashbaugh, Westinghouse Electric 
& Manufacturing Company, East Pitts¬ 
burgh, outlined some of the many 
industrial operations in which the applica¬ 
tion of automatic regulators of one kind or 
another could be made advantageous. 
He explained the fundamental theory of 
all regulators and pointed out that any 
one regulator has a wide range of applica¬ 
tions possible, stating as an example that 
a voltage regulator could be used just as 
well as a speed regulator or a current 
regulator. Mr. Ashbaugh asserted that 
one of the greatest needs was for a fully 
satisfactory and dependable speed regula¬ 
tor, and described a newly developed 
carbon-pile device developed for this 
service. 

In discussing “Electrical Distribution 
Systems for Industrial Plants,” Walter 
J. McClain, electrical engineer with 
Louis T. Klauder, consulting engineer, 
Philadelphia, outlined a method of 
compiling distribution problems and by 
analyzing these, determining a solution 
embodying general requirements suitable 
for an electrical system serving Industrial 
plants. The scope of his consideration 
included everything from the source of 
power supplied to the power-consuming 
devices. 

W. R. King, General Electric Company 
Scheneotady, in his paper “Electron 
Tubes in Industry,” gave an illuminating 
index to some of the rapidly increasing 
applications of various electron tubes. 
He touched briefly upon the theory and 


characteristics of photoelectric tubes and 
their application, discussed briefly the 
theory and application of the “pliotron,” 
and discussed at some length the theory 
and application of the thyratron. 

C. H. Drake, general engineer, Westing¬ 
house Electric & Manufacturing Com¬ 
pany, and chairman of the A. I. E. E. 
general power applications committee, 
swung the gavel during this session. 


Traveling Waves and 
Lightning Effects Studied 

In a winter convention session devoted 
to some of the problems incident to elec¬ 
tric power transmission, two general 
subjects were discussed in five papers; 
(1) traveling waves on transmission sys¬ 
tems and (2) lightning investigations of 
one character or another. The session 
was presided over by P. H. Chase, chief 
engineer of the Pliiladelphia Electric 
Company, and chairman of the Institute’s 
transmission and distribution committee. 

Continuing an extended investigation, 
L. V. Bewley, General Electric Company, 
Pittsfield, Mass., discussed further his 
investigation and calculations of “Travel¬ 
ing Waves on Transmission Systems,” 
In the current paper Mr. Bewley pre¬ 
sented the theory of traveling waves on 
multi-conductor systems and compiled a 
brief compendium on the general subject 
of traveling waves on transmission 
systems. The origin, shape, and general 
characteristics of traveling waves are 
discussed; equivalent circuits of terminal 
equipment and the corresponding reflec¬ 
tions and refractions from such junctions 
were given for a large number of oas^. 
Methods of computing a multiplicity of 
successive reflections by means of graphi¬ 
cal lattices also were d^oribed. This 
latter is quite similar to the author’s 
dissertation as presented at the 1930 
Pacific Coast Convention at Portland, 
Ore. 

Attenuation and Rbfi..bction 

In discussing the “Attenuation and 
Successive Reflections of Traveling 
Waves,” James C. Dowell, General 
Electric Company, Pittsfield, described a 
method which he had followed in segre¬ 
gating the individual waves from the 
oscillographic record of the voltage at a 
transition point due to the superposition 
of several successive reflections. In the 
author’s opinion it is necessary to effect 
this separation to permit the determinar 
tion of wave attenuation on a given 
transmission line. He stated that in 
the past it has not been unusual to at- 
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tribute the reduction in crest value of 
each successive reflection to attenuation, 
whereas the major cause of such reduction 
WM reflection at the terminal equipment. 
The author presented analyses and calcu¬ 
lations of the information revealed in 
^rtam oscillograms of successive reflec- 
ion, and stated that his calculations 
demonstrated that by treating the line as 
distortionless the behavior of artiflcial 
hghtning suig:es on a transmission line 
could be computed with a reasonable 
degree of engineering accuracy. 

To supplement laboratory information 
on the subject, “Impulse Tests on Sub- 
rtations” of the Public Service Electric & 
«as Company, Newark, N; J., were 
reported upon by R. M. Southgate and 
^8. Brookes of that company, and E. R. 
^itehead and W. G. Roman, of the 
Westmghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., These 
practical tests on an operating system 
included the surging of a 220-kv. switoh- 
ing station over eight miles of overhead 
hires. A study was made of the effects 
of vmous amounts ol connected bus and 
station equipment, and the effect of differ- 
Gnt arrester locations* 


(4) Direct and induced strokes 
sldered* 


must be con- 


MbrcurtArc Rectifiers 
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of high-footing resistance. 


(6) Tower footing resistance must be low If 


Machinery Developments 
Fmerge From Laboratory 

Five papers were presented at the 
mac^ery session of the winter con¬ 
vention, eaeh recording a deflnite advance 
in the knowledge of electrical machinery 
perfomance. When asked for his im¬ 
pressions of the session, P. L. Alger, 
a^stant to the vice-president in charge 
of design engineering, General Electric 
Coiupany, Schenectady; chairman of the 
A. I. E. B. electrical machinery com¬ 
mittee, and chairman of the session, said- 


Dr. A. W. Hull of the General Electric 
Research Laboratory described striking 
improvements in mercury arc rectifiers 
obtained as a result of extended research 
work, particularly on the control Of cur¬ 
rent flow from the anodes. By the use 
of anode heaters to provide a definite 
m^oury vapor pressure, the use of grids 
to increase the arc-back potential, and by 
other means the current-carrying capaci¬ 
ties of rectifiers have been greatly 
increased, and the frequency of arc-backs 
has been materially reduced. New 3,000- 

volt rectifiers employing these new'fea^ 
tures now are in successful operation 
supplying all the power for the D. L. & 
W. electrification. In commentiug on 
paper, H. D. Brown, co-author with 
Dr. Hull, mentioned that the research 
work described had enabled the current 
opacities of rectifiers to be more than 
doubled in a brief time, and enabled very 
high momentary overload current ratings 
to be given* Mr. Brown also mentioned 



PiBLD Data on Liohtninq 

• practical data were sought 

w a Lightning Investigation on a Wood- 
Pole Transmission Line,” reported upon 
oy R. R. Pittman, Arkansas Power «& 
^ght Company, Pine Bluff, Ark., and 
J. J. Torok, Westinghouse Bleotrio & 
Manufacturing Company, East Pitts¬ 
burgh As a result of field tests covering 
a total of 38 suig:es occurring on a highly- 
i^lated wood-pole transmission line, 
the authors concluded that harmful 
^eots are caused only by direct strokes. 

c 38 singes recorded, one reached a 
cr^t of 5 million volts and one a crest of 
4:A million volts; analysis showed that 
® singes were the results of 
lightning striking the line and causing 
faults between conductors but not to 

ground. Records obtained indicated that 

singe currents varied relatively from 
msignificant values to 100,000 amperes. 
The authors conclude that insulation 
^one does not bffer a solution to the 
lightning problem, 

I^esenting his fifth annual paper on the 
subject of “Lightning Experiences on 
the 132-Kv. Transmission Lines of the 
American Gas and Electric Company,’^ 
Philip Spom, chief engineer of that 
company, discussed and analyzed the 
r^ords of his system for 1929. Upon the 
basis of his own analyses the author has 
arrived at the conclusion that: 

(1) Two-clrcult Unes ai-e more reliable than 
single-circuit lines, 

(2) Two ground wires are better than one. 

trading shields do not reduce line out¬ 
ages, but decrease lino damage. 


Substation is Built in 70 Working Days 


jjjuiiwjN witnin 70 worki 
days and with an average of 75 
on the job of the substation shown in t 
accompanying illustrations is the reeo: 
established by the United Engineers 
Constructors, Inc. The station w 
built at North Arlington, N. J., for tl 
Piiblic Service Electric & Gas Compai 
(Newark, N, J.) and it is stated th. 
notwithstanding the speed with whic 
the job was completed the unit costs ( 
^rrymg on the work were no higher tha 
tot other structures of similar desigi 
The building is 70x30 ft., with the outdoo 
^cture designed to accommodate fou 
26.4-kv. incoming lines, twelve 4.16-k\ 
automatically-regulated feeders, tei 
street-light circuits, and two 6,000-kv-a 
transformer banks. At present two 26.4 
kv. linos, six 4.1.5-kv. lines and two street 
light circuits are in service. 
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that there is now under construction a 
10,000 ampere, 625 volt rectifier. 

‘‘Gabriel Kron of the United Research 
Corporation, (Long Island City, N. Y.) 
presented a paper on the slot effects in 
induction motors, giving ten definite rules 
to predetermine vibration, “crawling,” 
^and noise. While this subject is a fa¬ 
miliar one, and most designers have 
developed fairly satisfactory rules for their 
own use, Mr. Kron’s paper presents for 
the first time a compact rational explana¬ 
tion of all these effects. 

Stboboscopic Movies 

“H. E. Edgerton, of the Massachusetts 
Institute of. Technology electrical engi¬ 
neering staff presented a paper on the 
synchronizing performance of salient pole 
synchronous machines. His discussion 
was illustrated with a stroboscopic mov¬ 
ing picture which showed the motion of 
the rotor as clearly as if the observer 
actually were carried around with the 
revolving flux, thus enabling the oscilla¬ 
tions as the rotor pulls into step to be 
seen plainly. The solution of the saJi- 
ent-pole-machine synchronizing equation 
never has been obtained mathematiciJly, 
because of its complex form, but Mr. 
Edgerton put the M. I. T. integraph to 
work on the task and with it obtained an 
exact solution in a form very convenient 
for use by designers. Discussion of the 
paper indicated that the results will be 
of immediate practical use in enabling the 
load synchronizing ability of S 3 m<fiironou 8 
motors to be accurately predetermined. 

Hbat Flow in Tuebinbs 

“C. R. Soderberg, Westinghouse Elec¬ 
tric and Manufacturing Company, de¬ 
scribed a complete theory of steady-state 
heat flow in large turbine generators, 
which he has developed. The theory is 
based on laying out the heat-flow paths 
in the form of deflnite thermal mreuits, 
and opnverting these into equivalent 
elec^cal oimuits, the solution of which 
are in familiar form. . The proportions of 
the total heat dissipated from the various 
machine surfaces were discussed, and a 
future .paper giving experimmital results 
was promised. 

^ ‘The last paper of the session was one 
dealing wito the effects of transient 
voltages on power transformers, by 

^ falueff of the General Electric 
Company. This paper is the third in a 
scries written by the author, presenting 
the theory and practical results of shield¬ 
ing as a ineans of reducing the voltage 
concentration in transformer windings 
Tindw lightnii^ and switching surges, 

fet two papers dealt wiQi two-cir- 
ouit trwisf^ers soKdly grounded, and 

t^u^ ap. ito^p^ldor, 

this ' 

'1he ;^to> tr^ lie thegretieal 


and experimental results presented show 
^at it is possible now, by proper shield¬ 
ing, to control the surge voltage distri¬ 
bution throughout the windings of all of 
these types of transformer, thus greatly 
reducing abnormal voltage stresses and 
permitting simpler insulation design.” 


Protective Devices 
Improve Electric Service 

Developments in circuit-interrupting 
devices and theory easily occupied the 
center of the stage in the winter conven¬ 
tion session on protective devices; not, 
however, to the exclusion of presentations 
concerning transient stability limits of 
I^wer systems and current advances in 
lightning arrester theory and application, 
which also claimed general interest. 

Lightning Pbotbction 

J. J. Torok, Westinghouse Electric & 
Manufacturing Company, East Pitts- 
b^h, Pa., described “An Experimental 
lightn^ Protector for Insulators*' the 
operation of which was said to be aimilft-r 
to that of the expulsion fuse, causing the 
extinction of the arc at the end of the 
first half-cycle when the current goes 
through zero value. The supporting 
principle is that excessive potentials will 
set up an arc m the confining chamber, 
which are is subsequently extinguished 
by a deionizing effect in a remarkably 
brief p<nriod of time, thus clearing the 
system of what otherwise might be a 
troublesome flashover. 

In “Field Tests on Thyrite Lightning 
Arresters Usiiig Artificial Lightning of 
1,500,0(X) Volts** described by K. B. 
MoBachron and B. L Wade, General 
Electric Company. Pittsfield, Mass., 
the authors had studied that type of 
arrester in experimental operation on a 
46-mi. transmission line. As a result of 
experimental findings it is proposed that 
line insulation shall be limited for a dis¬ 
tant of a half-mile back from the station 
at which lightning arresters are installed. 
Oscillograms were interpreted to show 
that for the traveling wave used, no pro¬ 
tection is offered by an arrester at a dis¬ 
tance of 2,180ft. 

Ststbm St abilitt 

In sugg^ting the “Series Resistance 
Method of Increasing Transient Stability 
limits,** R. C. Bergvall, Westinghouse 
Electric & Manufacturing Company, East 
^ttsburgh, Pa., Characterized it as an 
ace in tiie hole** of some Importance in 
effecting station norstem stability, par- 
tictOariy in connection with hydroelectric 
generators of relatively tow Inertia as 


compared with the system load inertia. 
He presented evidence to support his 
contention that sjuiclironism could be 
maintained readily on a hydro system of 
normal proportions for any type of fault 
if, through a combination of high-speed 
cirouit breaker and high-speed relay 
operation, a series resistor of suitable 
proportions could be inserted in the 
generator neutral lead for a brief period 
of time. 

Circuit Breaker Trends ' 

In discussing “The Trend in Develop¬ 
ment of Modem Cirouit Interrupters,” 
J. B. MaoNeill, Westinghouse Electric 
& Manufacturing Company, East Pitts¬ 
burgh, Pa., reviewed briefly the major 
mechanical and electrical characteristics of 
all important contemporary devices includ¬ 
ing some foreign types. Mr. MacNeill 
stated that through the use of the mod¬ 
em high-power testing facilities now 
available to engineers, many of the 
now novel ideas for such interrupting 
devices may possibly be developed com¬ 
mercially. It is his conclusion that the 
several forms of circuit intermpters .not 
using oil and which now are assuming 
commercial importance, should be limited 
in application to insulations of 25 kv. or 
less, and largely for indoor service only. 
For higher voltages he sees little competi¬ 
tion with the oil circuit breaker in its 
present greatly improved forms. 

“The Oil-Blast Circuit Breaker** (see 
page 134, Electrical Engineering, 
February 1931) was described at some 
length by D. C. Prince and W. F. Skeats, 
General Electric (tompany, Schenectady. 
Ea^nsive field and laboratory tests on 
this breaker itself and in comparison with 
other types, were described at length in a 
paper by Philip Spom and H. P. St. Clair, 
of the American Gas & Electric Company, 
New York, and in a p^w by R. M. 
Spurck and H. E, Strang, General 
Electric Company, Philadelphia. These 
latter two papers presented field and 
laboratory test results upon the basis of 
which the General Electric authors stated 
mi>artthat; 

“A high-voltage, high-^pacity breaker 
now has been demonstrated to have the 
ability to interrupt forty short circuits 
up to 115 per cent of its rating in a short 
period of time without inspection or 
attention and sjdll be in condition to 
operate. This would indicate that in 
some respeote the general impression of 
wi oil circuit breidrer as an unreliable 
device and one req,uiriiig undue main¬ 
tenance may be subject to revision. 
Bnoh a developm|fit appears to meet the 
requirements set up only a few years ago 
by some dperating engineers for a breaker 
that would operate 60 times under short 
cirouit without requiring attention.** 
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In eojinnenting upon the session its 
ehairiuan, Raymond Bailey, assistant 
electrical engineer of the Philadelphia 
Electric Company, chairman of the 
Institute’s protective devices committee 
said, in part: 

“Discussion or the oil cii'cuit bimlcer papers 
indicated a cUsagreoinent between tJie rosciirch 
enipneeis of American inaiiufactiirers, on the 
iiudeiiyiiig theory of circuit interruption in 
oil. This frank dLscusslon of opposing views 
should prove particularly valuable in ajTiving 
at the llnul solution of the oil circuit breaker 
problem/* 


Welding Session Studies 
Arc Characteristics 

Of importance and particular signiii- 
eance in the hold of electric welding is the 
trend of roseai'ch and investigation toward 
a better understandiiig of the basic 
fundainentals underlying the electric arc 
itself. While the cut-and-try method 
based upon lleld experience and labo¬ 
ratory tests has been responsible for 
some noleworlhy improvements in both 
welding equipment and procedure it 
stands to reason that a more intelligent 
and economical solution to many of the 
problems of that arc may be expected 
when the basic fundamentals of the 
electric arc it.solf are better understood. 
In recognition of the prominent place 
occupied by electric welding in the held 
of engineering activities is evidenced by 
the fact that one entire session of the 
winter convention program was devoted 
to that subject under the chairmanship 
of P. P. Alexander of the General Elec¬ 
tric Laboratory, and chairman of the 
A. I. E. E. welding committee. 

The principal contribution of funda¬ 
mental research was in the discussion of 
“Some Experimjcnts With Arcs Between 
Metal Electrodes” presented by Prof. 

G. M. Slu'uni, University of British 
Columbia, Vancouver, B. C., and PI. G, 
Wiest, Jr., General Electric Company, 
West Lynn, Mass, and presented by Dr. 
Saul Dusehmann, General Electric Com¬ 
pany, Schenectady. The paper described 
experiments on arcs occurring between 
metal electrodes in argon and other gases, 
in which the current was controlled by 
means of a kenotron. Volt-ampere char¬ 
acteristics of the discharge for the en¬ 
tire transition stage from glow to arc, 
or the reverse, were obtained by varying 
the temperature of the cathode in the 
kenotron. According to observation the 
spectrum of the discharge in the arc 
phase is characteristic of the cathode 
material, at least for the smaller current 
values. Results obtained led the authors 
to state that they did not support the 
assumption that a temperature effect at 


the cathode and the resulting thermionic 
emission causes the glow discharge to 
develop into an arc. Rather, the indica¬ 
tion is that the resulting arc is a matter of 
current density of the cathode. 

Auc-Welding Equipment 

Arc welding generators and related 
equipment in one form or another were 
discussed at some length in three papers; 

1. An Improved Ai'c-Weldtijg Generator, by 
J. H. BiaakenbuelUer, Westingliouso Electric & 
Miniufucturing Co., Bast Pittsburgh, Pa. 

2. The Neutralized Weldor—A Means of 
Control ling Tnuisionts, by Frederick Croody, 
Lohigli University, Bothieheni. Pa. 

3. A System for D-C. Arc Welding, by S. R. 
Bergman, General Electric Ooinpiiny, West 
Lynn, Mass. 

Mr. Blankenbuehler attributed most 
of the trouble in starl-ing and maintaining 
arcs to the operating characteristics of 
the welding generator involved, and 
presented an analysis , of these troubles 
explaining them in tez*ms of generator 
design. He described equipment includ¬ 
ing a specially designed transfonner built 
into the circuit of a welding generator in 
such a manner that surges due to arc 
variations are practically obviated. 

These three papers presented various 
experimental data—mathematical and of 
other analyses—and the results of a 
certain amount of practical experience. 
Suggestions covering the use of trans¬ 
formers, reactors and special machine 
design in varying combinations, all 
intended to take the peaks out of the 
short-circuit characteristic curves of weld¬ 
ing genemtors were made by the au¬ 
thors. The resulting general discussions 
and barrage of claims and counter-claims 
somewhat clouded the issue so far as it 
concerned the accurate determination of 
just which one of the several ideas was 
conceived first or worked best. However, 
the consensus of opinion seemed to be 
that the general trend of the suggested 
development, and certainly the objective 
were correct. 

WniiDiNQ Methods 

A method for the “Resistance Welding 
of Motor Frames,” discussed by Malcolm 
Thomson, General Electric Company, 
Lynn, Mass., involves the use of a 
fiash-welding process which appears to be 
particularly successful in this application. 

The author of this paper described the 
process of making motor frames from fiat 
plates rolled into cylindrical form and 
butt-welded by the flash process; with 
feet welded on by ordinary arc welding. 

He added that these two welding methods 
made possible the production of motor 
frames from 25 to 50 per cent cheaper 
than with corresponding steel castings 
besides adding the definite advantages of 


greater uniformity in dimensions and 
structures. 

Equipment and procedure for “Electric 
Resistance Brazing,” were described by 
Samuel Martin, Jr., General Electric 
Company, Schenectady. Equipment de¬ 
veloped includes a special portable 
transformer unit complete with service 
extension cord, leads of convenient length, 
and a specially-designed brazing clamp or 
tongs. Soft carbon blocks are used in the 
tongs as the heating elements, and the 
metallic parts to be brazed are clamped 
between them, receiving all of their heat 
according to the author, by conduction. 
With this equipment and tJio use of silver 
solder, joints of much greater mechanical 
strength, durability, and higher electrical 
conductivity than the more usual soft 
solder joints, were said to result with an 
actual saving in cost per joint. 


Research Forms Basis 
For Further Development 

Seven subjects, principally of a funda¬ 
mental nature and revealing some note¬ 
worthy results of continued persistent 
efforts, were presented and discussed in a 
winter convention session devoted to 
research. L. W. Chubb, assistant to the 
vice-president of the R. C. A.-Victor 
Corporation, and chairman of the Insti¬ 
tute’s research committee, presided. 

Oil Characteristics Sought 

“Some Electrical Characteristics of 
Cable Oils” were outlined by Hubert H. 
Race, General Electric Company, 
Schenectady, who divided his presenta¬ 
tion into tliree parts. His first section 
dealt with routine measurements of d-c. 
resistivity and described a quartz-insu¬ 
lated testing cell and portable testing set 
for use with it, with which it is claimed 
that absolute resistivity between 1 X 10® 
and 1 X10*^ ohms per cm.® can be 
measured at any temperature up tp 160 
deg, cent. In his second section he gave 
data concerning the variation of the 
apparent d-c. conductivity of a heavy 
cable oil with potential gradient and with 
temperature showing that the conduc¬ 
tivity is constant only for very low 
gradients. His third section was a 
summary of variations of dielectric coefiS- 
cients and dielectric loss, occurring with 
temperature and frequency as observed 
for a viscous cable oil. His analysis 
shows that the total dielectric loss is the 
sum of two components, one due to 
conduction and the other qualitatively 
explained by Debye's theory of polar 
molecules. 
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In a companion paper, J. B. White¬ 
head, of The Johns-Hopkins University, 
Baltimore, presented some of the results 
of his further investigation into “The 
Conductivity of Insulating Oils.” Dr. 
Whitehead concluded that: 

(1) Oertain high-grade insulating oils have 

electrical characteristics in type and 

comparable in magnitude to those of the care¬ 
fully refined. poorly>conducted liquids used in 
physical research. 

(2) In the purest state they show a definite 
though brief dielectric absorption. 

(3) The Initial di lectric absorption Increases 
with decrease of temperature and thus is asso¬ 
ciated with th viscosity. 

(4) The dielectric loss at less than fiO cycles 
alternating stress is determined definitely by 
the continuous-oorrent diaracteiistics within the 
intervid from zero to 0.1 sec. 

(5) The initiiJ absorption conductivity and 
subsequent decay are not completely accounted 
for by the residual impurities as frequently 
stated. 

In collaboration with Dr. Whitehead, 
Prof. W. B. Kouwenhoven, The Johns- 
Hopkins University, presented a paper on 
on “Fundamental Properties of Im¬ 
pregnated Paper.“ The authors jointly 
emphasized the importance of the initial 
conductivity of impregnated oils as dis¬ 
tinguished from the final conductivity 
and stated that higher conductivity is 
reflected in increased losses arising from 
both reversible and irreversible dielectric 
absorption. 

Vacuum Tubes Controi* Trappic 

Traffic-control equipment operated 
automatically by light beams, one of 
the many and ever-increasing commercial 
applications of the versatile vacuum tube 
was described by R. C. Hitchcock, 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa. The 
equipment is described fully elsewhere 
in this issue.. 

Commutation in Hydrogen 

Two papers having to do with research 
looldiig toward the improvement of rotat¬ 
ing machinery, were presented by R. M. 
Baker, and G. M. Little, Westinghouse 
Electric & Manufacturing Company, 
East Pittsbxirgh, Pa. As the result of 
experimental data collected by Mr. 
Bakqr concerning “Commutation and 
Current Collection in Hydrogen,” he 
has come to the conclusion that: 

(1) A commutalior macbine designed and 
adjusted for good commutation in air wiU oper¬ 
ate satisfactorily and give good brush life in 
hydrogen. 

(2) If a commutator madiine must spark in 
hydrogen the brush life may be increased mate¬ 
rially by maintaining less than lo per cent 
humidity. 


(3) Ck>ntact resistance between carbon brushes 
and commutator may be lowered materially by 
the introduction of hydrogen. 

(4) Oarbon or graphite brushes cannot be 
operated satisfactorily on plain tool-steel slip- 
rings running in hydrt^en and that 

(5) contact drop between a carbon or graphite 
brush and a brass slip-ring may be as much as 
ten times higher with the ring running in i^r as 
it is with the ring running in hydrogen. 

Mr. Little has been investigating 
“The Application of the Helical Groove 
to Slip-Rings and Commutators,” and 
has come to the conclusion thsit the 
helical groove: 

(1) provides a means for forcing a more uni¬ 
form distribution of current over the brush face; 
(2) permits the escape of air trapped under a 
brush: (8) prevents local spot heating imder 
overload conditions: (4) raises the content drop 
of the brush, improving commutation and (6) 
in some cases increases brush life. 

A rather comprehensive paper by 
C. G. Suits, General Electric Company, 
Schenectady, covering his “Studies in 
Non-Linear Circuits” and a discussion of 
the “Magnetic Circuit Units as Adopted 
by the I. E. C.” prepared by Dr. Arthur 
E. Kennelly, Harvard University, brought 
the research program to a close. 


Railroad Electrification 
Problems Are Discussed 

Of the five papers presented at the 
transportation session of the winter 
convention, two may be said to be of 
general interest in the field of transporta¬ 
tion, and three of somewhat specific 
interest in that field. In commenting 
upon the session, Sidney Withington, 
electrical engineer of the New York, 
New Haven & Hartford Railroad, chair¬ 
man of the Institute’s committee on 
transportation, and chairman of the 
session said, in part: 

Mr. Moreland's paper was especially timely 
in tliat it followed closely the inauguration of 
one of the notable projects of the year in 
railroad electrification. The comprehensive de¬ 
scription, together with the inspection trip, 
presented to the Institute members a somewhat 
unusual opportunity to learn the details of the 
Lackawanna electrification. Mr. Drake’s paper 
on the Sperry fissure detector car also was timely 
and may well be considered a tribute to the late 
Elmer A. Sperry. 

The five papers presented were: 

1. Lackawanna Suburban Electrification, by 
E. L. Moreland, Jackson & Moreland, Boston. 

2. Motive Power for Suburban Electrifica¬ 
tion, by Charles ICerr, Jr., Westinghouse Elec¬ 
tric & Manufacturing Company. East Pitts¬ 
burgh, Pa. 

3. Transverse Fissure Detector Oar, by 
H. O. Drake, Sperry Products, Inc., Brooklyn. 
N, Y. 


4. Inclined Catenary Calculations, by B. M. 
Pickens, Westinghouse Electric A Manufac¬ 
turing Co., Bast Pittsburgh. Pa. 

5. Design of Catenary System for Cleveland 
Union T rminal, by N. F. Clement and E. E. 
Richards. Cleveland Union Terminals Company. 

Mr. Moreland’s paper is rather fully 
abstracted elsewhere in this issue. 

Mr. Kerr dwelt upon the. problems 
peculiar to suburban electric railway 
operation where the number of cars 
required during rush hoiirs varies from 
two to six times that required for off-peak 
service. He pointed out that trailer 
cars may be used to advantage under 
these circumstances without reducing the 
schedule speed more than three or four 
per cent. • 

In discussing this paper, H. F. Brown 
of the New York, New Haven & Hartford 
Railroad stated that for twenty years his 
road had used a system similar to that 
which Mr. Kerr outlined, and that it 
worked out very well. 

Faulty Rails Revealed 

In introducing Mr. Drake, Mr. With¬ 
ington paid tribute to the late Emler A. 
Sperry who was directly responsible for 
the development of the rail-fissure detector 
described in Mr. Drake’s paper, and one 
of the last of the many contributions 
which Mr. Sperry ]ias made to civiliza¬ 
tion. This presentation was illustrated 
by a moving picture which showed the 
effectiveness of the device in locating all 
kinds of transverse rail faults and fissures 
before the point of actual rail breakage. 
As many as 24 fissures have been found in 
a single rail section. 

In Mr. Pickens* absence Mr. Kerr read 
an abstract of his paper. This paper 
demonstrated a unique method for calcu¬ 
lating the space factors involved in the 
design and layout of inclined overhead 
catenary construction as required in 
electric railway work, fiis method pro¬ 
vides for a smooth, continuous curve of 
contact wire from span to span, lying in a 
horizontal plane. 

The Cleveland Union Terminal is a 
station which is xised jointly by the several 
railroads entering Cleveland, and is 
located in a central part of the city; the 
electrification, which is of the 3,000-volt 
d-c. type, extends from the terminal some 
distance out in both directions, covering 
a total of 59 track miles. The last paper 
of this session explained the design 
details of the overhead power supply used 
on this electrification. The scheme con¬ 
sists of tangent-chord compound catenary 
system. Parabola formulas were used 
for the calculations and where feasible 
were made up in the form of charts. 

In discussing all of the papers of this 
session, D. C. Jackson brought out the 
point that the problem involved in 
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electric railway construction and opera¬ 
tion was primarily one of transportation, 
and that the electrical engineering work 
involved was chiefly a means to the 
furthering of that end. According to 
Mr. Jackson the most important question 
to be answered is an economic one; *^will 
the improvements possible through elec¬ 
trification Justify themselves from a. cost 
standpoint?’* 


Winter Convention 
Attracts 1,589 Registrants 

With devotion of its special attention 
to inductive coordination, and industrial 
applications of eleotrleitj^ and electrical 
devices, the winter convention, held 
Jan. 26-30, inclusive in the Engineering 
Societies Building, 33 West 39th Street, 
New York, N. Y., attracted 1,589 persons, 
officially registered, but heavy attendance 
at the sessions indicated the presence of 
many others. As revealed by the follow¬ 
ing tabulation nearly everj- geographic 
district was represented: 


District KegJstrants 

New York Olty aod Foreign (3)... 730 

Middle Eastern (2). 515 

North Eastern (i). 231 

Great Lak s (5). 47 

Canada (10). 42 

Southern (4). 11 

South West (7).... 10 

North Central (0). 3 

Total. 1,689 


New York Sights are Shown 
to Convention Delegates 

In addition to its wealth of technical 
papers covering a wide variety of timely 
and important subjects, the winter con¬ 
vention program offered a multiplicity 
of entertainment features in keeping with 
the quiaiity pf its technical program. 
Inspection trips included the recently 
electrified divisions of the Delaware & 
Lackawanna Bailroad and its power 
supply facilities; the new Hudson River 
Bridge, the longest single-span structure 
in existence; and the Empire State 
Building, the world*s highest. Also 
available to all oonventioners, practically 
at their own convenience, were such 
features as the Westinghouse Lighting 
Institute; the Chrysler Building (ex¬ 
ceeded in height only by the Empire 
State Building) with its vertical distribu¬ 
tion network; modern photo lithograph 
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and newspaper plants; the Electrical 
Testing Laboratories; and various im¬ 
mense steam-electric generating plants 
not to mention the museums and exhibi¬ 
tions peculiar to New York. 

Particular attention was given to the 
women’s entertainment program which 
included charmingly conducted luncheons 
and bridge teas, to say nothing of inspec¬ 
tion trips specially chosen for their 
unique attractiveness, including a visit 
to the White Star Line Steamship 
‘‘Majestic” and a practical demonstra¬ 
tion of television at the Bell Telephone 
Laboratories. 

For the men, if attendance be any 
index, the informal buffet dinner and 
supper was a huge success, and there 
truly was “standing room only” at the 
“The Frolics of 1931,” the nine-part 
headhner stage show put on by the enter¬ 
tainment committee. Concluding the 
social affairs in connection with the 
convention was the annual dinner dance 
held in the Grand Ballroom of the Hotel 
Astor, Thursday evening, January 29, 
and presided over by that genial person¬ 
age, President Lee. 


A. I. E. E. Directors 
Meet During Convention 

The regular meeting of the Board of 
Directors of the American Institute of 
Electrical Engmeers was held at Institute 
headquarters, New York, Wednesday, 
January 28, 1931, during the annual 
winter convention of the Institute. Those 
present were: 

President—3. Lee, Charlotte, N. O. 

Past-presidents—F. Schudmrdt, Chicago, 
III; Harold B. Smith, Worcester, Mass. 

Vice-presidents—^W. S. Bodman, Charlottes¬ 
ville, Va.; O. B. Sisson, Toronto, Ont.; G. O. 
Shaad, Lavrrence, Kans.; I. E. Moultrop, Boston 
Mass.; H. P. Oharlesworth, New York, N. Y.; 
T. N. Lacy, Detroit,.Mich, 

Directors—F. O. Hanker, East Pittsburgh, 
Pa.; E. B. Meyer, Newark, K. J; J. Allen 
Johnson, BuEalo, N, Y,; A. M. MacOutcheon, 
Cleveland, Ohio; J. E. Kearns, (jhicago, Ill.; 
F. W. Peek, Jr., Pittsfield, Mass.; O.B. Stephens, 
New York, N. Y.; A. B. Cooper, Toronto, Ont.; 
A. E. Knowlton and B. H. Tapscott, New York, 
N. Y. 

National treasurer—W. I. Sfichter. 

National secretary—F. L. Hutchinson, New 
york,N.y. 

Present by Invitation—H. A. Kidder, New 
York, chairman of the coxnmlttee on the engi¬ 
neering profession. 

Actions Batipihd 

Minutes of the direotops' meeting of 
December 4,1930, were approved. 


Reports of meetings of the board of 
examiners held December 23 and January 
20 were presented, and the actions taken 
at those meetings were approved. Upon 
the recommendation of the board of 
examiners, the following actions were 
taken upon pending applications: 

391 Students were enrolled. 

486 applicants were elected to the grade of 
Associate. 

27 applicants were elected to the grade of 
Member. 

25 applicants were transferred to the grade of 
Member. 

4 applicants were transferred to the grade o / 
Fellow. 

The board ratified the action of the 
finance committee in approving for 
payment, monthly bills amounting to 
$33,253.52 for the month of December 
and $30,159.22 for the month of Januaiy. 

The annual report of the president of 
the U. S. national committee of the 
International Commission on Illumina¬ 
tion was received and ordered filed, and 
payment of the Institute’s annual con¬ 
tribution of $300 to the U. iS. committee 
was authorized. 

In accordance with Sec. 22 of the con¬ 
stitution, N. T. Wilcox was exempted 
from future payment of dues, thereby 
being added to the list of “Members for 
Life.” 

The national secretary reported that 
the members in arrears for dues for the 
fiscal year which ended April 30, 1930, 
were dropped from the membersliip list 
on December 31,1930, with the exception 
of those who had requested an extension 
of time for the payment of these dues. 
The members dropped totaled 739 in¬ 
cluding 2 Fellows, 40 Members, and 697 
Associates. 

1932 Institute Meetings 

The committee on coordination of 
Institute activities reported a recom¬ 
mended schedule of national and district 
meetings for the^ calendar year 1932, 
baaed upon applications for meetings 
received from district executive com¬ 
mittees in response to a request t)f the 
coordination committee that such appli¬ 
cations be filed by January 1,1931. The 
schedule included all requests for meetings 
that were received. The Board voted 
to approve the recommended schedule of 
meetings for 1932, as follows: 

January 25-29, Winter convention, New 
york,N,Y. 

March 14-16, District meeting (No. 6), 
Milwaukee, Wis. 

May (early), District meeting (No. l), 
iProvIfience, B.l, 

June 20-24, Summer convention, (location 
to be decided later). 
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Aug. 29-Sept. 2, Pacific coast conventioii, 
Vancouver, B. O. 

October, District meeting (No; 2), Baltimore. 

Md. 

November, District m etlng (No. 4), Mem¬ 
phis, Tenn. 

Upon request of the executive commit¬ 
tee of the North Eastern District, the dates 
of the Rochester district meeting were 
changed from May 6-9, 1931, to April 
29-May 2,1931. 

New Section 

Upon the recommendation of the sec¬ 
tions committee, the territory of the 
Louisville section was extended to include 
the remainder of Woodford County and 
all of Payette and Jessamine Counties, 
and a new section was authorized; 
namely, a Florida section, to include as 
its territory the entire state. 

As recommended by the committee on 
student branches, authorization was given 
for the organization of student branches 
at the University of Illinois, Urbana, Ill., 
and Rice Institute, Houston, Tex. 

Standards Specifications 

Upon reconamendation of the standards 
committee, approval was given to the 
following specifications developed by the 
sectional committee on insulated wires 
and cables: 

Specification No. 12—Weatherproof (weather- 
reslsthig) Wires and Cables. 

Spedflcation No. 12A—Heat-Beslstlng Wires 
and Cables. 

Specification No. 4—Code Rubber Insulation 
for Wire and Cable for General Puiposes. 


These specifications were approved for 
publication in the regular A. I. B. E. series 
of pamphlets dealing with standards and 
related material. 

Miscellaneous Actions 

Amendments to the By-laws were 
adopted, changing the following refer¬ 
ences therein to conform to changes in 
names which have already gone into 
effect: ‘‘Journal of the A. I. E. E.” 
changed to read “Electrical Engineering,” 
“Engineering Foundation, Inc.” changed 
to read “United Engineering Trustees, 
Inc*,” “Engineering Societies Research 
Board” changed to “The Engineering 
Foundation.” 

Appointment of two representatives 
of the Institute on the Council of the 
American Association for the Advance¬ 
ment of Science for the year 1931 was 
referred to the president.. 

The designation of delegates to attend 
the annual meeting of the American 
Academy of Political and Social Science, 
Philadelphia, April 17-18, 1931, was 
referred to the president. 

A communication from the Museum of 
Science and Industry, Chicago, enclosing 
an outline of proposed exhibits in the 
museum on the subject of electric power 
and for comments, was referred to 

the Chicago Section of the Institute. 

It was voted to hold the March meet¬ 
ing of the board of directors in Pittsburgh, 
during the district Meeting of the Insti¬ 
tute, March 11 to 13. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of ElECTRIOAL BNOINEERINa. 


Some Winter Convention 

Discussions are Summarized 


A SUMMARY of some of the many 
discussions presented at the first 
four sessions of the winter convention is 
given ^herewith. Only discussion sub¬ 
mitted in writing in accordance with 
A, L E. E. rules governing it is summar- 
'' ized; complete discussion together with 
all papers so approved will be published 
in the Transactions. A list of papers 
presented was published in the January 
issue of Electrical Engineering. 
Later discussions will be summarized in 
subsequent issues. 

Symposium 
on Telegraphy 

E. R. Shute discussed “Newfoundland- 
Azores Duplex Cable.” Referring to 
Fig. 1 of the paper he pointed oiit that 


this cable forms the diagonal of a quadri¬ 
lateral, and in the event of a cable failure 
or stoppage of any of the cables the result^ 
ing triangular circuit layouts tend to 
maintain continuity of service. 

Interference 

A. W. Breyfogel discussed “Submarine 
Cable Telegraphy—^Influence of Inter¬ 
ference.” He stated that the paper 
gives the theoretical as well as the practi¬ 
cal means for determining the magnitude 
of the effect that transient forms of 
interference will have upon the receiving 
instrument; but it does not give the 
practical means available for minimizing 
the effect of such disturbances. Where 
interference is present, it is always of 
advantage to tune! the receiving equip¬ 


ment to the lowest practical frequency 
consistent with reception of satisfactory 
shaped signals. This generally permits 
reception at a higher speed than might 
otherwise be obtained. 

Transmission Testing Machine 

H. H. Haglund in his discussion on 
“Telegraph Transmission Testing Ma¬ 
chine” stated that the machine has many 
other uses besides the testing of telegraph 
transmission. It is used for comparing 
the speed of oscillating systems of com¬ 
paratively low frequency such as elec¬ 
trically-driven tuning forks. Mr. Hag¬ 
lund told of five methods which in trhe 
past have been so commonly employed 
for this purpose, • 

P, B. Shanck in his discussion on “The 
Telegraph Transmission Testing Ma¬ 
chine” believed that the machine is par¬ 
ticularly well suited to the investigation 
of distortion which, with a regularly- 
recurring signal, oscillates through a 
definite cycle so as to form a regular 
pattern as is the case with arC. inter¬ 
ference. 

Printing Concentrator 

C. M. Brentlinger, in discussing “A 
Printing Telegraph Concentrator” ex¬ 
plained that the concentrator was devel¬ 
oped to give very fast service without 
incurring prohibitive operating expense. 
He also pointed out in his discussion the 
advantages of splitting circuits into 
several 100- or 200-wirG units instead of 
putting them all in one large unit. 
These are as follows: space limitations 
imposed by the need of other equipment 
before each operator, a saving in cable 
expense, a possible saving effected in the 
provision of equipment to care for fu¬ 
ture growth, and greater flexibility of 
operation.» 

Private-Wire Sorvioe 

H. H. Nance discussed “Modem 
Practises in Private-Wire Telegraph Ser¬ 
vice” with special reference to the 
operation of voice-frequency carrier tele¬ 
graph systems on channels of carrier- 
telephone systems). He cited the value 
of the flexibility of this method that 
resulted when line trouble encountered 
during a recent severe storm in the mid¬ 
west caused the re-routing of service. 

Symposium on Coordination 
of Power and Telephone Plant 

J. J. Smith in discussion of “Trends in 
Telephone and Po'ver Practise As Affect¬ 
ing Coordination” did not belieye that, 
the references in the paper to the use of 
transformers trith graded insulation and 
Y-T transformers were representa.tiye of 
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the more usual type of practise on power 
systems. A large proportion of 220-kv. 
transsformers are so constructed but for 
66-kv. systems and above, a large 
proportion of the transformers have 
sufficient insulation on the neutral end 
of the winding to permit the insertion of 
considerable impedance between line and 
ground. lie also pointed out that the use 
of delta-Y instead of the Y-Y connection 
is by far the more common practise. 

Noise-Fbequency Induction 

In discussion of '‘Status of Joint De¬ 
velopment and Research on Noise-Fre¬ 
quency Induction,” J. J. Smith predicts 
the introduction of the use of vacuum tube 
devices on a fairly large scale within the 
next decade. He also calls attention to 
fact that some of the work of the Joint 
General Committee is of interest in 
other iields, such as electiucal machinery, 
elimination of street noise, etc. 

M. D. Hooven in discussion of the 
papers in the symposium called attention 
to the educational value of the material 
presented, and in particular, with refer¬ 
ence to the problem of low-frequency 
induction. He also cited the importance 
of cooperative advance planning which 
was expressed in the last three papers of 
the symposium. 

W. W. Lewis read a discussion pre¬ 
pared by L. T. Robinson on the papers in 
the symposium and which brought out 
the fact that a similar problem exists in 
the relation of the use of radio to other 
electrical industries. The three factors 
defined in the papers—^namely "Influence 
Factor,” Susceptiveness Factor” and 
"Coupling Factor”—also exist and have 
the same importance in the radio com¬ 
munication field. 

Low-Fhequenoy Induction 

H. S. Phelps discussed "Status of Joint 
Development -'and Research on Low- 
Frequency Induction.” He remarked 
"that the paper should be most helpful 
to one called upon to outline the essential 
feature of low-frequency induction.” 

In further discussion he commented upon 
the benefits of the shielding efi’ects that 
may be derived from the proper use of 
ground wires. 

L. P. Ferris discussed "Status of Joint 
Development and Research on Low- 
Frequency induction.” Showing the 
effect of diminishing-earth conductivity 
on the permissible closeness of power and 
telephone lines with the aid of a curve 
prepared from field data, and by con¬ 
sidering a hypothetical case. 

H. M. Trueblood discussed "Joint 
Development and Research on Low- 
Frequency Induction.” He explained that 
the division of the work is such that 
some of the project committees are en- 
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gaged upon questions relating very 
largely to telephone systems, while others 
are giving their attention to questions 
which concern power systems almost 
exclusively. Each project committee is 
made up of members representing both 
industries so that the power and tele¬ 
phone engineers are getting pretty well 
acquainted with each other's problems. 

D. H. Gage discussed "Status of Joint 
Development and Research on Low- 
Frequency Induction,” with relation to the 
interference on telegraph lines as caused 
by power lines. He believed that there 
is a field for investigation in cases where 
unexpected interference results from an 
exposure of a communication line to an 
apparently well-balanced power circuit, 
with very little current in the neutral. 
He also cited a situation where short 
exposures at different places on the same 
line which while alone would not cause 
serious interference, but when they were 
combined in certain ways, materially 
affected the operation of communication 
circuits. 

Joint Pole Use 

D. H. Gage also discussed "Status of 
Cooperative Work on Joint Use of Poles” 
and brought out the question of joint¬ 
line agreements with particular reference 
to the character of circuits on jointly- 
used poles; also the question of liability. 
He believed engineers should give these 
questions careful consideration, even 
though they might seem outside the scope 
of an engineering study. 

Protective Devices 
Session Discussion 
Stability 

S. B. Crary in discussion of "Series 
Resistance hlethod of Increasing the 
Transient Stability Limit” pointed out 
that the practical gain to be realized from 
the use of the series-braking resistor 
decreases with faster switching time. 

J. W. Anderson in his discussion of this 
paper gave some actual figures of accelera¬ 
tion serving to emphasize the marked 
tendency of hydroelectric generators to 
overspeed upon loss of load immediately 
after a short circuit occurs. This was 
pointed out by Mr. Bergvall in his paper. 

G. D. Floyd, discussing "Series Re¬ 
sistance Method of Increasing the Tran¬ 
sient Stability Liniit,” believed that from 
the calculations and tests covered by the 
paper, zero resistance at point of fault 
might be inferred. He pointed out that 
the inference is justified for three-phase 
faults, but in oases of single- and double¬ 
line-to-ground faults where there might 
be high resistance at fault location, the 
added resistance in the generator leads 
might cause a drop in the unit's speed suf¬ 
ficient to make it lose synchronism. 


H. S. Phelps in discussion of "Series 
Resistance Method of Increasing Tran¬ 
sient Stability” took exception to the idea 
expressed in the paper that instead of 
trying to solve the stability problem by 
building lightning-proof lines considera¬ 
tion might be given to building lower- 
cost transmission lines that would be 
expected to flash over. He pointed out 
that this conclusion must be considered 
in conjunction with the views expressed 
in the symposium on coordination of 
power and telephone plants. 

Circuit Interrupting Devices 

Philip Spom discussed "Trend in 
Development of Modern Chciiit Inter¬ 
rupters” and commented upon the ad¬ 
vances made within the last three or four 
years in the oil circuit breaker field. He 
expressed disappointment, however, in 
the lack of progress in the development 
of an oil-less interrupting device. 

C. L. Fortescue in discussion of "Trend 
in Development of Modern Circuit 
Interrupters” commented on the various 
principles of oil circuit breakers, empha¬ 
sizing the noiselessness and smoothness 
with which the deion circuit interrupter 
and the deion-grid oil circuit breakers 
operated. 

R. M. Spurck in discussion on this 
paper commented upon the attempts that 
have been made to eliminate oil from 
high-duty circuit-interrupting devices. 
He believed that although workable 
devices not requiring oil have been 
developed there is a question whether 
or not the entire elimination of oil does 
not introduce some handicaps which 
are greater than those it has tried to 
eliminate. 

Philip Sporn in discussion of "Oil 
Circuit Breaker Tests—Philo 1930” 
pointed out that the present OCO-two 
minutes-OCO breaker duty cycle does 
not meet actual operating conditions or 
practise. He expressed a need of bring¬ 
ing Institute standards and service prac¬ 
tise into closer conformity. * 

J. B. MacNeiil discussed "The Oil- 
Blast Circuit Breaker” and he pointed 
out that some of the ideas advanced in 
the' paper seemed to be at variance with 
well-established facts about arc behavior 
He believed that at some point on the are. 
tip the arc would form a qrater which 
would move about but never permit the 
arc to envelop the tip. In consequence 
the oil and gas would rush past the arc, 
partly into the hollow electrode and partly 
out tto explosion pot throat, through the 
regular contact clearance instead of 
passing through the arc as claimed in 
principle in the paper. 

In discussion on "Field Tests on Stand¬ 
ard and Oil-Blast Explosion Chamber Oil 
Circuit Breakers,” H. M. Wilcox cited a 
number of tests that have been made on 
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oil circuit breakers equipped with deion 
grids. The average performance of the 
deion-grid circuit breakers on all of these 
testa ranged from 7,000 to 8,000 volts 
per inch, with a grand average of 7,500 
volts per inch of total arc length as com¬ 
pared^ with a performance of 4,050 volts 
per inch on the 140-kv. tests of the oil- 
blast circuit breaker under average 
circuit conditions. 

Power Transmission 
Session Discussion 

Traveling Waves 

C. L. Fortesoue’s discussion on 
‘‘Traveling Waves on Transmission Sys¬ 
tems” was read by J, J. Torok. He 
expressed interest in finding that in 
making computations, Mr. Bewley used 
the method of successive refieotions; he 
further stated th t to determine proper 
clearances, etc., for lightning calculations 
this method is simple and direct and is 
sufficiently accurate. 

H. L. Rorden’s discussion of “Travel¬ 
ing Waves on Transmission Systems” was 
read by J. G. Lusignan, Jr., who em¬ 
phasized the importance of experimental 
verification of mathematical treatment 
and described tests of traveling waves 
made with the cathode ray oscillograph. 
The results obtained with line conditions 
as given by Fig. IOd of Mr. Bewley’s 
paper were illustrative of the general 
correlation found. 

0. Ackerman's discussion of “Attenua¬ 
tion and Successive Befiections of Travel¬ 
ing Waves” was read by E. Beck, and 
pointed out the results- of this paper as 
pertaining to at^nuation which deviated 
from any previous results reported. 
Figs. 12 and 13 of the paper indicate that 
in a travel of 85 microseconds, corre¬ 
sponding to about 16 mi. surges decrease 
only 10 to 20 per cent. Previously 
reported tests indicated that smges over 
a 16-ini. stretch attenuate to about one- 
half their original value. 

L. V. Bewley* read a discussion which 
E. W. Boehne prepared on this paper. 
In the light of information gathered from 
field observations it pointed out one 
additipnal way in which corona affects 
the attenuation of voltage surges. 

LiGHTNINQ iNyjBSTIOATIONS 


impedances of the equivalent conductor 
which replaces any number of conductors 
in parallel. 

C. L. Porteseue’s discussion on “Light¬ 
ning Investigation on a Wood-Pole 
Transmission Line” was read by Mr. 
Garnett. He pointed out that Fig. 11 
in the paper cannot possibly be a cathode 
ray oscillograph record of what happened 
on the line itself as on either side of the 
lightning experimental station mi. 
distant, the line was provided with fused 
drain points having a flashover of from 
800 to 1,000 kv. for long surges. He 
asserted that the record was false, and 
that it was due to something influencing 
the cathode ray oscillograph circuit 
directly instead of through the line. 

E. C. Williams read a discussion pre¬ 
pared by C. E. Ambelang and P. B. 
Andrews on “Lightning Investigation on 
a Wood-Pole Transmission Line.” In 
this they reported their experience with 
lines of voltage lower than those of 110- 
kv. investigated by the authors, but 
their experience substantiates that cited 
in the paper; their conclusions also 
correspond. 

J. J. Torok discussed “1929 Lightning 
Experience on the 132-Kv. Transmission 
Lines of the American Gas and Electric 
Company.” He analysized the author’s 
data, interpreting it on a direct stroke 
basis. In further discussion J. J, Torok 
stated that the paper shows markedly 
the importance of adequate ground-wire 
protection. He predicted that if two 
ground wires properly located were used 
instead of one on the Turner-Logan Line, 
the number of flashovers would be re¬ 
duced from thirteen to one or two. 

R. N. Southgate discussed “1929 light¬ 
ning Experience on the 132-Kv. Trans¬ 
mission lines of the American Gas and 
Electric Company.” He described a 
case where a lightning stroke was photo¬ 
graphed, and then located as having 
struck the ground about 2,000 ft. from the 
station. The location of this stroke was 
placed within 350 ft. of a 220-kv. line 
to which an oscillograph was connected, 
and within 275 ft. of the live 132-kv. line. 
A siurge was not recorded and a trip-out 
on the 132-kv. line did not occur, which 
indicates imnlunity of lines of this nature 
from induced strokes and lends support to 
the direot-stroke theory. 


A.S.T.M. 

To Meet in Pittsburgh 

A regional meeting and dinner of the 
American Society for Testing Materials 
will be held in Pittsburgh at the William 
Penn Hotel March 18, 1931. The pro¬ 
gram constitutes a s3rmposium on welding, 
and the Pittsburgh section of the Ameri¬ 
can Welding Society is in cooperation. 

The sessions include: 

1. General survey of welding processes 

2. Welding processes appUcable to altiminum 

3. The quality of materials for fusion welding 

4. Modem applications of arc welding 

5. Recent developments In gas welding and 
cutting 

6. Stethescopic examination of welded 
products 

7. Tests of welding made by the Watertown 
Arsenal 

8. Magnetic methods of testing butt welds 

9. Fatigue and Impact testing of welded 
products 

10. Welded Inspection. 

♦ 

Rutgers University 
Plans European Tours 

Russia with its new experiments and 
many aspects of engineering as well as of 
industrial management, will be the object 
of practical observation and study by a 
party which will tour that country during 
the summer of 1931 under the leadership 
of Parker H. Dagget, dean of the college of 
engineering at Rutgers. It is planned 
also that a party of educators and 
travelers studying social conditions will 
make the tour through Russia and Europe 
under the direction of Prof. N, C. Miller, 
head of the Rutgers University Extension 
Division. 

The tour now is being organized with 
headquarters at Rutgers University, New 
Brunswick, N. J., the eispeotation is to 
visit in addition to Russi , cities in 
Germany, Austria, France, Sweden, Fin¬ 
land, Denmark, Switzerland, and Poland. 
The entire group is scheduled to sail 
from New York July 4,1931. 


Turbine Inventor 


L, V. Bewley in discussion of “Impulse 
Tests on Substations,” commented upon 
the fact that the paper gives a number of 
oscfllo^ams showing the effect of bus struc¬ 
ture, breakers, and transformers, on travel¬ 
ing waves; however, conclusions were not 
drawn as to the. characteristic effect of 
Sta'Hpu equipment on traveling waves. 

Y, Bewley in discussuig “Idghtmng 
on a Wood-Pole Trans- 
^^^ion line” gave the definitions and 
J:^?i^tions;Qf the setfr and tnutual-surge 


L. V. Bewley discussed ‘ *1929 Lightning. 
Experience on the 132-Kv. Transmission 
Lines of the American Gas and Electric 
Company.” One of the points which he 
explained and illustrated mathematically 
was that a flashover on the bottom con¬ 
ductor might be due to a direct stroke on the 
groxmd wire rather than an induced surge. 

A siimmary, of some of the discussions 
of the papers presented at the later ses-. 
sions of the convention will be given in a 
subsequent issue. 


Ghas. ParsonsPasses Away 

Sir Charles Parsons, K. C. B., inventor 
of the steam turbine design bearing his 
name, passed away February 11, 1931, 
while aboard ship on a West Indies 
cruise. He was 76 years old. 

The steam turbine upon which he began 
experiments in 1884 represents but one of 
his many contributions to science and 
mechanics. Sir Charles evoked much 
comment while visiting in the United 
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States in 1924, when he made a plea for 
the founding of an international corporar* 
tion to dig twelve miles into the crust 
of the earth. He contended that the 
waiter power supply of the world was 
being depleted rapidly and that it might 
be possible to harness the heat that lies 
deep beneath the surface of the globe. 

During the World War Sir Charles 
served on numerous government com¬ 
mittees. He was knighted in 1911. 
Later he served terms as president of the 
Institute of Physics, the British Associa¬ 
tion, and other similar organizations. 
Among the many scientific awards 
received by him was the medal of the 
I^yal Society, of which he was a fellow. 

Charles was chairman of the numerous 
industrial corporations which manufac¬ 
tured his turbines and other inventions. 


Lehigh University to Hold 
Welding Symposium 

The subject of welding and its progi-ess 
each year in process and equipment, 
is comprehensively handled in the welding 
symposium presented annually by Tjihigh 
University. This year the S3rmposium 
will be held on Friday, March 27th; and 
one of the important papers will be that 
presented by J. C. Hodge of the Babcock 
& Wilcox Company. IMfr. Hodge has 
made important improvements and con¬ 
tributions to the art of welding, and is in 
position to speak authoritatively eon- 
eemh^ this important branch of engi¬ 
neering activity. 

In addition to the discussion, there will 
be many demonstrations of all of the dif¬ 
ferent types and methods of welding; 
and this year a special feature, which 
will reflect the most recent progress in 
the art in accordance with scientific 
development, will demonstrate the equip¬ 
ment and process of testing welds by 
gamma rays. 


all fees except the matriculation and 
diploma fees, are open to graduates of 
Approved American and foreign universi¬ 
ties and technical schools who are 
prepared to undertake graduate study in 
engineering, physics, or applied chemistry. 

Appointments are made and must be 
accepted for two consecutive collegiate 
years of ten months each, at the expira¬ 
tion of which period, if all requirements 
have been met, the degree of Master of 
Science will be conferred. Half of the 
time of a research graduate assistant 
(approximately 900 clock hours for each 
ten-month period) is required in connec¬ 
tion with the work of the department to 
which he is assigned, the remainder being 
available for graduate study. 

Nominations to those positions, ac¬ 
companied by assignments to special 
departments. of the Bugineering Experi¬ 
ment Station, are made from applications 
received by the Director of the Station 
each year not later than the first day of 
April. Preference is given those appli¬ 
cants who have had some practical 
engineering experience following the 


completion of the undfiny-o^ x 
Appointments are 

and they become effective th?^"^’ 
of the following September ^ 
information may be obtained bvtS? 
ing The Director. EnS^ri„» 
ment Slalion, Unive^v nt 
Urbana, Illinois. Minois, 


Business Conditions 
Reflected by “Indicators” 

The following table of ‘•selected busi- 
ness indicators*’ gives 
view of the business 


gives a comprehensive 


begmning of Februa^. tuf ^new ^ 
easily understood tabulation, d vised bv 
a eonforonce of statisticians in industrv 
which moots once a month under the 
auspices of the National Industrial 
Conforenco Board, Ino., New York. 

o eo“f«rence represents more than 
8,000 industrial iirms throughout the 
United States and its statistics are com¬ 
piled each month for the preceding month 


SELEOTISD BUSlNKSaS INDIOATOltS 


Jan. 1031 05:prtiHBod as porcentage of; 
Octi. to Dec. 

1030 average 


Doc. 1030 


Jan. 1930 


IM.. 


Bnvic Prodaoiion 

Auto. U. S. A. and Oancula. 

Building contracts.. ,, , 

Steellngotsi. ,”7- 

pigironi.;;; ■.“J* • 

Bituminous coal_• ' i1! 1!!!!!!!!!!!! .* 

Machine tool slilpmonts. 00 

Machine tool orders. .,.... ’ ‘ 

Copper, N. and S. America..!.\' 

Cotton cloth, standard.., .' ’' ..J" " 

Newsprint paper. .* * 

HJlectric power... 


. 102 . 


.. 122 .. 
.. 81.. 
..10,3.. 
.. 80.. 
.. 05.. 
.. 80.. 
.. 03.. 
.. 01 .. 
..105.. 
.. 07.. 
.. 100 . . 


Basic Consumption 
Steel orders unflUed. 

Cooper shipments. ..:!!! ..^ 

Machine tool orders unflllod. „. tl' 

Crude rubber., . . 

. .119. 

. 08. 


ing the art of weldinghas been evidenced in 
the past by the heavy attendance of engi¬ 
neers from many industrial districts. 


Research Assistantships 
Offered by U. of Illinois 

To assist in the conduct of engineering 
research and to extend and strengthen 
the field of its graduate work in engineer¬ 
ing, the University of Illinois maiatains 
fourteen research graduate assistantships 
^its engmeering experim nt station. 
Two other such assistantships have been 
established under the patronage of the 
Illinois Gas Association. These assis¬ 
tantships, for each of which there is an 
annual stipend of $600 and freedom from 


Silk taken by manufacturer....!!!.’ 

*********. 

Stocks on Hand 
Crude rubber. 

Copper in U. S. A.....W* ‘ .. 

Raw silk in storage... ‘ 

Newsprint paper. .!!!.. .,!!!?■ 

... 

OcKieral Trade 
Oarloadlnge, total. 

Mei-chandlse and mls^l^Mua!!!!' .?!!?' 

Advertising lineage, newspapers. ... 


Retail Trade 

Department stores^. 

Mail order*. ,...*'**[*' 

6 and 10 cent stores*.... 


. 64 
70 
65 
60 
78 
41 
37 

77 

78 
87 
04 


92 

86 

32 

78 

68 


.109. 
. 07. 
. 98. 
. 95. 


.116 
.121 
. 63 
.149 


SO. 
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Business faUures, Habllltlos.... 
‘Wholesale prices, general*.... 
Wholesale prices. rawmatei^Iais. 
^olesale prices, semi-manufact 
Wholesale prices, flnlshed .... 


1 , Average dally bajsls, 

2 . Oonectedfor monUiIy variation. 
3- Estimated. 


... 93. 


. 86 

.. 71. 


. 87 

.106. 

...... 103. 

. 93 

§«•• . 

.84 


.131. 


.120 

.113. 


.165 

. 90. 

.101. 

9ft _ 

...... 80 

. 97. 

. 98. 


.. 78 

. 86 
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North Eastern District 
Meets at Rochester Apr. 29 

A fo\ir-day meeting of tlie North 
Eastern District of the A. I. E, E. will be 
held at Rochester, N. Y., April 29 to 
May *2, 1931, Headquarters will be at 
the Sagamore Hotel. 

The city of Rochester possesses many 
features which should prove most inter¬ 
esting to visitors attending the meeting; 
geographically located on the southern 
shore of Lake Ontario, and built upon the 
banks of the Genesee River falling 261 ft. 
in three cataracts within the city limits, 
it has ah the natural resources which go 
to make a city attractive. From an 
industrial point of view Rochester is an 
important manufacturing center. It is 
the home of such well-known plants as the 
Eastman Kodak Company, the General 
Railway Signal Company, and the Strom- 
berg-Carlson Telephone Manufacturing 
Company. 

Technical Sessions 

Four technical sessions which have been 
tentatively planned by the local com¬ 
mittee win be built around: (1) Selected 
Subjects, (2) Research, (3) Symposium on 
Noise in Electrical Machinery, and (4) 
General Distribution. At these sessions 
many interesting papers will be presented, 
several of them dealing with the subject 
of lightning in relation to distribution 
systems. 

A list of the papers to be presented and 
more complete details of the meeting will 
appear in the April issue of Electrical 
Engineerinq. 


Mining Engineers Register 
Another Successful 
Annu^ Meeting 

With a general attendance of over 
sixteen hundred members and guests 
the 140th annual meeting of the American 
Institute of Mining and Metallurgical 
Engineers meeting in the Engineering 
Societies Building, 29 West 39th St., 
closed February 19th proclaimed by all 
in attendance as thoroughly successful. 
The year’s progress in mining and metal¬ 
lurgical £elds had been definitely and 
interestingly presented and discussed; 
entertainment occupied a liberal portion 
of the program and two medal awards 
and one prize award conferred for dis¬ 
tinguished service. 

William H, Pierce, vice-president of the 
American Smelting & Refining Co. who 
has made abundant contributions to the 
arb of mechanical casting, electrolytic 
refining, and copper converting, notably 


the Smith-Pierce basic converter, which 
has long stood supreme, received the 
James Douglas Medal for his numerous 
designs and improvements of devices and 
machinery for smelting, refining and 
rolling copper. This medal was estab¬ 
lished by anonymous donors to commem¬ 
orate the work of Dr. James Douglas, 
twice president of the Institute of Mining 
engineers and an earnest worker for the 
cause. The William Lawrence Saunders 
medal, awarded “for distinguished 
achievement in mining” was conferred 
upon Francis William Maclennan, the 
second McGill University man to win it 
since it was established in 1927. 

The Robert Woolston Hunt prize and 
medal, won by Doctor E. C. Bain in 1929. 
this year went to one closely associated 
with Doctor Bain in much of his work— 
Edmund Sharmgton Davenport, research 
engineer for the Eastern Malleable Iron 
Company, the Westinghouse Lamp Com¬ 
pany, and now with the United States 
Steel Corporation at Kearny, N, J. His 
studies have dealt specifically with cast 
iron, tungsten, thorium, and the trans¬ 
formation of autinite at constant sub- 
critical temperatures. 

The election of officers for the ensuing 
year makes Robert B. Tally, executive 
vice-president in charge for the United 
Verde Copper Company, New York, 
director and president; Howard N. 
Bavenson, consulting engineer, Pitts¬ 
burgh, and H. A. Guess, managing 
director of the American Smelting & 
Refining Company of New York, directors 
and vice-presidents; and Louis S. Cates 
of the Phelps Dodge Corporation, Karl 
Eilers, consulting metallurgist, S. R. 
Elliott, general superintendent of the 
Cleveland Cliffs Iron Company, Ishpem- 
ing, Michigan, H. G. Moulton, consulting 
engineer, New York, and William Wraith, 
of the Inspiration Consolidated Copper 
Company and the Andes Copper Mining 
Company of New York, directors. 
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William J. Foster is 
Awarded Lamme Medal 

Dr. WiUiam J. Foster of Schenectady, 
N. Y., has been awarded the Lamme 
Medal of the American Institute of Elec¬ 
trical Engineers **for his contributions to 
the design of rotating alternating current 
machinery,” and will be presented at the 
suiter convention of the Institute which 
is to be held in Asheville, N, C., June 
22-26,1931. 


William James Poster, Sc. D., consult¬ 
ing engineer (retired) General Electric 
Company, was bom in Argyle, N. Y., 
September 17,1860. His college prepara¬ 
tory work was done partly alone with 
borrowed textbooks and partly at an 
academy and a boarding school. After 
graduating from Williams College with 
an A. B. degree in 1884, he remained a 
year for advanced work in mathematics. 
During the next five years, he taught high 
school subjects, and made an intensive 
study of physics. The degree of Master 
of Science was conferred upon him by 
Cornell University in 1891, following a 
year of graduate study. ^ 

In the summer of 1891, Dr. Foster 
began his engineering career in tJie Tliora- 
son-Houston Works in Lynn, Ma.ss.;‘ a 
few months later he was assigned work on 
synchronous converters. On October 1, 
1892, he became assistant engineer, and 
began at that time a close association 
with Dr. H. G. Reist which con tinned 
for thirty-seven years. 

Beginning in 1893 and extending 
through several years, his a.s.sociation 



DR. WILLIAM J. ROSTER 


with Dr. Steinmetz also was very close. 
During this period, Dr. Poster assisted 
in general improvements, developed re¬ 
tardation tests, and originated tests for 
measuring short-circuit losses. His drafts 
of test methods involving heal runs, 
overloads, temperature rises, etc., tlirough 
Dr. Steinmetz were submitted to the 
Committee on Standardization of the 
A. I. E. E. and adopted as standards. 

During most of his engineering life he 
has had general charge of the electrical 
designs of a-c. rotating machines, built by 
the General Electric Company. For 
about twenty-five years, beginning in 
1895, he made practically all the calcula- 
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tions on the most important generators 
that were built by this company. 

He joined the Institute in 1907, and 
was transferred to the grade of Fellow in 
191G. He served as a member of the 
Committee on Electrical Machinery for 
ten years, and was Chairman during the 
year 1928-29. 

His other memberships include the 
American Association for the Advance¬ 
ment of Science and Phi Beta Kappa. 


E. C, Stone 
Named Vice-President 
Philadelphia Co. 

C. Stone, vice-president of tlte 
Institute, was appointed on February 1st 
assistant to the senior vice-president of 
the Philadelphia Company and its sub¬ 
sidiaries. 

Mr. Stone is a native of Charlestown, 
N. li.; folloAving graduation from Harvard 
University in 1004, he immediately 
became affiliated with the Westingliouse 



E. O. STONE 


Electric & Manufacturing Company at 
East Pittsburgh as an engineering ap¬ 
prentice, later entering the engineering 
departmfint enj^aged in the design of 
■transformers. In 1911 he joined the 
Allegheny County Light Company in 
Pittsburgh which two years later became 
the Duquesne Light Company. In 1913 
he organized the system operating depart¬ 
ment for the lighting of the city of 
Pittsburgh, acting until 1919 as system 
operator; then he was promoted to the 
office of tG(dinical assistant to the general 
manager. In 1922 he became planning 
engineer, a position in wMeh he organized 
and developed the planning division. 
In 1927 he again received promotion to 
become system development manager. 

Mr. Stone has just relinquished his 
duties as chairman of the engineering 
national section of the National Electric 
Light Association. He is a member of the 
advisory board of the International 
Electrotechnical Commission and a mem¬ 
ber of the Association of Iron and Steel 


Electrical Engineers and the Engineers 
Society of Western Pennsylvania. 


E. A. Hester, formerly planning 
engineer of the Duquesne Light Company 
has been placed in charge of the newly 
formed operating systems planning 
division of the company’s vice-president 
and general manager’s office, taking over 
the previous duties of E. C. Stone, 
former system development manager. 


B. M. Jones, formerly general engineer 
of the Duquesne Co. has been promoted 
to planning engineer, the position vacated 
by Mr. Hester, and will be directly 
responsible for the planning and orderly 
development of company system and the 
preparation of the annual capital im¬ 
provement budget. 


♦ 

Richard H. Ranger has entered 
consulting engineering practise, to special¬ 
ize in radio, acoustics, and general 
electronic Lechnique. With him are four 
of his former associates in the Radio 
Corporation of America. The R. C. A. 
retains him in matters of radio picture 
transmission. 

Previous to joining the R. C. A. ten 
years ago, Major Ranger was Command¬ 
ing Officer of the Signal Corps Laborator¬ 
ies at Fort Monmouth. His first work in 
the R. C. A. was building the long wave, 
transatlantic recei-ving stations of that 
company—^notably that at Riverhead, 
Long Island. Subsequently, he built the 
firsb R. C. A. broadcasting station at 
Aldene, N. J., and started the broadcast¬ 
ing stations, WJZ on top of the Aeolian 
Building, and of WRC in Washington. 
He was identified also with the first 
ship-to-shore telephony on the S. S. 
AmeHca. 


Frank W. Smith, vice-president, gen¬ 
eral manager, and a director of the 
United Electric Light & Power Company 
and chairman of the board of the New 
York and Queens Light and Power 
Company, two of the five companies 
composing the New York Edison System, 
has been made a vice-president of the 
New York Edison Company. Mr. Smith 
is very much of a pioneer in the arc light 
field; when a lad of thirteen he engaged 
with the United States Illuminating 
Company, and by the time he had reached 
the age of sixteen, had become general 
clerk. In 1889 when the United Com¬ 
pany was formed, he was paymaster, and 
at twenty-four, assistant auditor. Since 
1912 he has been a vice-president of the 
Brush Electric Illuminating Company, 
having priorly served both this company 
and the United Company as secretary. 


Clarence L. Law, general commercial 
manager of the New York Edison Com¬ 
pany and assistant to vice-president of the 
Yonkers Electric Light & Power Company 
was elected president of the Electrical 
Association of New York at its recent 
annual meeting. As general secretary, 
director, treasurer, and president of the 
Illuminating Engineering Society, Mr. 
Law is a prominent figure in the electrical 
industry; he also has served the National 
Electric Light Association as chairman of 
numerous committees, and has been 
active in the Empire State Gas and 
Electric Association, American Institute 
of Electrical Engineers, Association of 
Edison Illuminating Companies, and 
American Association for the Advance¬ 
ment of Science. 


Roy Wilkins, according to ratification 
by the stockholders of the Pacific Electric 
Manufacturing Company, San Francisco, 
has been appointed its vice-president in 
charge of engineering. Mr. Wilkins 
joined the organization Jan. 1, 1928 in a 
consulting capacity, and for fifteen years 
prior to that date had been associated 
with the Pacific Gas and Electric Com¬ 
pany; he has conducted many hydroelec¬ 
tric and high-voltage experiments and is 
well Imown to the industry for his corona 
research and Ms knowledge of high-volt¬ 
age oil circuit breakers. Pie has always 
taken an active part in Institute affairs 
and those of the Pacific Coast Electrical 
Association. 

♦ 

Douglas Montgomery, who was pre¬ 
viously electrical engineer in Pasadena, 
CaHfornia, has been for the past year, 
lacking some three weeks, in Buenos 
Aires with the Western Electric Company, 
Inc. of Argentina, (local foreign subsidiary 
of the Electrical Research Products, Inc.), 
operating as service supervisor for the 
company’s Buenos Aires district. Mr. 
Montgomery has been “seeing to it that 
from 18 to 38 motion picture installations 
kept their company voices in any one of 
the several languages—Spanish, French, 
English, or G-erman.” 


Frank B. Steele, until recently vice- 
president and general manager of the 
Ufcica Gas & Electric Company, Utica, 
N. Y., has opened offices in that city for 
the general practise of engineering. Mr. 
Steele- will specialize in heating, power, 
electrical and pumping problems, tests 
and reports on private industrial power 
plants, design of steam, hydro, heating 
and pumping plants and transmission, 
substations and distribution systems. 
After eleven years in its service he 
resigned as an officer of the Utica utility 
two years ago. He is a member of the 
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A. I. E. E., N. E. L. A,, and the American its board of directors was elected a 
Qas Association. vice-president of Niagara Hudson system. 


L. M. Cargo, Mountain States repre¬ 
sentative of the Westinghouse company, 
Den^ier, Colo., whose election, to the 
presidency of the Electrical League of 
Colorado is announced, is a real veteran 
in the eleotrioal business, having been 
continuously with the same firm for 42 
years, 33 of which have been spent in the 
Hocliy Mountain region. 

♦ 

Btbon E. White of the Utica Gas & 
Electric Company has'been named divi¬ 
sion engineer of the central division of 
the Niagara Hudson Power System. Mr. 
White’s appointment follows more than 
25 years’ es^erienee in the engineering 
department of the Utica Gas & Electric 
Company. 

♦ 

J, G. Corbin, who has been with the 
transformer division of the AUis-Chalm- 
ers Manufacturing Company in Los 
Angeles, has resigned to join American 
Brown Boveri Company, Inc., in New 
York City, as a special transformer 
representative. Mr. Coirin went to the 
Padfic Coast from New York seven years 
ago; he was formerly district manager for 
the Pittsburgh Transformer Company, 
later joining Allis-Chahners when that 
company took over the Pittsburgh 
company. 


George E. Deming, works manager of 
the Philadelphia Storage Battery Com¬ 
pany, has been named as its executive 
vice-president and Walter E. Holland, 
chief engineer, becomes vice-president in 
charge of engineering. 


J. E. Murphy has received appoint¬ 
ment as manager of the General Electric 
Company at Spokane, succeeding Bern- 
hard Olsen, who has been transferred 
as local manager of the company’s 
Indianapolis office. 


Harvey H. Hoxie has been appointed 
San Francisco manager of the Joslyn 
Company of California. Mr. Hoxie has 
been associated with the San Francisco 
office of the company for some time. 


Mathew S. Sloan, at the organization 
meeting of the board of directors of the 
New York Edison Company, wals re¬ 
elected president. 


Robert S. Hale, long associated with 
the Edison Electric lllumiaating Com¬ 
pany of Boston, has resigned. Mr. Hale 
was a graduate of Harvard and obtained 
his M. E. degree at Cornell. From 1893 
to 1895 he was assigned to special engi¬ 
neering work with the Boston Edison 
Compaiiy and from 1910 hais been in 
charge of the special research department, 
where, as an authority on utility economic 
probfems, he became widely known 
throu^out the eleotrioal industry. 


S. P. Larsen, for the past four years 
northwest manager of the line Material 
Company, Portland, Ore,, has been made 
district sales manager in the Northwest 
for Hubbard & Company, pole-line 
hardware manufacturers of Pittsburgh, 
Chicago, and Oakland, Calif, Mr. Larsen 
will tranrfer his headquarters from 
Portland Seattle. 


OI»ifu4aurY 


C. L. Doub, assistant engineer of the 
Beading Company and an* Associate of 
the Institute (1922), died at the age of 
thirty-foiur, January 21. Mr. Doub was 
bom at Washington, D. C., and was a 
graduate of Johns Hopkins University. 
In 1918 he beoame substation operator 
for the Hagerstown & Frederick Railway, 
Maryland, but continued to study in a 
Westinghouse graduate student course, 
which he completed in 1920. Prior to 
joining the Reading Company, he was 
assistant engineer of the Illinois Central 
Eleotrification Work. . His affiliation with 
the Reading Company dated back to 
1927. 


Goto Snyder, president of New York 
Power & li^t Corporation and in 
charge of eastern division activities of 
the Niagara Hudson Power Corporation 
System at the February 6th meetmg of 


Harry B. Alverson, for the past 
thirty years a member of the Institute, 
and for a long period identified with the 
BuffaloUeneral Electric Company as its 
electrical engineer, died on January 25th 
after an lUness of several weeks. He had 


left the Buffalo General Electric shortly 
before he was taken ill and was appa-rcntly 
well on the road to recovery when he 
suffered a relapse. 

A native of Portage, Wisconsin, he was 
graduated from the University of Wiscon¬ 
sin in 1893. This was followed by a 
course at Cornell University. 

He was an active member of the Insti¬ 
tute’s Niagara Frontier Section, a^nd his 
death terminates a long and useful 
professional career. 

♦ 

Elwood P. McLaughlin, district 
manager of the central station depart¬ 
ment of the southeastern district of ’the 
General Eleotrio Company, Atlanta, Ga., 
died in the local hospital of that city on 
January Sth, following an attack of 
pneumonia. He was a prominent and 
popular member of the Institute’s Atlanta 
Section; one upon whom the Section’s 
officers always could depend for whole¬ 
hearted cooperation. MDr. MoLiaughlin 
was born in Philadelphia and at the time 
of his death was forty-seven years of age. 
He was graduated with the class of 1905 
from Pennsylvania Stat College and 
immediately entered the steam turbine 
testing department of the General Electric 
Company at Li 3 nia, Mass. 

He was a member of the A. S- M. B., 
had served as chairman of its Atlanta 
section, and always took a leading and 
active part in alL local enterprises of both 
A. I. E. E. and A. S. M. B. plans. He 
was a member also of the Atlanta Athletic 
Club, entering into its work with the. same 
vigor and enthusiasm which typified all 
of his afiSliations. He first joined the 
Institute in 1922. 


John Lunt>™, president of th Lundie 
Engineering .Corporation, New York City, 
and an ALSSocxate of the Institute since 
1899, died at his home on Seventy-Second 
Street after an illness of several weeks. 
He was 73 years old,—a noted consulting, 
engineer and inventor of many railway 
devices bearing his name::—the Lundie 
tie-plate, rheostat, duplex rail anchor 
and the ‘*telfer,” a combined electrical 
hoist and traveler. Mr. Lundie was 
bom in Arbroath, Scotland, obtained his 
early education there, and received ffis 
Bachelor of Science degree from Edin¬ 
burgh University in 1880. This was 
supplemented by an honorcu:^ d gree of 
Doctor of Science conferred by the same 
university in 1902. From 1873 to 1877, 
while still pursuing his studies, he was 
engaged in harbor work at Dundee. 
Immediat ly after leaving the university 
at Edinburgh, he came to this country, 
spending the next four years employed 
in railroad engineering in Oregon and 
Washing^- 1890, miwlci- 

palworkin Ohioago olaiin d his attention; 
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this was followed by three years of bridge 
construction work. In 1893 he began 
his practise as consulting engineer. 

Doctor Lundie was member of the 
American Society of Civil Engineers, the 
American Association for the Advance¬ 
ment of Science, the American Institute 
of Consulting Engineers, the American 
Iron & Steel Institute, the Knights 
Templars, the New York Railroad Club, 
the New York Athletic Club and was a 
Fellow of the Royal Society of Arts. 


t). E. Huebner, electrical engineer of 
Russell & Stoll Company, New York 
City, and an Associate of the Institute 
(1918) died recently. He was bom in 
Halle, Germany, in the year 1880. Much 
of his later time has been devoted to 
research problems, the dissemination of 
some of his attained results being made 
ttirough the columns of Engineering News, 
The pycnotic substance theory and its 
practical application, another of Mr. 
Huebner’s investigations, found publicity 
in Technologist^ organ of the German 
American Technical Societies. 



A list of members whose mail has been 
returned by the postal authorities is 
given below, with the addresses as they 
now appear on the Institute records. 
Any member knowing of corrections to 
these addresses will kindly communicate 
them at once to the office of the Secretary 
at 33 West 39th St., New York, N. Y. 

Davis, B, H., ’W^ttoghouse B. & M. Oo.. East 
Pittsburgh, Pa. 

Dawson, Lbokabb L., 98 Dooker Ave.. Sprlnir- 
fleld,N.J. 

A. DiLtrcoi, B X 1061, Chicago, Bl, 

Calb, B. B., 706 N. 19th St., Boise, Idaho. 

Oharlbs T. Gipmam, Central Power Light 
Co., Frost Nat’l. Baj(ik Bldg., San Antonio. 
Tex. 

Kioar, D. F,. 1408 manXe St., Port Huron, 
Mich. 

Libb, Adolph W., N. Y. Edison Co., 893 7th 
Ave., Now York, N. Y. 

Mabkkb, B. Chris, 1400 E. 68rd St., Chicago. 

Pbbhn, Victor N., 940 Broad St., Newark, N. J. 

Shbrwood, W. B., Kew Gairdens, 2700 Que St. 
N. W., Washington, D, O. 

flwNBT, David, H Orchard St., Cranford, N. J. 
Van Wtch, P. V. B., Summit, N. J. 

Vbbbland, F. P.. 110 E. 176th St., New York. 

Williams, Clifton S,. Besearch Lab., Westlng- 
housoB. 4 b M, Co„ East Pittsburgh; Pa. 
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Gaseous Tubes For 
niuminatiou Purposes 

On Maroh 3, 1931, the Illumination 
Group of the New York Section will hold 
a meeting on the subject of ^‘Qaseous 
Tube Lighting, —of great interest at 
present when so many noteworthy devel¬ 
opments of it have taken place within the 
last few months. To bring section meet¬ 
ings up to date on a matter which is 
receiving so much attention a symposium 
has been arranged. The three speakers 
all intimately connected with* this phase 
of electrical engineering, to each present 
a fifteen-minute r6sum6 accompanied by 
striking demonstrations; also, there will 
be ample opportunity for open discussion. 
The subjects and speakers will be as 
follows: “A Brief R^sumd of the History 
of the Development of Gaseous Tube 
Lighting/' by D. C. McFarlan Moore, 
consulting engineer; “High-Tension Cold 
Cathode Gaseous Conduction Lamps," 
by Leo Beck, chief engineer, Claude Neon 
National Laboratory; “Hot-Cathode 
Gaseous Conduction Lamps," by Ray D. 
Mailey, vice-president, General Electric 
Vapor Lamp Company. 

The meeting will be held at 7:30 p. m. 
in Room 1, Fifth Floor, Engineering So¬ 
cieties Bldg., 33 West 39th Street, New 
York,N.Y. 

♦ 

Intercommunication 
For iShips at Sea 


Developments 
In X-Ray Science 

Dr. A. MutscheUer, director of research 
of the Westinghouse X-ray Company, will 
be the speaker at the next general meeting 
at the New York Section to be held at 
8:15 p. m. on March 27 in the Engineer¬ 
ing Auditorium, 33 West 39th Street, 
New York, N. Y. 

Renowned for his contributions in the 
field of X-ray, Doctor MutscheUer will 
trace the progress from early beginnings, 
pointing out some of the problems which 
have been overcome in bringing thia 
science up to its present highly developed 
state. He wiU describe some of the re¬ 
cent and outstanding accomplishments— 
among them the hot-cathode high vac¬ 
uum valve which has made possible the 
generatiou of extremely high voltage 
direct current—^and will discuss the vari¬ 
ous applications of the modern X-ray in 
the industrial and scientific world. 

^ The lecture wiU be followed by a 
demonstration of the Lenard cathode ray 
tube sho wing some of the more spectacular 
results achieved today by the X-ray. 


FSiiure 

Section Meetings! 


Tlio Conunuiiicsilitoii Group of Uio Now 
York Section will hold a mooting on the 
evening of March 10 for the discussion 
of “Communication Pacffities of Ships at 
Sea.” Two speakers have been selected 
to present the subject as follows: “Ship- 
to-Shore Radio Telephone Systems,” by 
Prederiok R. Lack, Bell Telephone Labo¬ 
ratories, Ino., New York, N, Y., and 
“Ship-to-Shore Radio Telegraph Sys^ 
terns,” by George H. Clark of the Radio 
Corporation of America, New York, N. Y. 
There will be wnple time for discussion. 
The meeting will be held in the auditorium 
of the Bell Telephone Laboratories, 65 
Bethune St., (comer of West Street) New 
York, Ni Y., and will be called to order at 
7:30 p,m. 

By courtesy of the Laboratories, dfaTiflr 
will be saved in the ostfeteria from 6:00 
p. m. on, to members and guests at a 
charge of 75 cents, and duriiig the period 
preceding the meeting sound pictures vdll 
be presented ic the auditorium. 


Cleveland 

March 19,1931— 'Industmal Applica- 
KONB OP Vaottum Tdbes'and Photo- 
niiBOTBic CniiiiS} by B. L. .Manning, 
General Blectric Research Laboratories, 
Schenectady, N. Y. 

April 16, 1931— ^Htjmak Rblationb m 
Indosibt, by Whitmg Williams.' Joint 
meeting with Student Branch of Case 
School of Applied Srienoe, at which twtf 
papers will be presented by students. 

Detroit-Ann Arbor 
Mareh 17, 1931— ^Thb SoTTim op a 
Skasow, by J. B. Taylor, Gteneral Elec¬ 
tric Co, 

April 21, 1931-^1,000 -Dbq. TcniBiint, 
by Paul W. Thompson, Detroit Edison 
Co. Meeting to be held at the Detroit 
Edison Auditorium. 

LehliUit Valley 

March 27, 1931 —r AnvuiKTUEBs in 
SomNoii, by E, L, Manning, Meeting to 
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be bald at Sterling Hotel, Wilkes-Barre, 
Ba* 

April 24, 1931—Ladies’ Night, to be 
beld at Amerious Hotel, Allentown, Pa. 

Niagara Frontier 

Mafcb 20, 1931—Subject and speaker 
to be announced later. 

April 17, 1931— ^Abt of Enqinebeing, 
by Mr. Dohner, Westingbouse Electric 
& Mfg. Co. 

Seattl 

March 17,1931—^Annual joint meeting 
of tbe Pounders* Societies with program 
in charge of the American Society of Civil 
Engineers. 

April 21, 1931—^Annual joint meeting 
with the A, I. E. B. Student Branch of 
the University of Washington. Program 
under the auspices of the students. 

Sharon 

March 3, 1931—Hecbnt Inteeesting 
Abeonautical Developments, by Lieu¬ 
tenant S. P. Mills, War Department, 
Wright Field, Dayton, Ohio. 

Spokane 

March 27, 1931—^Program by local 
members as follows: Sebvice and 
Services, by G, S. Covey; Standard 
Meter Equipment, by J. G. Finley; 
Relay Applications to Feeder Pro¬ 
tection, by C. F. Norberg. 

Toledo 

March 20,1931— Industrial Applica¬ 
tions OF Vacuum Tubes and Photo- 
ELECTRio Cells, by E. L, Manning, 
General Electric Laboratories, Schenec¬ 
tady, N. Y. 


Pasit 

iSedion. I^eefinfiai 


Akron 

Excitation Systems and Excitation 
Problems, by James F. Foote, Allied 
^Engineers, Inc. January 81 Attendance 
116. 

Atlanta 

The Responsibilities of the Engi¬ 
neers, by R, V. Wright, managing editor, 
Railway Age, and president, A. S. M. B. 
W. L. Stagey, Seaboard Air lane Rail¬ 
way, described tbe important problems 
of railroads. Joint meeting with the 
A. 1^, M; E. and A. S.U. E., preceded by 
dinner. February 3. Attendance 85; 

Boston 

Possible Application of High 
Tension D. C. Transmission, by HJ R. 
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Summerhayes, General Electric Co. Mr; 
Mr. Summerhayes outlined the develop¬ 
ment work his company is doing on thyra- 
tron tubes, and explained by the use of 
slides the action within the tubes and how 
they would be used on a transmission line. 
January 13. Attendance 300. 

Cincinnati 

George W. Bason, Condit Electrical 
Mfg. Corp., presented a talk on the vari¬ 
ous factors involved in circuit breaker 
operation. Illustrated with slides and 
motion pictures showing actual arc in- 
tennptions made under oil in heavy glass 
tanks. Dinner preceded the meeting. 
December 11. Attendance 102. 

Cleveland 

Future Power Development and 
Distribution in the Cleveland 
Metropolitan Area, by H. L. Wallau, 
Cleveland Electric Illuminating Co, 
Having described the generating equip¬ 
ment used by the above Company in 
1901, Mr. Wallau outlined and illustrated 
the development and progress of the sys¬ 
tem from that period to the present day. 
January 22. Attendance 116. 

Columbus 

Some New and Interesting Devel¬ 
opments IN Engineering and Research 
by C. K. Lee, Westingbouse Electric & 
Mfg. Co. Illustrated. Also, moving 
pictures showing modern mechanized 
mining. January 31. Attendance 60. 

Connecticut 

Machine Switching Mechanism, by 
O. C. Levy, Automatic Electric, Inc. 
Illustrated with slides and a demonstra¬ 
tion of the Strowger automatic telephone. 
Meeting held at Dunham Laboratory, 
Yale University, January 16. Atten¬ 
dance 98. 

Denver 

General Aspects of the Boulder 
Canyon Project, by E. B. Debler, U. S. 
Reclamation Bureau. Illustrated with 
lantern slides. January 16. Attendance 
56. 


Erie 

History and Art op Paper Making, 
by Henry J. Obermans, Hammermill 
Paper Company. Many exhibits on dis¬ 
play. December 16. Attendance 118. 

Fog Flying and Development op 
Electrical and Magnetic Instru¬ 
ments FOR Blind Flying, by E, G. 
Haven, General Electric Co. Dinner in 
honor of the speaker preceded the meet¬ 
ing. January 20. Attendance 118* 

Fort Wayne 

Dance. January 23. Attendance 80. 
Indianapolis-Lafayette 
The- Production of Copper, by E. S. 
McConnell, Anaconda Wire & Cable Co, 


Moving pictures showing the production 
of copper, starting at the mine and carry¬ 
ing through the various stages to the 
finished wire, tube, and sheet, were 
presented. Dinner preceded the meeting. 
January 23. Attendance 42. 

Ithaca 

Some Engineering Considerations 
op Talking Movie Apparatus, by 
Herbert Belar, R. C. A.-Victor Co. The 
underl 3 ring principles of sound picture 
systems and functions of each component 
part were explained in detail. January 
23. Attendance 150. 

Kansas City 

The Engineers Place in the Com¬ 
munity, by Rev. Earle A. Blackman, 
Sponsor, ICansas City Youths’ Forum; 

Specialty, by B. J. George, Elansas 
City Power & Light Co. December 23. 
Attendance 51. 

Some Recent Developments in 
Lightning Protection, by I. P. Mon- 
seth, Westingbouse Electric & Mfg. Co.; 

Futuristic Trend in Switchgear 
Equipment, by A, J. Peterson, Westing- 
house Electric & Mfg. Co, Illustrated. 
January 28. Attendance 76. 

Los Angeles 

The Small but Mighty, by Dr. H. D. 
Arnold, Bell Telephone Laboratories, Ino. 
Considerable discussion followed. Janu¬ 
ary 27. Attendance 271. 

Madison 

Symposium on Methods op Increas¬ 
ing THE Load Factor op a Power 
Distribution System. Speakers—S. M. 
Coe, Wisconsin Power & Light Co. and 
Harold E. Koch, Hevi Duty Electric Co. 
Discussion followed. January 21. . At¬ 
tendance 43. 

Memphis 

The New City Waterworks Plant, 
by Major Thomas H. Allen, consulting 
engineer. Discussion followed. January 
13. Attendance 24. 

Mexico 

The Exploitation op Saltpeter in 
Chile, by E. F. Lopez, National Import 
Co.; 

Car Lighting by Electricity in the 
National Railways of Mexico, by 
R. C. Rodriguez, National Railways of 
Mexico. Illustrated with charts. Janu¬ 
ary 13. Attendance 41. 

The Applications op Electricity in 
Sugar Mills, by B, I. Brown; Mental 
Calculations, by E. Leonarz, Jr., 
Mexican Light & Power Co, February 
3. Attendance 34. 

Milwaukee 

A New System of Speed Control for 
A. C. Motors as Applied to Auxiliary 
Power Stations, by Fraser Jeffrey, AUis- 
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Chalmers Mfg. Co. Illustrated with 
slides. Discussion followed the talk. 
January 7. Attendance 205. 

Arc Welbino Generators anb Their 
Application, by Z. L. Hansen, North¬ 
western Mfg. Co. Mr. Hansen traced the 
history, application of arc welding, neces¬ 
sary apparatus, and latest developments 
in the art. Discussion followed. Febru¬ 
ary 4. Attendance 53. 

Minnesota 

Analysis op Circuit Breakers unber 
Short Circuit, by George W. Swallow, 
Anuarican Brown Boveri Co., Ino. Illus¬ 
trated with motion pictures. January 28. 
Attendance 150. 

Nebraska 

The Development anb Appucation 
OP Rabiant Energy, by T. Tennyson 
Harris. January 19. Attendance 25. 

Oil Circuit Breaker Phenomena, by 
George W. Swallow, American Brown 
Boveri Co., Inc. February 4. Atten¬ 
dance 50. 

Niagara Frontier 

Application op Electric Power in 
Eailroab Transportation, by S. T. 
Dodd, General Electric Co. Illustrated 
with slides and motion pictures. Informal 
dinner in honor of the speaker was held 
at the Hotel Statler. January 16. At¬ 
tendance 60. 

Philadelphia 

Smoker at the Penn Athletic Club. 
February 9. Attendance 200. 

Pittsburgh 

Some Recent Work op the Bureau 
OP Stanbarbs, by Dr. G. K. Burgess, 
Director, Bureau of Standards. Moving 
pictures and a demonstration of the 
theremin followed. Midwinter dinner 
meeting held jointly with the Engineers 
Society of Western Pennsylvania. Janu¬ 
ary 13. Attendance 277. 

Pittsfield 


E. C. Curtis, General Electric Co. 
December 16. Attendance 80. 

The Small but Mighty, by Dr. H. D. 
Arnold, Bell Telephone Laboratories, Inc. 
Dinner in honor of the speaker preceded 
the meeting. January 15. Attendance 
220 . 

Provid nee 

Aims anb Objects op the Institute, 
by Professor Harold B. Smith, Worcester 
Polytechnic Institute. Dinner preceded 
the meeting. December 9. Attendance 
40. 

The Electrical Development op the 
Fiptben Mile Falls Hybroblbotrio 
Project, by B. W. Dillard, New England 
Power Association. Illustrated with lan¬ 
tern slides and motion pictures. Dinner 
in honor of the speaker preceded the 
meeting. January 7. Attendance 150. 

St. Louis 

Rabio System op the St. Louis 
Police Department, by Professor R. S. 
Glasgow, Washington University. B. J. 
Bonnesen, Bell Telephone Laboratories, 
Inc., gave an interesting account of the 
new broadcast station EMOX. January 
21. Attendance 180. 

San Antonio 

Air Conbitioning op a Mobern 
Oppiob Builbing, by T. M. Cunningham, 
Carrier Engineering Corp. Following the 
address, those present inspected the air 
conditioning apparatus in the Milam 
Building. January 26. Attendance 35. 

San Francisco 

The Small but Mighty, by Dr. H. D. 
Arnold, Bell Telephone Laboratories, Inc. 
Illustrated. Dinner preceding the meet¬ 
ing held at the Engineers’ Club. January 
23. Attendance 450. 

Seattle 

The Small but Mighty, by Dr. H. D. 
Arnold, Bell Telephone Laboratories, Inc. 
January 19. Attendance 130. 


Toledo 

Power Transmission anb High- 
Voltage Insulators, by A. 0. Austin, 
Ohio Brass Co.; 

Regulation on Distribution Sys¬ 
tems, by W. T. Lowery, Toledo iSdison 
Co. Illustrated. January 16. Atten¬ 
dance 90. 

Toronto 

Abtipicial Transients op Trans¬ 
mission Lines with Particular Refer¬ 
ence TO Performance op Lightning 
Arresters, by Z. B. McEachron, Gen¬ 
eral Electric Co. Hlustrated with slides. 
January 23. Attendance 110. 

Urbana 

Physical Properties and Prob¬ 
lems op Dielectrics, by Professor 
V. Zarapetoif, Cornell University, and 
Professor J. Zunz, University of Illinois. 
January 13. Attendance 175. 

Utah 

Research Developments, by H. T. 
Plumb, General Electric Co. Apparatus 
for demonstration purposes on display. 
January 19. Attendance 84. 

Vancouver 

Praotigal Aspects of System Sta¬ 
bility, by F. A. Hamilton, Jr., General 
Electric Co. Discussion followed. Feb¬ 
ruary 2. Attendance 51. 

Washington 

Industrial Applications of Vacuum 
Tubes, by E. L. Manning, General Elec¬ 
tric Co. Mr. Manning described early 
and recent developments of vacuum tubes 
and discussed present and possible future 
industrial applications. Dinner in honor 
of the speaker held at the Cosmos Club. 
January 13. Attendance 249. 

Cables for the Transmission of 
Power, by T. T. Faucett, General Cable 
Corp. Illustrated with slides and moving 
pict^s. Dinner preceded the meeting. 
February 10. Attendance 97. 


Yucatan and Its Ancient Civiliza¬ 
tion, by Colonel E. H. Thompson. 
Illustrated with lantern slides. January 
13. Attendance 850. 

Electrotherapeutics, by Dr. William 
Bierman, New York Physical Therapy 
Society. Illustrated. January 26. At¬ 
tendance 175. 

With Byrd to the Bottom op the 
World, by Dr. Laurence Gould, Univer¬ 
sity of Michigan. Illustrated with mov¬ 
ing pictures. February 3. Attendance 
990. 


Portland 

Building op Conbit—^Yakima 110 
Zv. Line, by C. S. Znowles, Pacific 
Power & Light Co.; 

New Developments in High Speed 
Oil Circuit Breakers and Relays, by 


Sharon 

Audible Light, by John B. Taylor, 
Gonoral Electric Co. Demonstrations of 
applications of the photoelectric cell. 
February 3. Attendance 320. 

Spokane 

The Small but Mighty, by Dr. H. D. 
Arnold, Bell Telephone Laboratories, Inc. 
January 12. Attendance 200. 


Past 

Branch Meeiing^ 


Syracuse 

Aids to Aerial Navigation, by 
Charles F. Green, Genend Electric Co. 
November 17. Attendance 167. 

Radiation Energy—Sun and Abti- 
pioiAL Rays, by Paul Luckenbach, 
General Electric Co. January 12. At¬ 
tendance 249. 


University of Akron 
Theory and Application op Di¬ 
verter Pole Generators, by N. Dick¬ 
inson, Student; 

Amateur Radio, by S. Liebowitz, 
Student. Accompanied by a demonstra¬ 
tion of a short-wave code transmitting set. 
January 14. Attendance 14. 
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Alabama Polytechnic Institute 
Oil Elbcthic Locomotives, by K, R. 
Clark, Westingbouse Electric & Mfg, Co. 
January8. Attendances. 

Discussion of means to increase student 
participation at meetings. January 29. 
Attendance 7. 

General discussion of Branch activities. 
February 6. Attendance 12. 

University of Arkansas 
Television, by Hugh Nelson, Student. 
Pibn—“A Tell You How Story of 
Telephotography.” February 3. At¬ 
tendance 30. 

Armour Institute of Technology 
Lightning Investigation on Trans¬ 
mission Lines, by William Drigot, 
Student. January 12. Attendance 38. 

Illumination, by O. P. Cleaver, 
Westinghouse Lamp Co. Illustrated 
with slides. January 26. Attendance 64. 

University of British Columbia 
Automatic Sulphur Dioxide Test¬ 
ing, by M. Saxmders, Student; 

The Development of the Incan¬ 
descent Lamp, by D. Smith, Student. 
Discussion followed. December 6. At¬ 
tendance 10. 

Inspection trip .to the Haro Street 
substation of the B. C. Electric Railway 
Co. January 10. Attendance 14. 

Electrical Precipitation, by B. M. 
Kershaw, Branch Secretary; 

The Life of Michael Paradat, by 
B. H. Full, Student. January 20. At¬ 
tendance 12. . 

' Bucknell University 

Prospective Relation of the 
Hoover Dam to Electrical Power, 
by L. E. Spangler, Student; 

Faraday and His Work, by O. R. 
Sterling, Branch chrinuan. January 19. 
Attendance 10. 

California Institute of Technology 
The Eleotrioal Distribution Sys¬ 
tem OF Pasadena, by B. L. Bettanier, 
Pasadena Mmucipal*^ light and Power 
Bureau. Luncheon preceded the talk. 
January 23. Attendance 40. 

University of California 
After a discussion of Branch activities 
three films were presented as follows: 
”The Manufacture of X-ray Tubes,” 
^‘Bitummous Coal,” and “The Manu- 
f^ture of Salt.” Joint meeting with the 
A. S. M, E. Branch. January 28. At¬ 
tendance 81. 

Case School of Applied Science 
Dinner meeting at which G. A. Sanow, 
Brwch chahman, outlined the activities 
at the Institute’s district meeting held in 
FhjMelphia; F. A. Green spoke about 
the advantages of membmhip; .and 
William Thomas, Iiutructor, discussed 
his experiences while employed by the 
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General Electric Company in the Testing 
Department. January 8. Attendance 30. 

University of Cincinnati 
Michael Faraday, by Carl Heyel, 
Student; 

Recent Trends and Developments 
IN Power-Plant Practises, by D. 
Brown, Union Gas & Electric Co. Re¬ 
freshments served after the meeting. 
February 4. Attendance 27. 

Clarkson College of Technology 
The Field of Chemical Engineering 
IN Electrical Engineering, by Profes¬ 
sor Hecker.. Refreshments served. Janu¬ 
ary 13. Attendance 26. 

Colorado Agricultural College 
Photoelectric Cell, by W. R. 
Carmack, Student; 

Analysis op Electric Heat Treat¬ 
ing, by L. Dougherty, Student; A. C. 
Holden, Student, related his experiences 
while employed by the Crocker-Wheeler 
Electric Manufacturing Co. at Ampere, 
N. J, January 12. Attendance 16. 

University of Colorado 
Talks on the Hoover Dam Project 
IN THE Colorado River Canton, by 
E. B. Debler, hydrographic engineer; 
B. W. Steele, engineer in charge of the 
dam design; and L. N. McClellan, chief 
electrical engineer of the power plant. 
Meeting sponsored by the Bureau of 
Reclamation, U. S. Department of the 
Interior. Joint meeting of all engiiieering 
societies. January 7. Attendance 208. 

Appraisals, by Juston H. Haynes, 
Lloyd-Thomas Co. January 21. At¬ 
tendance 28. 

Life op Faraday, by J. B. Gorochow, 
Student; 

Life of Joseph Henry, by William 
Wildhack, Student; 

The Thtratron, by Paul Huber, 
Student. Film—“Through the Oil Lands 
of Europe and Africa.” Refreshments 
served. February 4. Attendance 60. 

Cooper Union 

Fuses, Their History, Construc¬ 
tion, AND Causes of Failure, by L. B. 
Edwards, BussmanMfg. Co. January 14. 
Attendance 60. 

Drexel Institute 

Television, by E, K. Oliver, Branch 
Chairman. January 13, Attendance 26. 

University of Florida 
Operation of the Automatic Tele¬ 
phone, by J. L, Sanders, Student; 

Electrical Equipment for Overt* 
BEAD CRA.NES, by E. Menondez, Student. 
February 9. Attendance 26. 

Iowa State Coll ge 
Business meeting. January 20. At¬ 
tendance 42. 


Discussion and adoption of By-laws. 
January 27. Attendance 21. 

Tele vox and Electric Bye, by H. B. 
Stevens, Westinghouse Blec. & Mfg. Co. 
Joint banquet with the Iowa Section. 
February 6. Attendance 410. 

Univ rsity of Iowa 
Film—“The Single Ridge.” January 
21. Attendance 36. 

Electric Elevators, by Mr. Hath¬ 
away, Student. February 4. Atten¬ 
dance 46. 

Kansas State College 
Film—“Frozen Credits.” Nomination 
of officers for second semester. January 
15. Attendance 106. ^ 

Restoration prom an Electric 
Shook, by L. L. Naus, U. S. Bureau of 
Mines. Election of officers. December 

13. Attendance 69. 

Lewis Institute 

Business meeting. January 13. At¬ 
tendance 22. 

Massachusetts Institut of Tech¬ 
nology 

Inspection trip to the Edgar generating 
station of the Edison Electric Illuminat¬ 
ing Co. of Boston. January 14. Atten¬ 
dance 40. 

Michigan College of Mining and 
Technology 

Experienoes with the General 
Electric Company, by Mr. Howell, 
Instructor. Motion pictures were shown 
on the uses of compressed air in industry. 
January 14. Attendance 21. 

Transformers, Their Use, and 
Methods of Construction, by A. Q. 
Rogers, Student; 

Substation®, by W. D. Stewart, 
Student. January 28. Attendance 18. 

Michigan State College 
Short talk by Professor W. A. Murray, 
Counselor, on the advantages of member¬ 
ship in the Institute. January 8. At¬ 
tendance 30. 

Business meeting. January 13. At¬ 
tendance 18. 

Disdussion of plans for the electrical 
show. January 27, Attendance 18. 

BusinesB discussion. February 10. 
Attendance 17. 

University of Michigan 
Power System Development, by 
S. M. Dean, Detroit Edison Co. January 

14. Attendance 65. 

School of Engineering of Milwaukee 
Audio-Amplification in Public Ad¬ 
dress Systems and Broadcast Studios, 
by N. J, Richard, Student, Filni— 
“Blasting the Water Highways of Amer- 
iim.” A review of business conditions 
of the past year was outlmed. by K^l 
Werwath, Student. January 14. Atten^ 
dano 85. 
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University of Minn sota 
Inspection trip through the Northern 
States Power Company’s High Bridge 
Plant in St. Paul. December 3. Atten¬ 
dance 75. 

Taxation as a Mbasukb op Valua¬ 
tion OP A Public Utility for the 
Purpose op Establishing a Rate Base, 
by John Roe, Student; 

Sale Price as a Measure of Valua¬ 
tion op a Public Utility for the 
Purpose op Establishing a Rate Base, 
by L. A. Rovelslcy, Student. January 13. 
Attendance 52. 

Mississippi A. Sc M. College 
Film—‘‘Hydroelectric Production in 
tlje New South.’’ January 30. Atten¬ 
dance 61. 

Missouri School of Mines and Metal¬ 
lurgy 

Biography op Faraday, by G. L. 
Leisher, Student; 

My Summer’s Work, by M. R. James, 
Student. Film—“Steinmetz.” January 
28. Attendance 16. 

University of Missouri 
The Engineering Profession and 
THE Rewards it Offers, by A. C. 
Lanier, head. Dept, of Elec. Eng. 
Feliniaiy 4. Attendance 28. 

Montana State College 
The Button Railroad, taken from 
Weatinghotise Magazine, presented by 
M. J. Ovens, Student; 

Some Technical Aspects of Sound 
Picture Photography, taken from Boll 
Laboratories Record, pre.sented by Joseph 
J. Schuler, Student; 

Power fob Aircraft Radio, taken 
from Electric Journal, presented by 
M. Severud, Student. January 8. At¬ 
tendance 130. 

Three films presented entitled “Build¬ 
ing New York’s Newest Subway,” 
“Hydroelectric Power Production in the 
New South,” and “Blasting the Water¬ 
ways of America.” January 16. At¬ 
tendance 213. 

Radio Charts the Air Course, taken 
from Radio News, presented by E. J. 
Christiansen, Student; 

Power Generation at Niagara 
Falls, taken from Electric Journal, 
presented by Earl Doney, Student; 

Noise Measurements, taken from 
Electrical Engineering, presented by 
Frank Holly, Student; 

Improving Theater Acoustics, by 
Joseph Hxirst, Student. January 22. 
Attendance 131. 

English for Engineers, by Paul 0. 
Koetitz, Student; 

Piezoelectric Effects, by William 
McKay, Student; 


Vacuum Tubes Lead the Way, taken 
from Electrical Engineering, presented 
by Thomas Micka, Student. January 29. 
Attendance 135. 

Industrial Mobilization, by Dr. 
Kirk, professor of chemistry. Illustrated 
with lantern slides. February 5. At¬ 
tendance 149. 

University of Nebraska 

Election of officers as follows; P. 
Ehrenhard, chairman; W. G. Norris, 
vice-chairman; Walter M. Ely, secretary- 
treasurer. Following dinner, the students 
went to the Burlington Yards where Mr. 
Wesson, signal engineer for the C. B. & Q. 
Railroad, demonstrated the switcliing 
and signal system installed there. Janu¬ 
ary 23. Attendance 32. 

University of Nevada 

Business meeting. January 7. Atten¬ 
dance 8. 

Up-River Storage, by James Shaver, 
Sierra Pacific Power Co. January 14. 
Attendance 15. 

The Operation of the Di.\l Tele¬ 
phone, by Willis Pressel, Bell Telephone 
Co. and senior student in Electrical 
Engineering. January 21. Attendance 
16. 

Newark College of Engineering 

The Mechanical Brain, by C. H. 
Stephan, Student; 

The Application of A. C. Rectifiers 
TO Radio High Voltage Supplies, by 
A. Katz, Student. January 26. At¬ 
tendance 18. . 

The Mercury Jet Wave Rectifier, 
by G. Rust, Student; 

The A-C. Aiic and Deion Circuit 
B REAKE R, by J. Scheid, Student; 

The Earth Inductor Compass, by 
by C. Wayer, Student. February 9. 
Attendance 17. 

College of the City of New York 

Election of officers as follows: Charles 
Haohemeister, Chairman; Alex Rosen¬ 
berg, vice-chairman; Howard Klein, 
secretary; Bernard Beaman, treasurer. 
January 15. Attendance 20. 

New York University 

Description of Apparatus and Rou¬ 
tine IN THE Sherman Creek Power 
Plant, by J. F. Seivers, Student; 

Operation of D-C. Relays, by W. J. 
Driver, Student; 

An Acoustical Treatment of Broad¬ 
casting Studios, by M. Bogstahl, 
Branch Secretary; 

An Original Idea in Television 
Scanning, by S. H. Revitz, Student; 

Cables, by 0. M. Lerz, Student. 
January 9. Attendance 17. 


Business meeting. February 2. At¬ 
tendance 18. 

North Carolina State College 

Film—“Nature’s Frozen Assets.” Jan¬ 
uary 20. Attendance 40. 

University of North Carolina 

The Principle of the Thrbe-Elec- 
TBODB Vacuum Tube, by Professor R. F. 
Staiiiback. Report of the Southern 
District Meeting at Louisville, by 
C. P. Hayes, Branch Representative. 
January 15. Attendance 33. 

The Place of the Electrical Engi¬ 
neer IN A Power Company, by P. G. 
Johnson, Student; 

Cooperative Talk, by E. F. Frisby, 
Student. January 29. Attendance 29. 

North Dakota State College 

Film—“Conowingo.” January 16. 

Attendance 75. 

The Centennial Exposition op 1876, 
by F. W. Pearson, New York Life Insur¬ 
ance Co. Film—“Enamelware.” Jan¬ 
uary 28. Attendance 89. 

University of North Dakota 

The Effect of Lightning on Trans¬ 
mission Lines, by B. J. Shields, Student. 
Refreshments served. January 14. At¬ 
tendance 20. 

Election of officers as follows: B. J. 
Shields, chairman; Charles King, vice- 
chairman; Mark Scarff, secretary-trear' 
surer. Pebuary 4, Attendance 20. 

Northeastern University 

Construction Problems of the 
Fifteen-Mile Falls Development 
Transmission Line, bj’’ C. A. Booker, 
New England Power Co. Illustrated 
with slides. January 13. Attendance 48. 

University of Notre Dame 

Street Lighting and the Use of 
Remote Control, by Mr. Giiin, South 
Bend Controllers Co.; 

The Photoelectric Cell, by A. 
Petrauskas, Student; 

Crosstalk and Its Elimination in 
Telephony, by John Perone, Student; 

The Life of Ampere, by A. D? Neal, 
Student. Summary of news events in 
the electrical field was given by Patrick* 
Murray, Student. January 12. At¬ 
tendance 66. 

Ohio Northern University 
Automatic Train Control, by G, F. 
Ross, Student. January 20. Attendanee 
15. 

Ohio State University 
Synchronization of Paper Machin¬ 
ery, by G. B. Stoltz, Westinghouae 
Electric & Mfg. Company. January 15. 
Attendance 32. 
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Ohio University 

A New Light-Intensity Metbh, by 
George WyckofP, Student; 

Abtificiaii Fbvbb and Other Effects 
IN THE Human Body, by Herbert Adcock, 
Student. Film.—“Arc Welding Indus¬ 
try/' 'January 12. Attendance 14. 

Oklahoma A. & M. College 

Watt-Houb Meters, by Harold 
Brown, Student. January 15. Atten¬ 
dance 26. 

Univ rsity of Oklahoma 

The Belle Isle Genebatinq Station 
OF THE 0. G. & E. Co., by Mr. Danner, 
engineer for the company. Illustrated 
with diagrams and slides. November 20. 
Attendance 51. 

The Effect op Fbbquenoy Cut-Off 
ON Sound Tbansmission, by Mr. Jones, 
Bell Telephone Co. Illustrated. Janu¬ 
ary 6. Attendance 44. 

Oregon Stat College 

Business meeting. December 19. At¬ 
tendance 30. 

My Ezpebiences at the Solar 
Observatory and Elsewhere During 
TCT Past Year, by Professor W. Weniger. 
January 15. Attendance 31. 

Electromagnetic Light Valve and 
Its Application to Sound Recording, 
by Dale Hansen, Student; 

High-Pbrmbabiutt Alloys, by C. 
Boucher, Student, February 2, Atten¬ 
dance 49. 

University of Pittsburgh 
Radio Compass, by C, W. Robinson, 
Student. C. H. Carroll, Student, gave a 
travelogue of a trip from Pittsburgh to 
New Orleans. December 4. Attendance 
118. 

A Travelogue Through China and 
Blobba, by S. R. Staples, Westinghouse 
Elec. & Mfg. Co. Entertainment and 
refreshments- followed. December 11. 
Attendance 76. 

The History of Lighting, by D, C. 
Stengel, Student. E. F. Freundt, Carne¬ 
gie Steel Co., reviewed power plant 
operalSon at the Homestead Steel Mill. 
December 18. Attendance 119. 

History of the Inhabitants of 
CZEOHOSLOVAEIA, by M. Getting, 
Student; 

Mine Laying During the World 
War, by O. L. Endler, Student. January 
8. Attendance 111. 

Two films as follows: “The. Deion 
Breaker," and “Dynamic Amerioa." 
R. J. Hanna, Westinghouse Research 
Laboratories, demonstrated a talking 
motion picture projector. January 15. 
Attendance 85. 

Modern Street Cars, by B. L. 


Dumeyer, Student. An explanation of 
the telephone typewriter was given by 
R. E. Morrell, Student. January 23. 
Attendance 114. 

Pratt Institute 

A discussion of the relation between 
education and industry was given by 
H. P. Miller, Instructor in Electrical 
Engineering. January 16. Attendance 91. 

Two fibns presented, “New York’s 
Newest Subway,” and “Distribution of 
Power in the New South.” January 29. 
Attendance 51. 

Rhode Island State College 

Fifteen-Mile Falls Development, 
by A. Galonio and J. Scussel, Students. 
January 19. Attendance 8. 

Circuit Breakers, by L. Crandall, 
Student. Short business meeting fol¬ 
lowed. February 11. Attendance 13. 

Rutgers University 
Tendencies and Progress of Rail¬ 
road Electrification in Europe Com¬ 
pared with American Practise, by 
Mr. Gelhaus, Student: 

The Opportunities for Employment 
with the Railroads, by Mr. Jobbins, 
Student. December 9. Attendance 20. 

Steam Generation, by Mr. Howell, 
Student; 

Transmission and Distribution, by 
Mr.Trompen, Student; 

The Opportunities for Employment 
WITH THE Electric Light and Power 
Companies, by Mr. Wegel, Student. 
January 6. Attendance 21, 

University of South Carolina 
Radio Central, Rocky Point, L. I., 
by J. A. Kadgler, Student; 

Electric Power for Cotton Mills, 
by H. Gi Smith, Student January 12. 
Attendance 30. 

Election of officers as follows: L. B, 
R ankin , chairman; 0. H. Bryan, vice- 
chairman, L. W. Dickerson, Jr., secretary. 
February 9. Attendance 10. 

South Dakota State School of Mines 
Mtw Mitenger gave an interesting talk 
on his work with the Westinghouse Elec¬ 
tric & Mfg. Co. January 22. Atten- 
dance44.: 

University of Southern California 
Nomination of officers. January 7. 
Attendance 44. 

Election of officers as follows: A. B. 
Mathews, chairman; H. G. Cook, vice- 
chairman; M. C. Marshall, secretaoy; 
C. M. Drury, treasurer. January 14. 
Attendance 32, 

A discussion of radio interference was 
i^ven by A. G. Walters, Radio Trades 
Commission. January 21. Attendance 26. 


Stanford University 
Panel Type and Stbp-by-8tep Type 
OF Dial Telephone Systems, by W. W. 
Stahl, Pacific Telephone <& Telegraph Co. 
January 15. Attendance 31. 

Inspection trip through the Palo Alto 
exchange of the Pacific Telephone & Tel¬ 
egraph Co. January 17. Attendance 23. 

Syracuse University 
Thyratron Tubes, by Donald Robin¬ 
son, Student; 

Electrical Equipment in the Gyp¬ 
sum Industry, by Willis Kleppinger, 
Student, February 6. Attendance 25. 

University of Tennessee ♦ 

Engineering Salesmanship, by J. E. 
Housley, Aluminum Company of America. 
February 5. Attendance 18. 

University of Texas 
Election of officers as follows: T. E. 
Cole, President; C. J. Pilgrim, vice- 
president; J. H. Neidert, secretary- 
treasurer; D. Sussin, corresponding secre¬ 
tary, January 23. Attendance 49. 

University of Vermont 
Micarta Insulation, by B. V. Kibby, 
Student. January 13. Attendance 25. 

Film—“Through the Switchboard.” 
February 10. Attendance 33. 

Virginia Polytechnic Institute 
The Stbinmbtz that I Knew, by 
J. E. Birdsall, Student; 

The Signal Corps Camp, by L, W. 
Webb, Jr., Student; 

Arc Welding and Structural Steel, 
and, A Soundless Substation, by F. S. 
Boch. January 15. Attendance 31. 

Business discussion. January 29. At¬ 
tendance 22. 

University of Virginia 
G. G. Quarles, branch chairman, gave 
a report of the conference on Student 
Activities held dming the Institute’s 
Southern District meeting at Louisville, 
Ky. January 13. Attendance 16. 

University of Washington 
Film—“From Mine to' Consumer.” 
December 11. Attendance 23. 

My Trip Bast to the Tau Beta Pi 
Convention, by Geoige Palo, Student. 
January 8. Attendance 18. 

A Year in the Frozen Arctic, by 
Robert J. Gleason, Student. January 15. 
Attendance 14. 

Washington State College 
Obysal OsoiLLATOBs, by Lester Hat¬ 
field, Student. Duane Olney, Student, 
described the hydroelectric station on the 
Clearwater River, owned by the Pacific 
Power & Light Co. January 7, Atten¬ 
dance 24. 

Washington University 
L. W. Sieck, Student, gave a talk on the 
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St. Louis, Mo., police radio instaUatiou. 
January 15. Attendance 18. 

West Virginia University 
Business meeting. February 3. At¬ 
tendance 30. 

University of Wyoming 
Einstein’s Theory op Relativity, by 
Dr. Pbilo P. Hammond, bead of Physios 
Department. January 22. Attendance 
37. 

Yale University 

Tide Water Power, by H. Gears, 
Student; 

Rocky River Development op the 
Connecticut Light and Power Com¬ 
pany, by A. A. Watson, Student; 

Boulder Canyon Project, by O. C. 
Rutledge, Student. December 9. At¬ 
tendance 13. 

Electro-Acoustic Reproduction of 
Sound, by Dr. E, E. Free, Professor of 
General Science, N. Y. University. 
Joint meeting with the A. S. M. E. Branch. 
January 6. Attendance 66. 


The Art op Public Speaking, by 
Professor Hubert Greaves. Illustrated. 
January 13. Attendance 44. 

Strowger Dial System, by E. Levy, 
Automatic Electric Company. Joint 
meeting with the Connecticut Section, 
A. I. E. E. January 16. Attendance 97, 

Lightning Arrester Problems in 
Distribution Systems, by R. Philip 
Hart, Cazenovia Electric & Telephone Co. 
January 17. Attendance 30. 

A Comprehensive Study op Electri¬ 
cal Developments in 1930, by J. N. 
Buckwalter, Student; 

A Statistical Survey op Electrical 
Industries in 1930, by L. Clare, Student; 

The National Broadcasting Net¬ 
work, by P. Thomson, Student; 

SteelMills, by R. M. Ferris, Student; 

Direct Current Application to 
Steel Mill Drives, by D. B. Fisk, 
Student; 

Alternating Current por Steel 
Mill Drives, by R. Sehlitt, Student. 
January 20. Attendance 13. 
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Men 

Available 

ELECT RIO AL ENGINEER, age 28; single; 
with considerable industrial experience: one year 
as graduate assistant: M. S., Iowa State Oollege, 
1930; B. S., Pennsylvania State College. 1925. 
Desires position as Instructor, with prospect of 
permanent teaching position. C-3202. 

ERECTING ENGINEER. 40, of brOad 
experience In power plant construction, main- 
tenance and operation. Exceptional ability in 
the erection and wiring of switchboards, power 
plant atudliaries, oil circuit breakers, and . high- 
voltage outdoor substations. Available im¬ 
mediately. 0-8792. 

HEAD OF ENGINEERING DRAWING 
DEPARTMENT of prominent university for 
seven years will consider change to similar 
position. Available June 1931. B. S. in 
electrical engineering. Telephone and electri¬ 
cal experience. Practical machine designer. 
B-8248. 

1930 GRADUATE ELBOTRIOAL ENGI¬ 
NEER, University of Minnesota, age 23. 
Experience as a regular tester at Weetinghouse 
Electric & Manufacturing Oompany. Desires 
position with a power company. Interested in 
generator or distribution work. Location, 
Middle West or Padflc Ooast. Available how. 
0-8796. 

ELEOTRIOIAN, experienced In all branches 
of electrical work, especially insulation applica¬ 
tion and manufacture. Capable of dir cting 
any type of electrical construction or mainte- 

March 1931 


nance. Oonsldcrable experience in development 
and application of porcelain parts, 0-8769. 

MECHANICAL AND ELECTRICAL EN¬ 
GINEER, after thirteen years with one of the 
leading coiporations, is now available. Experi¬ 
ence covers all phases of design, construction, 
and operation of modem tiuho-electric 
generating stations for public and private 
utilities, Including putting existing plants in 
more efficient operation at moderate cost. 
C-8249. 

GRADUATE ELBOTRIOAL ENGINEER, 
1921. Many years* maintenance and construo- 
tlou work In Latin America, design and drafting 
experience, soimd sales engineering training with 
G. E., fluent Spanish. Desires position along 
commercial or engineei^g lines. Preferred 
location, New York City or abroad. Available 
immediately. 0-6551. 

BLEOTRIOAL-MEOHANIOAL B N GI - 
NEEB, married, 7 years* experience including 
G. B. Test, substation and distribution with 
urility, development with electrical manufac¬ 
turer, superintendent of small shop and 
operation of substations and motor rooms with 
a steel mill. 0-1068. 

ELBOTRIOAL ENGINEER, 1930, experi¬ 
enced in installation, maintenance, and repair 
of motors as used in plants for driving industrial 
machinery. Have had some work on control; 
control of eipiipment for motors, on a-c. and 
d-c. circuits. Desires to connect with some 
kind of industrial eaulpment company. Lo¬ 
cation, immaterial. 0-8763. 

GRADUATE ELBOTRIOAL ENGINEER, 
1929. One year Westlnghouse Student Course. 


Several months* diagram and substation layout 
experience. Age 23, single. Location pr ferred, 
Middle West. 0-8523. 

ELBOTRIOAL ENGINEER. 1930 graduate 
of flrst-dass technical school of New York State 
desires immediate connection. Prefers testing, 
research, or any oth r junior electrical engln er- 
ing work suitable for a recent graduate.* Some 
hydroelectric, power and lighting maintenance,, 
construcrion, installation and testing befor 
graduation. Keeping up in studies. Not 
interested in sales. Good references mid per¬ 
sonality. 0-7036. 

ELBOTRIOAL ENGINEER, 30, single, 
technical graduate, G. E. Tost, ten years design 
and construction of substation, power plants, 
electrical railways and mines, five years foreign. 
Desires position as engineer or general foreman. 
Location, anywhere. Available at once. 0-217. 

SOUTH AMERICAN ELBOTRIOAL EN¬ 
GINEER, 1930 gradiiate, 25, single. Two and 
one-half years* power plant experience. Desires 
connection with an American company. Loca¬ 
tion in any part of the States or in any 
Spanish speaking country. 0-8766; 

GRADUATE ELBOTRIOAL ENGINEER, 
1928, ^gle, age 25. Aggregate of two years 
in public utility and railway operating com¬ 
panies. Year Student Course, and ^o years 
railway and material handling application 
engineering with large manufacturer. Desires 
position with railway, utility, manufacturer 
or consulting Arm. 0-8671. 

ELBOTRIOAL ENGINEER, university 
graduate, 44, married. Two years G. B. Test, 
16 years* experience in design and manufacture 
of transformers With large companies. Desires 
position with utility or manufacturing company. 
Best of references. Available on short notice. 
0-8806. 

ELBOTRIOAL ENGINEER, age 42. Have 
twenty years* experience in public utility 
business design, construction and operation. 
Also some industrial experience. With last 
employer twenty years. Location, immaterial. 
0-8798. 

ELBOTRIOAL ENGINEER, college gradu¬ 
ate, 31, married. Eleven years in station, 
transmission and distribution designs; system 
operation and planning: superintendence of 
meter and relay department; studies; reports 
and calculationa. Good theoretical as well as 
practical background. Accustomed to re¬ 
sponsibilities. Prefer New York or environs 
but will consider good proposition elsewhere. 
B.9401. 

ELBOTRIOAL BNGINBBR,*graduate Shef¬ 
field Sdentlflc Scbool, 23 years' experience 
including: electrical contracting with compa¬ 
nies doing large power work; five years in 
service department of large electrical manufac¬ 
turing oompany as field engineer and supervisor. 
Experienced electrical estimator. Desires per¬ 
manent connection, preferably in the East. 
0-3175. 

INDUSTRIAL ENGINEER, electrical grad¬ 
uate, with additloual study at M. I. T. Three 
years* manufacture and electrical test. Con¬ 
siderable electrical and mechanical experience 
relative to application of power equipment in 
industrial plants. Fifteen years' experience 
including seven years with electric utilities. 
Available upon short notice. Location, any¬ 
where. A-4018. 

^ PHYSICIST Ph. D., 39 years old, with 12 
years* experience in electrical development, 
formerly chief of a physical laboratory, familiar 
with U. S. A. and foreign patent laws, desires 
position in electrical concern, preferably tele¬ 
vision or movietone laboratory. 0-8604. 
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GEADTJATE ELBCTRIOAL ENGINEBB, 
29. married. Two years’ experience on indus¬ 
trial plant layout. years supervising 

construction jobs and one year system planning, 
eastern utility. Desires position where exten¬ 
sive accounting knowledge, acquired through 
night studies Is an asset. Best references. 
liOcatiOBi preferred, M tropolltan New York. 
Available immediately. 0-8535. 

COLLEGE GRADUATE, 25. single, B. S. 
degree in E. E. Seven months R. O. A. engi¬ 
neering course, 11 months N. B. O. engineering 
course. Experience in development and re¬ 
search work. Seeking position in any electrical 
line with future and opportunity for advance¬ 
ment. 0-8467. 

ELEOTRIOAL ENGINEER, S. B. degree in 
In E. E. in 1925. Five years’ experience in 
electrical equipment design, public utility operas 
tion and field construction. Natural writing 
talent. Desires work in editorial or related 
fields. 0-4875. 

WEST COAST REPRESENTATION— 
ELEOTRIOAL ENGINEER with successful 
selling experience, wishing to locate in Southern 
Oalifomia. offers his services to manufacturers 
of products requiring a representative with 
engineering background. At present employed 
In New York Olty. 0-1074. 

WIRING DIAGRAM SPECIALIST, desires 
position with public utility; 43, married, techni¬ 
cal education. Understands cooperation neces¬ 
sary between office and field forces in connection 
with wirings. Familiar with power-house and 
substation layouts, conduit plans, bus structures, 
switchboards. Experienced in drafting and its 
application to field work. Location preferred, 
East or South. 0-8436. 

ELEOTRIOAL DESIGNING ENGINEER, 
technical graduate, 33, expert draftsman. 
Power-plant, substation and Illumination design 
experience. Two years* experience on mercury 
arc rectifier substations for railway service. 
Seeking permanent position with progressive 
concern. B-7332. 

GRADUATE ELEOTRIOAL ENGINEER, 
single, 33. Six years with large manufacturing 
corporation. Experienced in manual and auto¬ 
matic switchgear application, preparation of 
specifications, testing and electrical drafting. 
Location, United States America. Available 
immediately. 0-8680. 

GRADUATE ELEOTRIOAL ENGINEER. 
31, single, eight years* experience, design and 
construction of transmission lines, voltages up 
to, and Including 220-ky., outdoor and Indoor 
blgh-vqltage substation and distribution net¬ 
works. Desires position in engineering or 
construction department of large utility or 
holding company. Location, immaterial. O- 
3664. 

ELEOTRIOAL DRAFTSMAN, 29. single 
but dependents. Experienced on. substa¬ 
tion and power-house design, industriid and 
marine equipment instaiUation. Desires tem¬ 
porary or permanent position. Avaflable at 
^t once. Location preferred. Pacific Ooast. 
0-8729-311-0-7. 

PRODUOTION MANAGER, age 49. mar¬ 
ried. Mechanical and electrical graduate. 
Experienced executive and organizer. Eighteen 
years* experience in production, maintenance, 
plant layout, budgeting, estimating and time 
study in large machinery and copper wire field. 
Desires a position that requires energy and 
initiative. Available immedlatitiy. Location 
preferred, immaterial. 0-4440. 

ELEOTRIOAL ENGINEER has had 8 years’ 
exp^ence with vacuum tube applications. . 
Experience has covered research and develop¬ 
ment of precision laboratory apparatus. Recent 


activities have been centered on audio-frequency 
transmission circuits and design of high quality 
amplifiers. Inquiries invited firom leading 
companies requiring such services with location 
preferably In New York, 0-8746. 

RAILROAD-TELEPHONE MAN, 42. mar¬ 
ried, Six years* railroad experience, 26 years* 
telephone experience. Desires position as 
foreman. Qualified to engineer layout of 
clrcu ts for construction, maintenance, installa¬ 
tion of printers, pneumatic tubes, other com¬ 
munication auxiliaries. Able to do Western 
Union Telegraph contact work, prepare dose 
estimates and handle men. Oan furnish 
references, 0-7768. 

GRADUATE ELEOTRIOAL ENGINEER, 
28, married, American, wishes position In experi¬ 
mental, research or development work. Three 
years’ experience in inspection and small 
instruments. Two years in accounting and 
statistics. B-8815. 

ENGINEER, R. S, Harvard; B. S. Massachu¬ 
setts Institute of Tedmology, mechanical and 
electrical engineering. Three years Instructor 
in physics and electrical engineering. Three 
years drafting and design. Three and one-half 
years radio research and development, last two 
and one-half years being with R. O. A, Victor 
Oompany (Massachusetts). 0-4275. 

INDUSTRIAL ELEOTRIOAL ENGINEER. 
43, over 15 years* experience on industrial 
plants, distribution, special applications; design, 
specifications, construction and maintenance. 
Also fire prevention and protection engineering. 
0-8414. 

ELEOTRIOAL ENGINEER, 36, technical 
education with 10 years* executive experience 
supervising both design and construction. 
Desires position as engineer in charge of design 
or construction, or plant engineer. Location, 
immaterial. 0-8683. 

ELEOTRIOAL DESIGN DRAFTSMAN 
OR CHECKER, 31, single. Third year night 
engineering, twelve years' experience covering 
design of power plants, substations and network 
systems. Desires connection with public utility 
or engineering firm, Location. Immaterial. 
Available on two weeks’ notice. B-8628. 

GRADUATE ELEOTRIOAL ENGINEER, 
age 26, single. Reared in the Orient, traveled 
widely. One year test course with motor manu¬ 
facturer, one year sales experience on Paciflc 
Ooast. Desires permanent location with a 


company looking forward to an expansion in 
its foreign business. Available at once. Loca¬ 
tion, anywhere In U. S. B-6946-311-0-6-San 
Francisco. 

MANAGER OR SUPERINTENDENT, ag 
47, married. Executive, electrical or industrial. 
Succe.ssful organizer, efficient operator. Knows 
men and can handle them. Especially interested 
properties not now paying, where future depends 
on results. Reads, writes, and speaks Spanish. 
Capable earning six thousand up. Available, 
reasonly short notice. Location, preferred, not 
particular (Western U. S. preferred!.‘ C-8777- 
312-0-1-Saii Francisco. 

TECHNICAL GRADUATE in electrical 
engineering,, 29, single, years’ G. B. Test; 
over 10 years* experience with leading electrical 
company in repair and testing of electrical 
apparatus. Desires position in testing and 
experimental work on motors, generators, etc. 
Putme prospects considered more important 
than initial salary. Best of referenced. 
0-8778. 

1930 GRADUATE. ELEOTRIOAL ENGI¬ 
NEERING, 22, single. Seven months Westing- 
house test. Desires position in operating or 
service department of utility company, but will 
consider work of any kind. References. Lo¬ 
cation, West or Middle west. Available at once. 
0-8779. 

ELEOTRIOAL ENGINEER, 25, single. 
E. B. and Master’s degrees. Good mathemati¬ 
cian with theoretical and research grounding. 
General Electric test and general engineering 
courses. Interested in pure engineering, mathe¬ 
matics and teaching. Best references. Will 
consider any location. 0-8382. 

GRADUATE ELEOTRIOAL ENGINEER, 
35, good technical school. Ten years’ experi¬ 
ence In electrical station construction and design 
drafting, including considerable mechanical 
experience. Latest position superintendent of 
design and construction of transformer substa¬ 
tion . Preferring station design and construction 
with ability would consider engineering 
industrial plant maintenance or operation. 
0-8785. 

ENGINEER, si>oclally qualified in indus¬ 
trial construction or management in Spanish 
America. Twenty years’ experience, design, 
construction, management, sales, more 
two-thirds In United States. Unusually fiuent, 
correct Spanish. Large acquaintance officials, 
industry, South America, especially West Ooast. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Post St. 

San Francisco 
N. D. Oook, Manager 


205 West Wacker Drive 
Chicago 

A. K. Krauser, Manager 


31 West 39th St. 
New York 

W. V. Brown, Manager 


I^AINTAINED by the national sode- 
ties of civil, mining, mechanical, and 
electrical engineera, In cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers* Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available* —^Brief announcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s interval. Names and records 
remain on file for three months; renewable 
upon request. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 


Opportunities* —A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or SIO per 
annum, payable in advance. 

Voluntary Contributions. —^Members 
benefiting through this service are invited 
to assist in its f iu*therance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year’s salary. 

Answers t Announcements*— 
Address the key number indicated in 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 
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Woiald take a contract, branch managership, 
OP sales agency part commission basis, any 
engineering line, states or abroad. 0-8822. 

SWITCHBOARD FOREMAN, age 31, 
married, four years with Western Electric Com¬ 
pany. Six years with construction companies 
for pxiblic utilities, specializing in Installation of 
switchboards and control apparatus for power 
houses and substations. Also experience In 
metallic telephone and carrier cmTent telephone 
installation. C-4831. 

ELECTRICAL ENGINEER, 27. single. 
Experience with public utility company In 
transmission, distribution (overhead and under¬ 
ground), and substation design and construc¬ 
tion. Two years design on motor installations 
and power-plant eaiUpment with nationally 
known engineering corporation. Desires con- 
n^lon with engineering depaitment of public 
utility company in West or Middle West. 0-8541. 

ELECTRICAL ENGINEER, 24, single. 
B. S, in E. E. Westlnghouse graduate student 
coui*se. Twenty-one months* experience, design 
and application of railway control apparatus. 
Also some exporionco as student engineer, large 
power company. Desires position with oppor¬ 
tunity for advancement with railway operating 
company, other utility, manufacturing company. 


Location preferred, East, Middle West. 0-8742. 

ELECTRICAL ENGINEER. B. S. degree in 
1919; age 33, married. Ten years’ experience 
with large company making electrical power 
apparatus, includes designing of electrical and 
mechanical construction and calculating of cost, 
weight and dimensions, In connection with 
customers* negotiations. Available at once. 
Location, immaterial. 0-4633. 

ELECTRICAL ENGINEER, 24, married. 
Desires engineering work. Has had experience 
with oscillographs and radio. Holds second- 
grade commercial wireless operators license. 
Has public utility test experience. Also survey¬ 
ing experience. Personal interview desired. 
0-3036. 

GRADUATE ELECTRICAL ENGINEER, 
30, married. Practical experience in design and 
construction of industrial equipment and light¬ 
ing layouts: electric overhead and imderground 
distribution with traction utility; electric and 
general contracting In own business. Available 
Immediately. B-6384. 

GRADUATE ELECTRICAL ENGINEER. 
28, four years* manufacturing experience in 
production and engineering on electrical motors, 
desires position with company where greater 
opportunities are offered. C-2882. 
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Transfers 

Recommended 

The Board of Examiners, at its meeting of 
February 18, 1031, recommended the folloivlng 
members for transfer to the grade of member¬ 
ship indicated. Any objection to these transfers 
should be filed at once with the National 
Seci'etary. 

To Grad of Fellow 

CHURCHWARD, ALEXANDER, Technical 
Director, Wilson Weldor & Metals Co., 
North Bergfisi, N. J. 

HARRISON. WILLIAM H.. plant engineer, 
American Tel. & Tol. Co., New York. 
JOHNSON, F. ELLIS, head of Dept, of Elec. 

Engg., Iowa State College, Ames, Iowa. 
MELVIN, HOWARD L., assistant electrical 
Engr., Electric Bond & Share Co., Now 
York. 

SILLOOX, LEWIS K., vice-president. New 
York Air Brake Co., Watertown, N. Y. 

To Grad of Member 

ABBOTT, THOMAS A., Instructor in Elec. 

Engg., Yale University, Now Haven, Conn. 
AYRES, EDMUND D., Asst. Prof, of Elec. 
Engg., University of Wisconsin, Madison, 
Wls. 

BRAATEN, THEODORE, Switchgear Engi¬ 
neer, Westlnghouse Elec. & Mfg. Co„ 
Boston, Mass. 

BROWN, JOSEPH S., engineer, Stone & Web¬ 
ster Engg. Corp., Boston, Mass. 

BURTON, JAMES A., telephone & telegraph 
engr., American Tel. & Tel. Co., New 
York. 

OOWGILL, LESTER B., asst, engr., Electric 
Bond dp Share Co., New York. 
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FARRINaTON, JOHN F.. radio engr.. Inter- 
national Communications Labs., New 
York, 

HAGAN, JAMBS S.. olec. engr,. Central Rail¬ 
road Co. of New Jersey, Jersey City 
Terminal, N. J. 

HENDRICKS, CHESTER I., Plant Engr., 
Texas Electric Service Co., Fort Worth, 
Texas. 

HUTTON, LESLIE B., chief engr., Southland 
Electric Power Board, Invercargill, N. Z. 

JORDON, CHARLES A., asst, engr., Electric 
Bond & Share Co., New York. 

PIERCE, ROBERT E., asst, engr.. Electric 
Bond & Share Co., New York, 

SCHWAGER, A. O., oil circuit breaker design 
engr., Pacific Blectiic Mfg. Corp,, San 
Francisco, Calif. 

SQUIRES, HOWARD A., district manager, 
Delta-Star Electric Co., and Champion 
Switch Oo., Boston, Mass. 

VAN DYCK, WILLIAM VAN BERGEN, 
manager, International General Electric 
Co. Inc., Schenectady, N. Y. 

WRIGHT, ERNE ST M., asst, engr., Pacific Gas 
& Elec. Co., San Francisco, Calif. 


♦ 

Applications 
for Election 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission ^ an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 


election of any of these candidates should so 

Inform the Secretary before March 31, 1931. 

Abeel, L. B., Tonawonda Power Co., North 
Tonawanda, N. Y. 

Amick, W. M., Western Electric Co., Inc., 
Newaik, N. J. 

Anderson, E. G., General Electric Co., Port 
Wayne, Ind. 

Babbitt, G. W., Canadian Sc General Finance 
Co., Toronto, Ont., Can. 

Bairos, C. A., Stanford University, Stanford 
University, Calif. 

Barnett, F. G. (Member), Rockford Electric 
Co., Rockford. Ill. 

Becker, A. J., AlUs-Ohalmers Mfg. Oo., Pitts¬ 
burgh, Pa. 

Berlin, J. A, W,, International Harvester Co., 
Chicago, Ill. 

Blocksom, F. O., United States Bureau of Mines, 
Denver, Colo. 

Boicourt, P. R,, Iowa Public Service Co., Storm 
Lake. Iowa 

Breece, O. A., Indiana Bell Tel. Co., Indianapo¬ 
lis, Ind. 

Butler, J. W.. Goueral Electric Oo„ Schenec¬ 
tady, N. Y. 

Campbell, G. H., General Electric Co., New 
York, N. Y. 

Olutts. C. E., American Tel. & Tel. Co., New 
York.N, Y. 

Cole, O. S., Copper & Brass Research Associ¬ 
ation, New York, N. Y. 

Compton, K. T.. (Fellow), Mass. Inst, of 
Technology, Cambridge, Mass. 

Orary, S, B., Jr., General Electric Co., Schenec¬ 
tady. N. Y. 

Oyr, A. J., New Bnmswick Electric Power 
Comm., St. John, N. B., Can. 

David, A. R., Brooklyn Edison Co., Brooklyn. 
N. Y. 

Doavers, W, R., Virginia Electric Sc Power Co., 
Richmond, Va. 

Diaz, M, S.. AlUs-Ohalmers Mfg. Co., West 
Allis. Wls. 

Dorman, B. H., General Electric Co., Buffalo, 
N. Y. 

Elder, T. W., The Ohio Power Co., Coshocton, 
Ohio 

Erskine, S. E., Canadian General Electric Co., 
Vancouver, B. C., Gan. 

Fife, W. H., United Electric Light & Power Co., 
New York. N. Y. 

Foos, O. B., General Electric Co., Schenectady, 
N. Y. 

Fountain, L. L., Westlnghouse Elec. & Mfg. Go., 
East Pittsburgh, Pa. 

Franzen. J. E„ Management Engg. Corp., In¬ 
dianapolis, Ind. 

Geer, A. L., Shell Pipe Line Corp., Colorado. 
Tex. 

Gosinskl, J. N., Allied Engineer^, Inc., Jjackson, 
Mich. 

Goslln, R. A., Fau*banks-Moi*se Sc Oo., In¬ 
dianapolis, Ind. 

Haege, O. C.. B. J. Cheney, New York, N. Y. 

Hamner, F. G., Allied Engineers, Inc,, Birming¬ 
ham, Ala. 

Hansen, P., Western Union Telegraph Co., 
New York, N.Y. 

Haynes, H. H., 59 Hilltop Driye, Nichols^ 
Bridgeport, Conn, 

Helser, O. A„ Anaconda Wke Sc Cable Co., 
Dallas, Tex. 

Henderson, F. M., Indiana Sc Michigan Electric 
Co., South Bond, Ind. 

Herrington, L. B., Kentucky Utilities Co., 
Louisville. Ky. 

Hitchcock, R. O., (Member), Westlnghouse Elec. 
& Mfg. Oo., East Pittsburgh, Pa. 

Hively, J. P, H„ General Electric Oo., Schenec¬ 
tady. N. Y. 

Helper, P. E., Western Electric Co., Kearny, 
N.J. 

Holzman, W. H„ 246-20th St., Oakland, Calif. . 

Horan, T. I„ Pennsylvania Power Sc Light Co., 
DanviU ,Pa. 
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Hutcheson, B. M., Virginia Electric & Power 
Oo., Bichmond, Va. 

Ikola, G. H., Carnegie Institute of Technology, 
Pittsburgh, Pa. 

Johnson, H. D., General Electric Co., Schenec¬ 
tady, N. Y. 

Kllgen, G. J., Jr., New Jersey Public Service 
Electric & Gas Oo., Newark, N. J. 

iJKnaus, W. X/., General Electric Co., Schenec¬ 
tady, N. Y, 

Koontz, L. F., General Electric Co., Scheneo 
tady, N. Y. 

Kramer, E. M., Electric Service Supplies Co.. 
Philadelphia, Pa. 

Krleger, H. B., Consolidated Gas Electric Light 
& Power Co., Baltimore, Md. 

Kuhn, B. J., (Member), .New Orleans Public 
Service Oo., Inc., New Orleans, La. 

Lelendecker, J. A„ National Lumber & Oreo- 
sotingOo., Dallas, Tex. 

Lilja, E. D., Barber-Oolman Co., Bockford, Ill, 

Llntem, E, S., Cleveland Ballway Oo., Cleve¬ 
land, Ohio 

Uoyd, 0.1., Western Electric Co., Kearny, N, J 

Lusher, W. B., Hydro-Electric Power Comm, of 
Ontario, Toronto, Ont., Can. 

MacLaren, I. W., University of Kansas, Law¬ 
rence, Kans. 

Mahr, A., (Member;. Central States Pr. & Lt. 
Oorp; Missouri Elec. Pr. Co., Mountain 
Grove, Mo. 

Maibauer, A. E., The Bakelite Oorp., Bloom¬ 
field, N. J. 

Mann, J., Metropolitan Device Oorp., Brooklyn. 
N.Y. 

Mason, W. O., General Electric Co„ Schenec¬ 
tady. N.Y. 

Maynard, S. J., Valley Electric Service Co., 
Bay City, Mich. 

McOanne, L., Stromberg-Oarlson Telephone 
Mfg. Oo., Rochester, N. Y. 

McOlintock, W. E., AUis-Ohalmers Mfg. Oo., 
Pittsburgh, Pa, 

McConnell, J. D., W, S. Lee Engineering Oorp., 
Charlotte, N. O, 

McMillan, R. W., Jr., Pennsylvania Power 8c 
Light Co., Allentown, Pa. 

McNeil, D. H., Stone ^ Webster, Inc., Wash¬ 
ington, D. O. 

McNeills. B., 645 W. 111th St„ New York, N. Y. 

Melxell, O. S., Western Electric Oo.. Kearny. 
N. J. 

Mendenhall, V. D„ Generid Electric Co., 
Philadelphia, Pa. 

Mennle, J. H., Western Electric Oo,, Keamy. 
N.J. 

Merkel, O. O., Edge Moor Iron Oo., Edge 
Moor, Del. 

Mirk, D., Moccasin Power House, City of San 
Francisco, Moccasin, 0«dif. 

Mole, J. R., (Member), Asbestos Oorp., Ltd,. 
Thetford Mines, Quo., Can, 

Moore, F, B., Erie Electric Sales Service, Inc,, 
Brie, Pa. 

Moore, Jr,, Public Service Oo. of Colo., 
Denver, Colo. 

Mowat, G., Pacific Gas & :Electric Co,, San 

‘ Francisco, Calif. 

Nash, E., D. L; & W. Railroad. Hoboken, N. J. 

Nuddi-P^, General Electric Oo„ Schenectady, * 
N,Y. 

Olson, R. C,i Cleveland Railway Co., Cleveland, 
Ohio 

Parker, N„ Climax Molybdenum Co., Climax, 
Ooloi 

PieriM>n, A. R„ Jr., Moloney Electric 06., 
Atlanta, Ga; 

M. 'W'.. CMemberJ, da. Hldrodwtrica 

^ ^ ^ S. A., Mexico, D. P., 

Mexico , 

^^rrington^ T. U., Western Electric Co., 
I^^KBamy.N, J. 

M.f National Electric Light Association, 
New York, N.Y, 


‘Raney, W. E., The Colonial Electric Co„ 
Cleveland, Ohio 

Bawls, J. A., Virginia Electric & Power Co., 
Richmond, Va. 

Belter, B., General Electric Co., Schenectady, 
N.Y. 

Ripley, H. C.. 18 Virginia St.. Milton, Mass. 

Runaldue, L. R.. General Electric Co., Sche¬ 
nectady, N. Y. 

Savage, P. L., General Electric Co., Los Angeles, 
Calif. 

Scampton, W. D., Canadian UtiUties Ltd., 
Nokomis, Sask., Can. 

SeLegue, J. B., General Electric Co.. Los 
Angeles, Calif. 

Shaw, T. E.. Homestake Mining Co,, Lead, 
So Dak. 

Shrlber, A. L., Dept, of Water & Power, City 
of Los Angeles, Los Angeles, Calif. 

Shuman. M. M. (Member). Virginia Public 
Service Co., Alexandria, Va. 

Small, T. M., Ludlow Manufacturing Associates, 
Liidlow, Mass. 

Smith, H. P., Palrbanks-Morse & Co., Chicago 
Ill. 

Spatz, W. C., American Tel. & Tel. Co„ Rich¬ 
mond. Va. 

Specht, W., General Electric Co., Philadelphia, 
Pa. 

Stinson, W. L., (Member), Jeffery Dewitt 
Insulator Co., New York, N. Y. 

Stokes, H. L., University of South Carolina, 
Columbia, S. O. 

Stromsted, A. J., Puller & McCUntoclc, New 
York, N.Y; 

Stulglnskis. B. A., D. P. Robinson A Co., Inc., 
Trona, Calif. 

SulUvan, B. S., The Homo Tel. & Tel. Co., 
Fort Wayne, Ind. 

Thomas, M. A., University of Texas, Austin, 
Tex. 

Thuem. C. H„ General Electric Oo., New York. 
N.Y. 


Tltherington. R. G., General Electric Co., 
Shreveport, La. 

Waggoner, E. M., 2 Cannon St., Poughkeepsie, 
N. Y. 

Wang, O. C., 103 E. Oak St., West Lafayette. 
Indiana 

Ware, R. L., Virginia Electric & Power Co., 
Richmond, Va. 

Wasson, O.. General Electric Co., Philadelpliia, 
Pa. 

Weyerts, B. E., General Electric Co., Tacoma, 
Wash. 

Wilson, J. M., Hydro-Electric Power Comm, of 
Ontario, Niagara Falls, Ont., Can. 

Wolf, H., College of the City of New York, 
New York, N, Y. 

Wong, O. L., 2017 W. Monroe St., Chicago, Ill. 

Total 127 

Foreign 

Ball, R. D., English Electric Co., Ltd., Bradford, 
Eng. 

Bawa. S. K., (Member), Public Works Dept., 
Lahore, Punjab, India 

Cunningham, B. T., Taikoo Sugai* Refining 
Oo. Ltd., Hongkong, China 

Cutbertson, R. M., L. J, Reynolds, Carring¬ 
ton Chambers, Sydney, N. S. W., Aus¬ 
tralia 

Kemp. R. O., Santa Marta Railway Co., Ltd., 
Santa Marta, Colombia, South America 

Mehta, M. L., Delhi Cloth 4; General Mills Oo., 
Ltd,, Delhi, India 

Mistry, K. B., (Member), Public Works Dept,, 
Bombay, India 

Sandoval, F., (Member), Chilean State Rail¬ 
ways. Santiago, Chile 

Shen, P., Chinese Government Radio Adminis¬ 
tration, Shanghai, China 

Tsao. T. O., University of Chekiang, Hangchow, 
China 

Wadadekar, S. V., The Dharwar Electric Sup¬ 
ply Co., Ltd., Dharwar, India 

Total 11 



New Books 

In the Societies Library 

^MONQ tbe new books received at 
the Flngineeriiig Societies Library, 
New York, during January are the 
following which have been selected 
because of their possible interest to the 
electrical engineer. Unless otherwise 
specified, books listed have been pre¬ 
sented gratis by the publishers. The 
Institute assumes no responsibility for 
statements made in the foEowing outlines, 
information for which is taken from the 
preface or text of the book in question. 

Industrial History op the United 
States, By Witt Bowden. N. Y,, 
Adelphi Company, 1930. 611 pp., 8x6 
in., cloth, $4,00.—A very readable 
one-volume account of our industrial 
growth from the period of discovery to 
the present day. The economic forces 
governing each epoch are clearly indicated 
and their influence upon our industrial 


development shown. The general reader 
as well as the student will find the book 
of interest. 


Telephone Theory and Practice, 
v. 1; Theo^r and Elements. By Hemp- 
^ ^Miller. N. Y., McGraw-Hul 
Book Co., 1930. 486 pp., illus,, diagrs., 

9x6 m., cloth. $6,00.-^This irthe 

tot volume of ,a three-volume text which 
is intended to give students and advanced 
workers a comprehensive review of 
modern telephony. The book is the 
successor of the author“American 
Telephone Practice,” but is entirely new. 

The present, volume relates to the 
underlying theory. An introductory gen¬ 
eral and historical section is followed 
by a discussion of acoustical and electrical 
principles. The elements of telephone 
apparatus are then treated. The work is 
hon-mathematical and descriptive. 


Amber to Amperes; the Stoiy of 
Electricity, By Ernest Greenwood. 
N. Y., Harper & Bros., 1931. 332 pp., 

illus., ports., 10 X 6 in., cloth; $4.00.^- 

Sketches the growth of our knowledge and 
use of electricity from the earliest times 
to the present day. The author’s method 
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has been to select the principal events 
in the progress of the science and 
to present an account of the social and 
historical back^ound of each and of the 
chief personalities involved. The uses of 
electricity for illumination and communi¬ 
cation are emphasized in this interesting 
work. 

DbEHSTBOMMOTORISN MIT Doppelkafi- 
GANBEE UND VbRWANDTE KoNSTETTK- 
TiONBN. By Franklin Punga and Otto 
Raydt. Berlin, Julius Springer, 1931. 
165 pp., illus., diagrs., 9x6 in., bound. 

16.-r. m.^-Discusses the design and 

construction of these motors, explains 
their advantages and describes the more 
important commercial types. A section 
is devoted also to centrifugal couplings. 

/The Dynamic Univbbse. By James 
Mackaye. N. Y., Charles Scribner’s 
Sons, 1931, 308 pp., 8 x 6 in., cloth. 

$3.60.-This book presents a radia- 

tional theory of the stjruoture of matter 
and the cause of its change of motion. 
The theory is physical, rather than 
mathematical or metaphysical. It aims, 
while accepting Einstein’s equations, to 
give an explanation and reinterpretation 
of them which will be more natural. An 
important contribution to theoretical 
physios. 

An Early Experiment in Industrial 
Organization; being a history of the 
fii-m of Boulton & Watt, 1775-lS06. By 
Erich Boll. Lond. & N. Y., Longmans, 
Green <fc Co., 1930. 320 pp., plate, 

9 X 6 in., cloth. $6.00-^An interesting 

study of the organization of the earliest 
engineering factory, and of the business 
methods adopted in its management. 
The rapid development of the business is 
traced in detail, and its business organiza¬ 
tion and policy, w^e system, relations 
with labor, and similar problems are 
discussed. The point of view is entirely 
economic. 

Elbotrical Equipment. By T. C. 
Lloyd. N. Y., John Wiley & Sons, 1930. 
287 pp., illus., diagrs., tables, 9 x 6 in., 

cloth. ^ $3.60.-Intended for students 

of mining, mechanical and chemical 
engineering who have studied the theory 
of the motor, generator, and transformer, 
and wish a brief account of the theory of a 
wider variety of electrical equipment, as 
a guide to the selection of apparatus for 
given requirements. In addition to the 
fundamental machines, the author dis¬ 
cusses^ switchboards, meters, storage 
batteries, illumination, heating, trans¬ 
mission, (Mstribution, and rectification. 
Comparative cost data are given, and 
economio questions discussed. 

Electroplating; a Survey of Modem 
Practise. By Samuel Field and A. Dud¬ 
ley Weill. N. Y., Isaac Pitman & Sons, 
1930. 206 pp., illus., tables, 8x6 in., 
cloth. $2.00.—A concise treatise which 
brings together the results of modern 
research for the practical eleotroplater. 

Guide du Tbchnicibn pour l’Obgan- 
isation DU Travail Personnel. By 
J. Rousset. Paris, Ch. B6ranger, 1930, 
192 pp., illus., 10 X 6 in., cloth. 62,60 

fr.-This unusual book is a guide to 

the collection and utilization of informa¬ 
tion, for the benefit of engineers. The 
author discusses the collection and 
classification of notes and documents, 
the organization of libraries, the use of 
reference libraries, the writing of articles, 
book publishing and a number of related 
topics. Much practical, sound advice 
not collected elsewhere is given. 


Magnetic Phenomena. By Samuel 
Robinson Williams. N. Y,, McGraw- 
Hill Book Co., 1931. (International 
Series in Physics). 230 pp., illus., diagrs., 

tables, 9 X 6 in., cloth. $3.00.-A 

general survey of the whole field, in¬ 
tended to stimulate interest in research 
work in magnetism and to give the 
preparatory background for it. The. 
theory of magnetism and the effects of 
magnetism upon the mechanical, acousti¬ 
cal, electrical, thermal and optical proper¬ 
ties of matter are presented. 

The Quantam Theory. By Fritz 
Reiohe; translated by H. S. Hatfield and 
Henry L. Brose. N. Y., E. P. Dutton & 
Co., 1930. 218 pp., 8 X 6 in., cloth. 

$2.10.-^An excellent account of the 

origin and development of the quantum 
theory from its introduction to the 
present day, which does not make any 
great mathematical demands upon the 
reader. A bibliography and numerous 
references furnish ample guidance to 
students who wish to pursue the subject 
further. 

Rblaisbuch, By Vereinigung der 
Elektrizitatswerke. Berlin, The Associa^ 
tion, 1930. *457 pp., illus., diagrs., 
plates, 8x6 in., cloth. Price not indi¬ 
cated.-^A handbook for operators in 

electric power stations and electrically 
equipped industrial plants, upon the 
practical, use of protective relays. The 
protective systems in use, their applica¬ 
tion under various conditions, the acces¬ 
sories of relay systems, and the methods 
of testing relays are discussed fully and 
practically. The book is published by 
the Association of Electric Plants of 
Germany. 

Richtlinien PfiR Qbschweisste 
Gasrohrlbitungbn von mbhr als 200 

MM DuRCHMESSER UND MBHR ALS 1 ATfi 

Betribbsdruck, Berlin, V. D. I. Verlag 
1930. 10 pp., 8x6 in., paper. Price 
not indicated.-Specifications for weld¬ 

ing gas mains, approved by the Standards 
Committee of the Society of German 
Engineers. 

Die ROntgentechnik in der 
MATERiALPRfiPUNG. By J. Bggert and 
E. Schiebold. (Ergebnisse der technis- 
chen Rfintgenkunde, bd. 1). Leipzig, 
Akademisohe Yerlagsgesellschaft, 1930. 
206 pp., illus., diagrs., 9 x 6 in., cloth. 
16,80r.m.—-Contains acourse of lectures 
delivered by various specialists at the 
Charlottenburg Technical High School. 
These describe the principles of Roent¬ 
genology, the apparatus and methods 
used, and the ways in which Z-rays are 
used to detect flaws in castings and welds, 
in chemical engineeriiig, and in other 
branches of manufacturing. Much prac¬ 
tical information is given. 

Text-Book of Practical Physical 
Chemistry, By K, Fajans and J. Wtlst. 
N, Y„ B. P, Dutton & Co., 1930. 233 

pp., illus., 9x6 in., cloth. $4.96.-^A 

laboratory textbook,' giving detailed 
directions for performing es^eriments that 
illusti^te the chief methods of physico- 
chemical investigation. The theory of 
each experiment is also explained. 


Treatise on Physical Chemistry* 
Edited by.Hugh S. Taylor. 2nd edition. 
N. Y., D. Van Nostrand Company, 1931. 
2 V., illus., diagrs., tables, 9 x 6 in., fabri- 

koid. $15.00 (2 v.).-Intended to 

present modern physical chemistry with 
sufficient comprehensiveness to meet the 
needs of advanced students and of men 
engaged in industrial research who wislf 
the theoretical treatment of their investi¬ 
gations. The work is the joint effort of 
a group of eminent authorities and is a 
most satisfactory treatise. 

The new edition has been extensively 
revised to include recent developments. 

VbRDAMPPBN KoNDBNSIEREN UND 

KfiHLEN. By E. Hausbrand. 7th edi¬ 
tion revised by M. Hirsch. Berlin, Julius 
Springer, 1931. 359 pp., illus., diagrs., 

9x6 in., cloth. 29.-r. m.-^Although 

issued as a new edition of Hausbrand’s 
well-known work, this is practically a new 
book. To a lai^er extent than formerly^ 
the theoretical principles are presented* 
Formulas and graphs replace many tables 
of numerical data. The technique of evap¬ 
orating has been made the principal topic, 
and condensing and cooling are considered 
only in relation to evaporating plants. 

The new work treats the subject much 
more systematically and scientifically. 
The data required by the designer are 
given extensive discussion, and the con¬ 
struction and use of evaporating appara¬ 
tus are*treated. 

VoLLSTXNDIGE ZaHLENTAFBL UND 
Diagramme pUr Das Sfezifischb 
VOLUMEN DBS WaSSERDAMPFBS BEl 
Drt&CKBN ZWISCHBN 1 UND 270 AT. By 
H. Speyerer and G. Sauer. Berlin, 
V. D. I. Verlag, 1930. 8 pp., 8 x 12 in., 

paper. 2,60 r. m.-^These tables are 

based on the data of Knoblauch, Raisoh, 
Hausen, Davis and Smith. The tables 
extend from 100 deg, cent, to 550 deg., 
by ten-degree intervals. Values are given 
for each atmosphere below 120, and for 
each five atmospheres for higher pressures. 


Engineering Societies Library 
29 West 39tli Street, New York, N. T. 

J^AINTAINED as a public reforcnce 
library of engineering and the allied 
sciences, this library is a cooperative 
activity of the national societies of civil, 
electrical, mechanical, and mining Engi¬ 
neers. 

Resources of the libraiy are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon wiitten application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 

A collection of modern technical books 
is available to any member residing In 
North America at a rental rate of live 
cents per day per volume, plus trans¬ 
portation charges. 

Many other sorvtoes are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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Selected Items From 

Engineering Index Service 


CELECTED references to current 
electrical engineering articles from 
Engineering Index Service’s review of 
some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 


Accidents 

ELECTRIC. Electnc Shock: Interpretation 
of 31eld Notes, W. Maclachlan. Hydro-Electric 
Power Commission of Ontario — Btil.t vol. 17, 
no. 11, Nov. 1930, pp. 418-427, 2 figs. Analysis, 
of reports of approximately 700 cases of electric 
accidents. 


Arcs 

ELECTRIC. Some Causes for Variations 
to the Light and Steadiness of High Intensity 
Carbons, D. B. Joy and A. O. Downes. Soc. 
Motion Picture Enyrs, — JL^ vol 16, no. 1, Jan. 
1931, pp. 61-66 and (discussion) 65-66, 3 figs. 
Arc length-arc voltage relations of high Intensity 
arc depend very largely upon relative positions 
of positive and negative carbons; there is very 
definite point at which light is maximum and 
point of maximum light is not point of Tnii.iriimim 
steadiness. Bibliography. 

Busbars 

LOSSES. The Efficient Utilization of Con¬ 
ductor Material tn Busbar Sections, O. Dannatt 
and S. W. Bedfearn. World Power (Lond.)^ 
vol. 14, nos. 83 and 84, Nov. 1930, pp. 897-400 
and Dec., pp 492-496, 8 figs. Nov.: Main fac¬ 
tors determJmnff conductor losses in a.c. busbar 
systems and influence of their distribution on 
temperature rises obtained; extent to which 
theoretical solutions are available for prede¬ 
termination of temperature rise. Dec.: l&peri- 
mental methods for measurement of total loss. 


Gables 


DESTRUCTION BY INSECTS. Beetle 
Damage to Lead Cable, B. J. P. Rendell, Elec. 
Light and Power, vol. ^ no. 12. Dec. 1930, pp. 
70, 72 and 74, 5 figs. Oases of damage to aerial 
telephone cables by lead boring insects have 
been reported from varied parts of world; 
matters have been Investigated by Government 
scientists whose findings are set forth in bulletin 
No. 1107 Issued by Department of Agriculture; 
experiments of Pernambuco are related. Ab¬ 
stract of paper *n Proc. of Entomological Soc. of 
Washington. 

FUSE BOXES. Network Boxes, Engineer 
(Lond.), vol. 160, no. 3908, Dec. 6, 1930, p. 622, 
1 fig. New type of link or fuse disconnecting 
box for four or five-core cables put on market 
by British Insulated Gables, Ltd.; all current- 
carrying parts are made from hlgh-oonductivlty 
copier IPtrip, and number of joints or contacts 
has oeen reduced to Tninimum; linlcs are of plug 
type, with volted contacts. 

GROUNDS. Freak Earth Faults, H. Joseph. 
Elec, Times (Lond,}, vol. 78, no. 2042, Dec. 11, 
1030, p. 1019. 3 figs. Analysis of potential 
differences which even may lead to shock set 
up In ground near grounded conductor of under- 
gromad cable. 


IMPREGNATING MATERIALS. Weather¬ 
proof Inmregnated braided Insulation of Elbctrie 
Lines (Wetterfest getraenkte Befiechtungen von 
elektrischen Leltungen), B. Klndscher. Gummi- 
Zeitung (.Berlin), vol. 46, no. 9, Nov. 12, 1930, 
pp. 383-336. Laufenberg and others have 
shown increasing water impermeability of films 
with increasing content of organically bound 
lead; author's tests In Government experimental 
station in Berlln-Dahlem to ascertain cause of 
varying behavior of red-lead linseed-oil mixtures; 
necessity Is 6hown.of careful selection of specUOly 
suitahle red lead for impregnated cables, such as 
win Improve action of linseed oil by formation 
■of organic lead compounds. 


TELE01^PH» TRANSATLANTIC. Ad¬ 
vices In Transoceanic Cable Technique, H. 
Mason. Inst, Radio Engrs. — Proc., vol. 18, no. 
12, Dec. 1930, pp. 2176-2191.3 figs. Progress in 


construction of transatlantic cables is described 
from earliest to most recent type, which operates 
at 1400 letters per min. without technical detail 
development of cable operating mechanisms 
is sketched indicating improvement which 
resulted from use of relays, magnifiers, and 
regenerators; application to cable art of land- 
Un multiplex telegraph practice is shown. 


TESTING. Portable Kenetron Housing 
Design, C. W. Evans. Elec. World, vol. 96, 
no. 26. Dec. 27, 1930, pp. 1178, 1 fig. Design is 
for 100-kv. cable testing set and it cont^ns 
eve]^ facility for rapid routine testing; frame 
work IS 2 by 4-ln. scantling and roof and sides 
are of shlplap; floor is of 1 by 8-in. boards, and 
frame is assembled with bolts and screws. 


PAPER INSULATED. Reduces Gable Ioni¬ 
zation by Super-Vacuum Process, S. J. Rosch 
and H. G. Burd. Elec. World, vol. 96, no. 25, 
Dec. 20, 1930. pp., 1132-1135. 7 figs. For one 
year process has been used at Hastmgs-on-Hud- 
son plant of Anaconda Wire & Gable Co., that 
has been particularly effective in removing 
occluded gases and moisture from compound 
and paper Insulation before It is impregnated in 
preventing contamination between steps in 

g rocess, with result that very low power factor 
i obtained even at high unit stresses. 

^ RADIO INTERFERENCE. SlmiUtaneous 
Atmospheric and Gable Interference CQ-leich- 
zeltige Luft-und Kabelstoerungen), M. Baeum- 
ler. Elekirische Nachrichten-Tecfmik (Berlin), 
vol. 7, no. 8. Aug. 1930, pp. 325-330, 15 figs. 
Report on measurements by Haak and O. Fuchs 
on sinmle wire Emden-Vigo cable In order to 
study simultaneous occurrence of interference in 
cable and in ether. 


SUBMARINE INSULATION. Paragutta, 
A New Insulating Material for Submarhie 
Gables, A. R. Kemp. Franklin Inst. — Jl., vol. 
211, no. 1. Jan. 1931, pp. 37-57, 9 flgs. Ex¬ 
tended study was undertaken of causes of losses 
and other electrical wealmesses of submarine 
insulation and search has been made for better 
materials; as result of this iuvestigation in^a- 
tlon called paragutta has been developed which 
as name suggests is derived essentially from 
rubber and gutta percha. Bibliography. 


Circuit Breakers 

OIL. Modem Switchgear. Engineer (Lond.) 
vol. 150, no. 3910, Dec. 19.1930, pp. 674-675, 7 
flgs. Type RM circuit breaker rated at 4000 
amperes at 12,000 volts Trith breaking capacity 
of 1,000,000 kva, this being, it is said. Ingest 
horizontal draw-out metal-clad switchgear unit 
that has been built; special feature of new Rey- 
roUe type is complete separation of phases in 
circult-brealcer portion of gear. 

Commutators 

FAILURE. Oil Seepage Gauses Gommuta- 
tor Fallm’es, W. O, Hurlburt. Elec. West, vol. 
66, no. 1, Jan. 1, 1931, pp. 24-25, 3 flgs. Syste¬ 
matic recording and ob^rvation of commutator 
failures has led to conclusion that in majority of 
cases, primary cause of breakdowns can be 
attributed to seepage of oil from bearings; most 
records were made from motors in elevator 
service subjected to rotation reversal, although 
unidirectional machines showed identical ten¬ 
dencies. 

Condensers 

SYNCHRONOUS. Synchronous Oondens- 
ers and Capacitors. Power Plant Eng., vol. 36, 
no, 1, Jan, 1,1931, pp. 93-94,4 flgs. Oorrection 
of low power factor by means of synchronous or 
static condensers. 


Conductors 

ELECTRIC. Control Contacts and Arc 
Lengths, W. B. Klndy. Elec, JL, vol. 27, no. 
12, Dec. 1930, pp. 727-728, 2 flgs. Oharacter- 
Mics of arc wmeh is drawn when low capacity, 
low-voltage, d.c. circuit is opened by set of 
contacts in design of control c&cults of modem 
automatic and remotely controlled electrical 
equipment, are discussed. 

^ ALUMINUM. The Jointing of Steel Gored 
Aluminum Conductors. Engineer (Load.), vol. 
150, no. 3910, Dec 19.1930, p. 688. Tests have 
been made at Prescot Works of British Insulated 
Gables, Ltd., on firm’s patented aerial cable 
union, and tests show that this type of joint 
complies fully with requirements. 

INSULATION. Ueber die Beflechtung 
iapllerter Leitungen (Braiding of Insulated Wire) 
K. Sleber. V. D. I. Zeii., vol. 74, no, 61, Dec. 
20, 1980, pp. 1735-1738, 7 flgs. Influence of 


thickness of braid and of braiding angle on 
quaflty and costs of braiding: mathematical 
analysis of braid thickness, braiding costs, etc. 

LIQUID. New Experiment for Demon¬ 
strating the “Pinch” Effect (Bin neuor Versuch 
zur Demonstration des “Pinch” Effektes), 
E. Blaich. Eleklroicchnik and Maschinenbau 
(Vienna), vol. 48, no. 49, Dec. 7, 1930, pp. 
1083-1085.4 flgs. Experiment which shows that 
motions in liquid conductors, as noticed for 
instance in induction furnace, find their principal 
cause in electromagnetic processes. 

Control 


REGENERATIVE. Regenerative Oontrol 
wth Gompoimd Motors on Paris Tramways, 
M. Bacquevrisse. Tramway and Ry, World. 
(Lond.), vol. 68, no. 24. Nov. 13, 1930, pp. 
275-281 and (discussion) 281-283, 11 figs.; see 
also editorial comment on p. 274. Design 
principles, simplification and improvements of 
regenerative control equipment; permanent 
coupling of motors; abolition of series-parallel 
transition; arrangement of motors in series; 
controller of reduced size; traction equipment 
with compound motors built by Alsthom Oom- 
pany, for “L” type cars on Paris street railroad 
two and three-car trains. Paper read befofe 
mternatlonal Tramways and Light Rys. Union, 
Paris. 


Regenerative Oontrol with Compound Woimd 
Motors (Stromrueclcgewunnung mlt Verbimd- 
motoren), W. Mattersdoifl!. Verkehrsicchnik 
(Berliri), no. 50, Dec. 12, 1930, pp. 667-660, 3 
figs. Results obtained at Session of Inter- 
nationaJer Strassenbahn and Klelnbahuverein, 
October 1930. in Paris with respect to problem; 
various systems of regenerative control; Bac- 
queyrlsse connection. 


Controllers 

ELECTRIC. Electrical Control Gear. 
Engineer (JLond.), vol. 160, no. 3911, Dec 26, 
1930, pp. 714-716, 4 figs. Control gear made by 
Laurence, Scott, and Electromotors. Ltd. for 
machines intended for balancii^ large tuibine 
rotors weighing 17 tons or more; gear of this 
type has been supplied to Royal dockyards and 
to several private shipyards. 

Converters 


rKJBUUKrtCT. DTequenoy Converters for 
A. G. Railroad Electrification, L. G. Smith. 
Nat, Elec. Light Assn. — Bui. vol. 17, no. 12. 
Dec. 1930, pp. 765-767, 6 figs. How to meet 
problem of single phase electrification; types of 
converters available; factors to consider in 
selection; desi^ features of single phase genera¬ 
tors; types of phase balances available; com¬ 
parative costs and losses. 


Cranes 

ELECTRIC. Repulsion Motor as Crane Mo¬ 
tor (Der staendergespelste Elnphasenkommuta- 
tormotor (Repulsionsmotor) als Kranmotor), R. 
Richter. Fperdertechnik and Frachloerkehr (Wit¬ 
tenberg), vol. 23, no. 23 and 26, Nov. 7, 1930. 
pp. 439-443, and Dec. 19, pp. 404-497, 6 flgs, 
Nov. 7: Tests made on portal crane which has 
four repulsion motors, for hoisting, slewing, 
crane travel on portal and portal travel, show 
that for alternating current, these motors are 
wen suited as crane motors; description of crane 
result of tests with hoisting motor; Dec. 19: 
Result of tests with riewing and travel motors: 
operation characteristics and construction of one 
phase repulsion motors. 


Diesel-Electric Plants 

Practical Building Pointers for Diesel Engine 
Plants. Diesel Power, vol. 8. no. 12, Dec. 1930. 
pp. 632-634, 2 figs. Plan of plant designed to 
avoid wasting building volume on accessories. 

COSTS. ^Operating Cost of Diesel Engine 
(Sifi costo di esercizio del motor! Diesel), (J. 
Oolajannl. Energia Elettrica (Milan), vol. 7. 
no. 10, Oct. 1930, pp. 864-860. Review oi 
relative importance of various Items of operating 
expenses based on Italian experiences. 

J?MTAIN. An Oll-Bngined Central 
Station. Power Engr. (Lond,), voi. 25, no. 
297, Dec. 1930, pp. 461-465, 8 figs. Layout and 
constructional features of Dunoon electricity 
l^dertaking; main engines supplied by Davey 
Paxman & Go., Ltd.; 5-cylinder sets developing 
346 b. hp> at 300 r. p. m.; vertical 4-stroke cold- 
starting Diesel engine with patent spring- 
injection systems for fuel admission; cooling 
water system and auxiliary plant; electrlcS 
system. 


SLATER, MO. High Cost of Smoke and 
Cinders Out by Slater, Mo., Diesels, R. R. 
Howard. Diesel Power, vol. 8, no. 12, Dec. 
1930, pp. 618-620, 3 figs. Plan^ equipped with 
five totalling 1500 hp., each commete with 
engine, alternator, exciter, and switchboard 
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panel with voltmeter, ammeters, indicating FndiriAArftid 
kilowatt met^ and totalizing kilowatt-hour xS/HgineerUlg 


WEST VIRGINIA. Diesel Plant Generates 
Power for Price Hill, J. H. Edwards. Coal Age, 
vol. 35, no. 11, Nov. 1930, pp. 664 and 664, 5 
flss* on 654. Largest Diesel installation in 
United States erected to furnish power ex- 
c^isiyely for co«a mining, in Raleigh County, 
W. va.; four 360-hp. vertical engines, each 
direct-connected to 300-kva. 2400-volt genera¬ 
tor, all in building 40 by 60 ft. 

Electric Drive 


CARGO HANDLING. Alternating Current 
Gaining for Materials Handling Drives, J. W. 
Speer. Mails, Handling and Distribution, vol. 
6, no. 4, Jan. 1931, pp. 53-54, 3 figs. Disad¬ 
vantages of induction motor; application of a.c. 
types especially to ore-handling equipment. 


IRON AND STEEL PLANTS. Electrical 

Industry 

foikl930, D. W. Dean. Rolling MillJL, vol. 4, 
no. 12, Dec. 1930. pp. 651-666, 6 figs. Dis¬ 
cussion of extensive application of electrical 
c<^pm 0 nt to rolling-mill drives, their auxil- 
i^es and related steel-mill equipment; total 
horsepower applied to main drive motors for 
year ending December 1, 1930 was 161.640 as 
compared with 139,350 for preceding year. 


Electric Equipment 

DESIGN. Electric Meld Records Notable* 
Progress. Power, vol. 73, no. 1, Jan. 0, 1931, 
pp. 27-29, 6 figs. Tm’bine-driven 200,000-lr^. 
generators to operate at 1800 r. p. m.; first 
hy^ogen-cooled generator goes Into operation: 
field for outdoor type of machines widened; 
mercury-arc rectifier applications increase rap¬ 
idly now system of motor control. 

FLASHOVER. The Influence of Altitude 
Upon the Mashover and Sparkover Character¬ 
istics of El^tiical Equipment, S. Wliltehead 
and W. D. Owen. World Power (Lond,), vol. 
14, no. 83, Nov. 1930, pp. 404-414, 21 figs, 
partly on supp. plates. General nature of 
dependence or sparkover voltages upon air 
density; general principles, together with 
formulas for simple cases; It is shown that, for 
small changes, discharge voltage is roughly 
proportional to air density; effect of altitude on 
air density;, dlileront theoretical treatments are 
discussed and formulas for effect developed; 
these are criticized, and moat appropriate 
methods of attacking problem are indicated. 

SELF-SYNGHRONIZINO. The VersatiUty 
of Application of Selsyn Equipment. R, A. 
Corby. Gen, Elec. Rev., vol. 33, no. 12, Dec. 
1930, pp. 700-711.13 ^8. Typical installations 
of indicators and control devices list showing 
some of uses to which Selsyn apparatus has been 
adapted with decided advantage; as remove 
control devices and as remote Indicators, 

TESTING. The Testing of Protective Gear, 
W. Wilson, World Power, vol. 15, no. 86, 
Jan. 1931, pp. 17-22, 0 figs. Principles ana 
methods that are made use of in various testing 
operations to which apparatus is subjected. 


HUMAN ASPECTS. Engineering Encoun¬ 
ters Human Nature, E. D. Smith. Mech. Eng., 
vol. 53, no. 1, Jan. 1931, pp. 1-4. Engineer, in 
launching new technological processes in old 
world, is not merely putting new wine into old 
bottles; he is putting high voltage into old 
wiring; it is important part of task of engineer¬ 
ing to see tliat wiring is made adequate to new 
load; social responsibility incurred by engineer; 
effect of Introduction of automatic loom In two 
cases; when technological developments pass 
from ideas to realities, engineering encounters 
human nature; engineer's responsibility for 
adapting mechanism to man. 


Furnaces 

ENAMELING. Welded Furnaces Meet all 
Requirements. Welding Engr., vol. 15. no. 12, 
Dec. 1930, pp. 33-36. 12 figs. Application of 
welding In electric furnaces and conveyors of 
wtreous-enamellng plant of Edison General 
Electric Appliance Co., manufacturers of “hot- 
polnf electric appliances, Chicago, Ill.; data on 
operation and temperatiu’es. 

HEAT TREATING. The Use of Electricity 
in the Heat Treatment and Welding of Metals, 
A. N. Otis and W. L. Warner. Mill and 
Factorff lUustraled, vol. 6, no. 1, Jan. 1930, pp, 
48-50, and 92, 9 figs. Features of electrlcaUy- 
heated water-sealed furnaces of Kenworthy type 
widely used for bright annealing copper wire and 
similai’ products. 

HIGH FREOUENCY. High Frequency 
Induction Heating, H, Smethurst, Jr. Insln. 
Engrs.—Jl, vol. 41, part 3, Dec. 1930, pp. 113- 
130, 9 figs. History of development; compari¬ 
son of types. 

INDUCTION. Tonnage Melting by Ooreless 
Induction, E. F. Northrup. Iron Age, vol. 127, 
no. 3, Jan. 16,1931, pp. 228-233,7 figs. Operat¬ 
ing principles and application of high-frequency 
induction furnaces including data on power 
requirements, size of furnaces and refractory 
materials. 


Fuses 

TESTING. The Detection of Transient 
Arcs in Metal-Olad Fusible Cutouts, P. D. 
Morgan and H. W. Baxter. Insin, Elec. Engrs. 
— Jl. (Lond.), vol. 09, no. 408, Dec. 1930, pp, 
95-09, 8 figs. Directions for employment of 
neon lamp as substitute for oscillograph in 
detection of transient low-curront arcs between 
case and poles of metal-clad fusible cut-outs 
operating under short-circuit conditions. Bib¬ 
liography. 

Generators 

DESIGN. Impulse-Short Circuit Generators 
(Stosskurzschlussgeneratoren), F. Nlethauuner. 
Elektrotechnik una Maschinenbau {Vienna), vol. 
48, no. 40, Dec. 7, 1930, pp. 1077-1083. For 
practical testing of high capacity electric circuit 
breakers with actual ihort-drcuit capacities, so- 
caUed impulse short circuit generators are used 
in test stands; fundamentals of design of such 
generator are given. 


Elevators 

CONTROL. Electric Levelling Gear for 
Lifts. Engineerirw (Land.), vol. 180, no. 3387, 
Dec. 12,1930. pp. 742-743,6 figs. Arrangement 
devised and patented by M. D. Scott, of 
Marryat and Scott, London, known as Lev- 
electric, employs two motors, smaller being 
mounted above larger to economize floor space. 

ELECTRIC. Hlgber Oar Speeds Proposed 
for El vators. Power, vol. 73, no. 1, Jan. 6. 
1931, pp. 30-31, 2 figs. Developments nearing 
accomplishment are car speeds of 1200 ft. per 
min., double-deck cars serving two floors at a 
time and local and express cars m same hoistway. 

Modem Lifts, L. S. Atkinson. Elec. Times, 
vol. 79, no. 2045, Jan. 1, 1931, pp. 5-8, 3 figs. 
Recent developments and latest types in use. 


Increase in Use Of Single Element Generators 
Shown by Survey. Power Plant Eng., vol. 34. 
no. 24, Dec. 16, 1930, pp. 1418-1422, 2 figs. 

M of generating equipment installed in 
j)al power plants of country indicates 
tendency toward use of large single-element 
generators rather than double or triple-shaft 
design inaugurated several years ago; largest 
single-element machine in use is 160,000 kva. 
machine in East River station; table illustrating 
electric-generator practise in 25 power plants. 

EXCITATION. Excitation of Generators 
(Bektachtiglng van Generatoren), M. van der 
Teen. PoJyiechnisch Weekblad (Amsterdam), 
vol. 24, no. 50, Dec. XI, 1030, pp. 851-853, 6 
figs. Mathematical analysis by which attempt 
is made to show along theoretical lines that 
assumption that magnetizing characteristic of 
automatically regulated generator should be 
linear saturation curve, must be incorrect. 


Electric Lines 

AERIAL SURVEYING. Aerial aurvey for 
Transmission Line Location, F. G. Dana. Civil 
Eng. (N. Y,). vol. 1, no. 4, Jan, 1931, pp. 249- 
252, 7 figs. Aerial methods adopted on Bagnell 
transmission-liiie location; use of stereoscope for 
binocultu* study of overlapping photographs: 
standard flying equipment used: ground field 
work; comparison of costs of aerial surveys with 
direct contact prints and with enlarged prints 
and ground controls. 

PROTECTION. Selective Protection of 
Two PaoraUel Feeders with Small Resistance, 
L. A. Lentin. Electritchesfvo, no. 20, Oct. 1930, 
pp. 804^807. 5 figs. Problem of selective pro¬ 
tection of tw<r parallel feeders fed on. both rides 
by parallel working power stations is analyzed. 


SYNCHRONOUS. Permissible Errors In 
Synchronlziug Generators, H. S. Baker. Elec. 
News, vol. 40, no. 1, Jan. 1, 1931, pp. 36-36. 
Analysis of two common errors, i. e. number of 
electrical degrees of phase difference between 
genei'ator and bxis at instant of breaker closure; 
and difference in speeds of generator and bus, 

WATERWHEEL. Niagara’s Latest Unit. 
Elec. News (Toronto), vol. 39, no. 24, Dec. 15, 
1930, pp. 65-66,2 figs. Power plant was finally 
completed with installation of tenth 58,000 hp. 
waterwheel-driven generator at Queenston gen¬ 
erating station of Hydroelectric Power Ciom- 
mission of Ontario; unit has generator rating of 
56,000 kv.a., 12 kv.. 80 per cent p. f., 26-cycle, 
187.5 r. p, m., while nydraulic turbine is rated at 
68,000 Im- at 294 ft, head; total installed genera¬ 
tor capacity of this station is now 497,000 kv.a.; 
enclosed air cooling is applied. 


Illumination 

INTERNATIONAL CONGRESS. Inter- 

national Illumination Congress, 1931. Engi¬ 
neer (Lond.), vol. 150. no. 3909, Dec. 12, 1930, 
p. 646. Congress being arranged by National 
Xllumination Committee of Great Britain, in 
cooperation with Illuminating Engineering 
Society; Mrill be held imder auspices of Inter¬ 
national Commission on Illumination, and will 
take place during September of 1931. 

Insulating Materials 

PAPER. Paper in the Electrical Industry. 
W. H. Anderson. Paper Mill, vol. 7, no. 52. 
Dec. 27. 1930, pp. 11-12, and 14, Uses and 
application of paper in manufacturing electric 
equipment discussed under headings: condenser 
paper, wire wrapping paper, paper for laminated 
phenotic products, mica wrappers, condenser 
brushing paper, pressboard or fiillerboard. 
Paper presented before Tech. Assn. Pulp and 
Paper Industry, Dec. 9,1930. 

TEXTILES. Treated Fabrics, A. R, Dunton 
and A. W. Muir. Elecn. (Lond,), vol. 105, no. 
2741, Dec. 12, 1930, pp. 744-747, 8 figs. Notes 
on their use for Insulating piu'poses; varnished 
fabrics and tapes. 

Insulators 

DESIGN. Designing Insulators to Combat 
Fog, S. M. Jones. Elec. World, voi. 96, no. 26, 
Dec. 20, 1930, pp. 1139-1142, 6 figs. Deposits 
are primary cause and fog itself only secondary 
cause of breakdown; surface leakage resistance is 
real criterion of performance; suspenrion string 
length factor; computing siurface leakage resis¬ 
tance; adapting pin design to suspension use. 

Lamps 

LIFE. Life of Vacuum and Gas Filled 
Wendel Lamps and Causes of their Burning Out 
(Ueber die Lebonsdauer der luftloeren und 
gasgefuellton Wendollanipen imd die Ursachen 
mres Durchbrennens), F. Koref and H. O. 
Plant. Zeil. fuer 2'echnische Pliysik (Berlin), 
vol. 11, no. 12, 1930, pp. 515-521,1 fig. Energy 
consumption ai'e calculated and relation of these 
to life of lamps are analyzed. 

NEON. Neon Lamps (Sullo lampade 
neon), N. Carrara. Naovo Cimenio (Romo), 
vol. 7, no, 8, Aug.-Sept.-Oct. 1031), pp. 818-325, 
10 figs, partly on supp. plate. Experiments 
study of photoelectric sonritlvoness of com¬ 
mercial noon lamps manufactured by Philips, 
Osram etc. 

Lighting 

AIRPORT. The Application of illuminating 
Engineering Principals to Landing Field Flood¬ 
lighting, L. C. Simpson. Airports, vol. 6. no. 1, 
Jan. 1931, pp. 12-13 and 30, 8 figs. Funda¬ 
mental considerations of satisfactory landing 
field floodlighting are illustrated by sketches. 

New Styles in Lights, H. O. Ritchie. West. 
Flying, vol. 8, no. 0, Dec. 1930, pp. 69-61, 6 figs. 
Use and operation of various types of lighting 
equipment, including beacon, floodlights, bound¬ 
ary lights, etc.; data on pow r consumption 
and locating. 

MACHINE SHOPS. Lighting tho^uchine 
Shop, M. Warren. Modern Machine Shop, vol. 
3, no. 7. Doc. 1930, pp. 11-14, 16, 18 and 48, 
7 figs. Investigation of plants of various com¬ 
panies show effect of proper lighting on effi¬ 
ciency; graph Illustrates relation between voltage 
and light intensity. 

Loud Speakers 

PROGRAM SERVICE. Latest in Amp)!- 
fiers and Loudspeakers, W H. Hutter. I'olor 
phony, vol. 99, no. 26, Dec. 20, 1930, pp. 20-22. 
New developments in program service amplifiers 
and loudspeakers; origin of ampliflers and evo¬ 
lution with radio sets. Address read before 
U. S. Independent Telephone Assn. 


Measuring Instruments 

ELECTRIC. Switchboard Instruments. 
Power Plant Eng., vol. 36, no. 1, Jan. 1, 1931. 
pp. 39-40. Instruments for measurement of 
voltage, current, power, etc.; instruments for 
various types of panels; alternating current 
generator circuits. 

Motors 

PROTECTION. Modern Methods of En¬ 
closing Electric Motors, P. W. Arnold. Mill 
and Factory Industrial ^yo\. 8, no. 1, Jan. 1931, 
pp. 53-55, 13 figs. Problem which arise in 
protecting motors; most common enclosures: 
recent developments in enclosing motors. 
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Built-In Motor Protection, G. R. Anderson. 
Indus. Eng., vol. 88, no. 12, Dec. 1930, pp. 
605-607, 4 figs. Providing protection for in¬ 
closed ventilated types. (Continuation of 
serial.) 

RAILROAD. Improvements on Street Oar 
Motors and their Suspension (Perfoctionnements 
apportcs anx Motem’s de Tramways et a leur 
suspension), Castaing. Industrie des Votes 
Ferrees et des Transports Automobiles {Paris), 
vol. 24,*no. 287, Nov. 1930, pp. 310-342, 28 figs. 
Notes with respect to cnrrent; supply voltage: 
operating conditions, mo.dern developments as 
to magnetic and electric characteristics, me¬ 
chanical improvements and systems of Instal¬ 
lation. 


Elec. Enqrs.—Advance Paper, 1930, 25 pp., 
37 figs. Paper divides advancers into “expedor” 
advancers in which voltage is proportional to 
secondary cniTent, and “susceptor” advancers 
in wliich It is proportional to secondary voltage; 
complete theory of expedor advancer is worked 
out from equivalent circuit, and test results are 
compared with what might be expected from 
theory; comparison of advancers of different 
phase angles under different conditions is made 
to determine which is best for given purpose; 
equivalent circuit of susceptor advancer is 
given and from it complete theory is worked out. 

Piezoelectric Quartz 


SPEED REGULATION. The Rossman 
System of Speed Control for Alternating-Cur¬ 
rent Motors. Engineering (Lond.), vol. 130, 
no. 3385, Nov. 28, 1930, pp. 694-695, 7 figs. 
Method is being used in number of American 
power stations, more particularly for driving 
forced-draft and induced-draft fans, though it 
is also applicable to feed pumps and other 
variable-speed equipment; driving unit consists 
of constant-speed a.c. motor of either syn¬ 
chronous or induction types, and variable-speed 
shunt-womid d.c. motor of much smaller output. 


Networks 


CALCULATION BOARDS. Representation 
of Generators on an A. C. Calculating Board, 
W. W. Parker. Elec. JL, vol. 27, no. 12, Dec. 
1930, pp. 718-719, 4 figs. Means for representing 
synchronous machines; three-phase generator 
can bo represented by single-phase propor¬ 
tional to actual phasc-to-iieutral terminal or 
internal voltage; schematic diagram of regulator 
and phase shifter arrangement for producing 
power for a.c. calculating board; equipment is 
described. 


INTERCONNECTED. Synchronism Auto¬ 
matically Checked by Substations of Alabama 
Power Company, B. B. Henry and W. B. 
Morton. South. Power JL, vol. 48, no. 12, Dec. 
1930, pp. 63-65, 3 figs. Inunction of synchronism 
check scheme Is to check synchronism between 
two or more sources of power that are normally 
in continuous state of synchronism due to inter¬ 
connection at another station; six synchronism 
check schemes now in automatic operation; 
system installed at Montgomery primary sub¬ 
stations; operation under normal set-up; 
protective features. 


LIGHTNING. Development of Electric Dis¬ 
tribution Networks and Lightning Hazards (Le 
dSveloppement des reseaux de distribution 
d’energie Slectrique et les dangers do la foudre), 
A. Boutaric. Revue GBnSrale de V ElectricM 
(Paris), vol. 28, no. 22, Nov. 1930, pp. 865-872, 
2 figs. Possible influence of overhead network 
systems on bringing about of electric lightning 
storms and danger of lightning for individuals 
and objects near line is analysed. 


Investigation by Means 
of Cathode Ray Oscillograph of Excess Voltages 
caused by Short-Circuit in 8 kilo-volt Distribu¬ 
tion Network (CTntersuchimgen mittels Katho- 
denstrahl-Oszillograph der durcli Erdschluss 
hervorgerufenen Ueberspannmigen in eiiiem 8 
k V-yertoilnetz), K. Berger. Schweiz. Elek- 
trqtechmscher Verein (Assn. Suisse des Elec-- 
inciens) — Bui. (Zurich), vol. 21, no. 23, Dec. 7, 
1930, pp. 756-788, 47 figs. Magnitude and 
development of excess voltage dependent on 
location of short circuit; action of obsolete 
protective equipment and behavior of induction 
regulator and current transformers are analyzed; 
deductions are made with respect to insulators. 

PLANNING. A Master Plan for Sound 
Growth in System Expansion. Elec. News, 
yoL 40, no. 1, Jan. 1, 1931, pp. 31-32 and 34. 
Through coordination and planning it is possible 
for mod(WL'n light and power system to get most 
effective and economical use of money, men and 
equipment needed; it is possible to operate and 
build utility in terms of economic facts and 
business principles whereby waste is eliminated 
and maximum values are had from current 
mvestments. 


Oscillographs 


CATHODE-RAY. The Position of Cathode 
Ray Instruments in the Field of Oscillography, 
O. Ackerman. Instruments, vol. 3, no. 12, Dec. 
1930, pp. 776-777. Proper field of cathode-ray 
mstruments starts where limitations of movlng- 
coil instruments are reached, i. e., ^‘n recording 
of frequency phenomena over 5000 cycles per 
sec.; in study of single phenomena (occurring at 
random) where phenomenon itself must start 
process of recording with less than l/50th of 
sec.; m measuring voltages with negligible loss 
of power (electrostatic methods); in direct 
recording of relations where abscissa is electrical 
quantity; in cases where good visibility of 
registrations of instrument is required. 

Phase Advancers 

The Theory and Performance of Phase 
Advancers, J. J. Rudra and M. Walker. Instn. 


summary ot Piezo-Electric Crystal Confer¬ 
ence Held by U. S. Navy Department, Decem¬ 
ber 3-4, 1929. Inst. Radio Engrs. — Proc., 

vol. 18. no. 12, Dec. 1930. pp. 2128-2135, 3 figs. 
For purpose of bringing about uniform under- 
standmg among conferees, representatives of 
Naval Research Laboratory offered for dis¬ 
cussion; resume of crystallography and piezo¬ 
electricity of quartz; description of methods of 
cutting and testing quartz used at Naval 
Research Laboratory; account of experience and 
practices of laboratory relative to two principal 
cuts” used in art. 


rower Industry 

Congress of the International Association of 
Producers and Distributors of Electric Power in 
Brussels, September 1930 (Congres de Bruxelles 
de 1 Union Internationale des Producteurs et 
Distributees d’Energio electrique (Septembre 
1930). Revue Generate de Eleclricit^ (Paris), 
yol. 28, no. 23, Dec. 6, 1930, pp, 885-894. 
Groimdmg of neutral in high and low tension 
networks; parallel operation of generating 
stations; joint operation of high tension lines and 
telephone communication lines. 


EMPLOYEES TRAINING. Possible Exec¬ 
utives in the Making, J, R. Martin. Elec. 
Light and Power, vol. 8, no, 12, Dec. 1930, pp. 
40-43, 1 fig. President’s Training Ooese ni 
Management as originated by Britton I. Budd, 
president^ of Public Service Co. of Northern 
Illinois, is described; company operates in 
territory approximating 6000 sq. mi. surround- 
mg Cmcago, and serves some 318 communities, 
principally with electricity and gas; approxi¬ 
mately 5000 men and women are employed; 
reasons for^ selecting number of employes to 
participate in course in management, and princi¬ 
ples and policies governing its administration 
are set forth. 


Power Supply 

RURAL. Farm-Service—^What of the Fu¬ 
ture, K. R. Macldnnon. Elec. World, vol. 95, 
Mar. 29, 1930, pp. 657-660, 2 figs. Central- 
station industry has not evolved coherent and 
workable policy of national scope for farm 
service extensions; author cites practices and 
policies of Nebraska Power company but not 
necessarily because these are thought to be 
answer to national problem. 


Radio 


AERIAL TRANSPORTATION. Wireless 
Direction Finding, O. B. Carr. Aircraft Eng. 
^ond.), vol. 2, no. 22, Dec. 1930, pp. 305-307. 
Relative merits of various directional-trans¬ 
mission and reception systems for purpose of 
assisting air operating company in selection of 
proper equipment; principles of equl-signal and 
rotating beacon; Marconi-Bellini-Tosi system; 
Marconi-Adcock system; Marconi-Robinson 
system. 


The Development of Visual Type of Radio 
Range Transmitter Having A Universal Appli¬ 
cation to the Airways, W. E. Jackson and 
S. L. Bailey. Inst. Radio Engrs. — Proc., vol. 
18, no. 12, Dec. 1930, pp. 2059-2101, 35 figs. 
Visual type of radio range which has universal 
application to civil airways of United States; 
relative^ merits of aural and visual systems of 
course indication, theory of production of 12 
courses by utilizing three-phase radio-frequency 
source is presented; general description of trans¬ 
mitter; necessary requisites of goniometer 
design; performance curves of final goniometer 
Illustrate effect of these factors on results. 

Aircraft Radio Telephone Successful, R. 
Johnson. Telephony, vol. 99, no. 26, Dec. 27, 
1930, pp. 31-32, 2 figs. Demonstration by Air 
Transport Co. proves that plane-ground voice 
communications are not only practicable, but 
successful; discussion of other developments in 
air transport communication in 193(). 


AIRPLANES. System of Guiding Airplanes 
(Sur uu proeSdg de guidage des avions), Biolt. 
Onde Electrique (Paris), vol. 9, no. 103, Nov. 
1930, pp. 520-526, 1 fig. System allows for 
exact location of plane when traveled traject 
is known; to this end interference zone is created 
between 2 synchronous emissions and meter 
installed on receiver of airplane which records 


number of successive maxima and minima; from 
this, coui-SG traveled is deduced. 

AMPLIFIERS. An Amplifier for Measuring 
Small Currents, R. D. Bennett. Rev Sci 
Instruments, vol. 1, no. 8, Aug. 1930, pp. 466- 
470, 5 figs. Amplifier is described which uses 
lour-electrode tube of ordinary type, and gives 
maximum current sensitivities of order of 10 to 
18 type, and gives maximum current sensitivities 
of order of 10 to minus 18 power amperes; novel 
feature consists in using as grid leak positive ion 
emission of filament. 

DESIGN. ^ Effect of Output Load upon 
Frequency Distortion In Resistance Amplifiers, 
M. A. Thomas. Experimental Wireless, vol. S, 
no. 88, Jan. 1931, pp, 11-17, 11 figs. Simple 
mathematical ^ analysis pertaining to loud¬ 
speaker load, input impedance of power-tubes 
stage, anode circuit impedance of stage 2, 
amplmcation of stage 2, input impedance of 
stage 2, anode circuit impedance of stage 1, 
amplmcation of stage 1, overall amplification; 
experimental results; results obtained; case of 3 
stages of low amplification factor tubes; 
amplification curves. 

CONDENSERS. A Variablo-Oapacitance 
Cylindrical Condenser for Precision Measure- 
me^s, and a Wavometer for Short Wavelengths, 
E. B. MoLillin. Instn. Elec. Engrs.—Advance 
Paper received Nov. 13, 1930, 12 pp., 19 figs. 
Cylindrical condenser which has been developed 
for precision measurements at very high radio 
frequencies; one cylinder is always totally 
enclosed by other and capacitance is varied by 
altering distance between axes of cylinders; 
paper also includes tentative design for short 
range short wave absorption wavemoter in 
which same principles of construction are used. 

FREQUENCY MEASUREMENT. A New 
Method of Measurement of Resistance and 
Reactance at Radio Frequencies, F. M. Cole- 
took and R. M. Wilmotte. Instn. Elec. 
Engrs.—Advance Paper received Nov. 29, 1930, 
10 pp., 9 figs. Method of measuring radio fre¬ 
quency resistance of coils is described; it depends 
on change in reactance of tube controlled oscillat¬ 
ing circuit when it is coupled to circuit under 
investigation, and does not require any measure¬ 
ment of current or voltage; practical details of 
worldng of method and construction of necessary 
apparatus are given. 

GENERATORS. Power Equipment for Air¬ 
craft Radio Transmitters, J. D. Miner. Inst. 
Radio Engrs. — Proc., vol. 19, no. 1, Jan. 1931, 
pp. 59-77. Systems of power equipment now 
used or contemplated for supplying power to 
aircraft radio transmitters; various types of 
power equipment are described and advantages 
and disadvantages of each type are discussed. 

Power for Aircraft Radio, F. O, Doughman. 
vol. 27. no. 12, Dec. 1930. pp. 701- 
704, 10 figs. Generators used to supply power 
for aircraft radio can be driven in wide variety 
of ways, depending upon size of plane, service 
for which it is designed, and amount of power 
required; alternator of inductor type can be 
combined with d.c. motor to make highly effi¬ 
cient battery driven aircraft unit; oldest and 
best known type of aircraft power equipment is 
storage battery driven d.c. dynamotor; con- 
starR-speed propeller has made possible use of 
wind-driven alternator; equipment is illustrated. 

Railroads 

ELECTRIC. The Contribution of Modern 
Electrical Eqmpment to Transportation. H. L. 
Andrews. N. Y. Railroad Club—Proc., vol. 41, 
no. 1, Nov. 1930, pp. 9369-9399, 26 figs, and 


systems. 


transportation 


SIGNALS AND SIGNALING. Pennsyl- 
yama Installs Centralized Control on 30 3 
Miles of Single Track. Ry. Signaling, vol. 23, 
no. 12, Dec. 1930, pp. 434-436, 4 figs. Pennsyl- 
yama has completed installation of centralized 
traffic control between Ben Davis, Ind., and 
Almeda, which is portion of main line between 
Indianapolis, Ind., and St. Louis. Mo,; charac- 
teristics. of line and traffic; 12 min. saved on 
each freight train stop; second tracking deferred; 
first mstallation of Union three-wire coded 
system. 

Remotely-Controlled Interlocking Reduces 
Operating Costs, R. L. Davis. Ry. Signaling, 
yoL 23, no., 12, Dec. 1930, pp. 429-430, and 433, 
4 figs. Michigan Central replaces mechanical 
plant at crossing of Michigan Central and 
Grand Trunk Western at Rochester Jet., Mich.; 
annual saving of $5000 in operating expenses. 

Rectifiers 

HARMONICS. The Calculation of Har- 
momes in Rectified Currents, E. L. E. Wheat- 
croft. Ijjstn. Elec. Engrs. — Jl. (Londf), vol. 
69, no. 408, Dec. 1930, pp. lOG-108, 9 figs. 
New mathematical method is piopo«<ed which 
treats rectifier characteristic as continuous 
curve; method of reducing equations to tractable 
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form, for solution by successive approximations, 
using algebra of plane vectors; ft is shown by 
means of numerical example how approxima- 
tions converge on true value deduced by classical 
method. 

MERCURY ARC* Mercury Arc Rectifier 
Equipment for the M Ibourne Tramways. 
Engineer {Land,), vol. 150, no. 3909, Dec. 12, 
1930, pp. 665-656, 5 figs. Largest equipment 
sent to Australia for Melboumo street railroad 
has capacity of 500 kw.. and is designed to 
operate on 6600-volt, three-phase system and 
to feed into 600-volt d.c. two-wire system, 
plant being arranged for fully automatic control; 
sub-station is brought into operation by means 
of voltage r lay and/or time switch, and is shut 
down by means of low-current relay or time 
switch. 


Relays 

A Thermal Overload Relay, A. E. Capon. 
Elec. JL, vol. 27, no. 12, Dec. 1930, pp. 708- 
700, 4 figs. Belay diiters from other thermally 
opefated relays in that heat storage is contained 
within heater element itself, without any exter¬ 
nal heat-storing agency; characteristic was 
obtained by using heater coil of comparatively 
large mass; to provide protection against 
Instantaneous overload, additional tripping de¬ 
vice is connected in series with heating ele¬ 
ment; operating characteristics with various 
stationary contact settings, is given in curves. 

Resonance 

ELECTRIC CIRCUITS. Theory of Two 
Coupled Oscillatory Circuits (Zur Theorie 
zwier gekoppelter Schwingungsicroiae, 1), V. 
Petrzilka. Elektrische NachlrieMen^Technik 
{Berlin), vol. 7, no. 8, Aug. 1930, pp. 317-324, 
6 figs. Method of calculation of resonance 
curves of two circuits from energy supplied to 
them. 


Switchboards 

REMOTE CONTROL. Miniature Remote 
Control Switchboards, L. J. Cissna. Elec. 
Jl„ vol. 27, no. 12, Dec. 1930, pp. 689-696, and 
717, 12 figs. Miniature remote-control switch¬ 
boards represent one of latest developments in 
switchgear apparatus; development; mounting 
of control omiipmont; auxiliary relays; remote 
metering; wiring; power supply; circuits and 
their operation; substation equipment; advan¬ 
tages. 

STEEL. Development of the Modern Steel 
Switchboard, E. Q. Bern and F. E. Jaquay. 
Elec, Light and Power, vol. 8, no. 12, Dec. 1930, 
pp. 54, 56 and 58, 7 figs. Development and 
comparison between older and modern equip¬ 
ment; varloxis examples of modern steel switch¬ 
boards are illustrated. 


Switchgear 

METAL G LAD. Metal-Clad Switchgear, 
B. O. Waltham. Elec. Light and Power, vol. 9, 
no. 1, Jon. 1931, pp. 35-37, 7 figs. Before any 
manufacturer in United States was ready to 
supply this typoaof apparatus. Public Service Co. 
imported commote distribution substation 
installation of BeyroUe 4-kv. metal-clad gear 
and placed equipment in service at Bellwood 
substation in 1926; experience resulted in 
development of number of features to adapt gear 
to American operating conditions which were 
incorporated in gear subsequently manufactured 
by AJlis-Ohidmers Co. under Beyrolle patents. 

Telephone 

RELAYS. Economics of the Application of 
Relays to Telephone Circuits, W. W. WeUs. 
Bell Laboratories Bsc., vol. 9. no. 6, Jan. 1931. 
pp. 224-228, 4 figs. TO design ideal relay for 
each particular condition would frequently 
reqiiire design of different relay for each appli¬ 
cation, and would ultimately result in manu¬ 
facture of excessive number of types; develop¬ 
ment of new relay structures, therefore, is not 
frequently advisable; economic application of 
eidsting relay structures; development of new 
windings and spring arrangements as required. 

Trackless Trolleys 

MAINTENANCE AND REPAIR. TroUey 
Buses Cost Less to Maintain than Petrol 
Buses, O. O. Silvers. Bus and Coach, vol. 3, 
no. 26, Jan. 1931, pp. 3-6, 5 figs. Merits of 
trac^ess trolleys as compared to motor bus; 
tables give data on costs per 100 seat miles; 
vehicle xnadntenance and repairs; cost of power 
and its distribution. 

Transformers 

GONNEGTIpN* Systems of Transformer 
Connection. Power Plant Eng,, vol. 85, no. 1, 
Jan. 1, 1931, pp*. 44-46, 38 figs. Internal and 


external connections for various voltage and 
current combinations. 

CONSTRUCTION. Recent Progress In 
Construction of Transformers of Great Power 
and Very High Voltage etc. (Becentl progressi 
nella costnmone del trasformatori di grande 
potenza ed altisslma tensione considerazioni 
generall d’impiego), B. CerreteUl. Elettroiecnica 
{Milan), vol. 17. nos. 28 and 29, Oct. 6, 1930. 

§ p. 638-646, and Oct. 15. pp. 661-672, 54 figs. 

reneral review of progress in design of construc¬ 
tion, including theoretical analysis of operation 
of very large transformers, with special reference 
to transformers of Cardano and Oislago stations, 
in northern Italy, of 25,000 to 36,000 kva. and 
220,000 volts; also description of 1,050,000-volt 
transformers built for Sodeta Pirelli. 

MAINTENANCE AND REPAIR. Periodic 
Care of Transformers Cuts Maintenance Costa, 
A. A. Fredericks. Power, vol. 71, no. 9, Mar. 4, 
1930, pp. 354-367, 5 figs. Faults that may 
develop in transformers and how to remedy 
them. 

MANUFACTURE. Fundamentals of Trans¬ 
former Construction. Power Plant Eng., vol, 36, 
no, 1, Jan. 1, 1931, pp. 42-44, 6 figs. Types of 
cores and windings, leads, casings, methods of 
mounting and cooling; pole type substation for 
small industrial installations. 

TRANSIENTS. Transient Currents in 
Transformers, H. M. Turner. Franklin Inst — 
JL, vll. 211, no. 1, Jan. 1931, pp. 1-36, 31 figs. 
Principles underlying phenomena of transient 
currents in tran^ormers, when connected to 
source of power, by stai-tlng with simple induc¬ 
tive circuits in permanent state and graduaJly 
leading up to more inyolved case of transformer 
la transient state; elements affecting transient 
current are considered individually; appendix 
describes transient visualizer and oscillograph 
assembly. 

Transmission Lines 

GROUND WIRE. The Neglected Ground 
Wire (Den miskjente Jordllne), w. R. Blumer. 
Eleklroieknisk Tidsskrifl (Oslo), vol. 43, no. 32, 
Nov. 16, 1930, pp. 439-444, 8 figs. Importance 
of equipping towers for electric high-tension 
lines with ground wires as protection against 
lightning; severaL inatances reviewed where lack 
of adequate grounding caused severe damage to 
towers; constructions of towers of wood and 
steel used in Germany and Sweden. 

LIGHTNING. Lightning Research in the 
Field and Laboratory, E. Bemc. Elec. Light and 
Power, vol, 9, no. 1, Jan. 1931, pp 69, 62 and 
64, 10 figs. Investigative program was carried 
out during summer of 1930; lightning records 
were made with automatic cathode, ray oscillo¬ 
graph of Noriuder type which is automatic 
within itself and begins to register instant^that 
applied surge voltage exceeds normal line 
voltage; oscillograms of typical waves measured. 

MAINTENANCE AND REPAIR. Live 
Line Tools for High Voltage Maintenance, W. 
Smith. Elec. LiglU and Power, vol. 8, no. 12, 
Dec, 1930, pp. 45-46, 48 and 60, 9 figs. New 
method of msddng repairs to high voltage lines 
was Introduced a few years ago which is rapidly 
coming into general use, maldng it possible to 
repair, or even rebuild completely, high voltage 
lines mthout taking them out of service; this Is 
done by use of so-called “live line tools," with 
them, work can be done during regular hours, 
time required being but slightly greater than 
with lino dead: equipment and its application is 
described. Paper read before Northwest Elec. 
Light and Power Assn. 

PROTECTION. Theory and Application of 
Relay Systems, P. H. Robinson and I. T, 
Monseth. Elec. Jl„ vol. 28. no. 1, Jan. 1931, 
pp. 48-61, 12 figs. Impedance relay is depen¬ 
dent for its operation on both excess current 
and low voltage; this feature is secured by 
addition of voltage rastrainlng coll to ordinary 
over-current relay element; transmission lines 
operated in parallel can best bo protected by 
use of selective differential current relay: 
selective-dlfferenticd relay. (Oontinuationi of 
serial.) 

RELAYS. Xnterstatlon Control Wires Avoid 
Cascade Relaying, 6. M. Babcock. Elec. 
World, vol. 95, Mar, 29, 1930. p. 646, 1 fig. 
Cascade relaymg in transmission-line system 
causes longest time delay at main switching 
station, where short-circuit current is greatest 
and should be cleared quickly to avoid serious 
disturbance on entire system; ideal relaying 
scheme is one which will work instantaneously 
with short circuit on lino with wbich it is identi¬ 
fied, but remain Inoperative with short circuit on 
any other part of system; Los Angeles Gas A 
Electric Corporation has operation relay scheme 
of thiscbaracter. 

WIND PRESSURE. Measurement of the 
Wind Pressures on Overhead Linas, R. H. 
Sherlock, Nat. Elec, Light Assn, — But, vol. 
18, no. 1, Jan. 1931, pp. 29-34,11 figs. Methods 
used to carry on experimental study of strength 
and loading of pole lines, and brim description 
of instruments which were developed for study 


of wind gusts; representative data arranged in 
form adopted for summarizing and interpreting 
results; no conclusions are presented. 

Vacuum Tubes 

AMPLIFICATION. Reduction of Distor- 
tlon and Cross-Talk in Radio R ceivers by 
Means of Variable-Mu Tetrodes, S. Ballantlne 
and H. A. Snow. Inst. Radio Engrs. — Proc.. 
vol. 18, no. 12, Dec. 1930, pp. 2102-2127,^8 figs. 
In attempting to control audio output of radio 
receiver employiug present types of tubes by 
varying control grid bias or scr en-grid voltage 
distortion, due to non-linearity of output-in¬ 
put voltage relation for tube, and cross-talk are 
encountered at higher signal voltages; two 
shielded tetrode tubes, designated as ^pes 550 
and 551, have been developed to reduce these 
effects. 

APPLICATIONS. Industrial Uses of Elec¬ 
tron Tubes. W. R. G. Baker, A. S. Fitzgerald 
and O. F. Whitney. Electronics, vol..2, no. 1, 
Jan. 1981, pp. 467-469, 8 figs. Principal objects 
which are aimed at In applying electron tubes 
to power control problems; circuits; notes on 
features of electron tubes; phase relation control; 
vacuum-tube control of thyratron; thyratron 
tuned relay; thyratron fiasher; methods of con¬ 
trolling output; a.c. output. 

Welding 

ARC. Facta Concerning A. O. and D. O. 
Welding, J. C. Holslag. Welding, vol. 1, no. 14, 
Dec. 1930, pp. 092-993. Favorabl and un¬ 
favorable characteristics of both processes; 
a.c. machine is 70 to 90 per cent efficient when 
considered as piece of electrical apparatus, 
whereas motor generators and resistance ap¬ 
paratus vary from 50 per cent efficiency electri¬ 
cally down to 5 per cent; first cost, iustallation 
and operation are all In favor of a.c. w Idlng. 

ATOMIC HYDROGEN. Welding with 
Atomic Hydrogen Process, S. Martin, Jr. 
Welding, vol. 1, no. 14, Dec. 1930 pp. 990-901, 
and 998, 6 figs. Proper method for welding 
steel castings, alloy steels, other metals and the, 
repair of dies: pertinent notes on hydrogen, 

AUTOMOBILE. Unusual Welding Jobs 
in Ford Fabrication. Am. Mach., vol. 73, no. 
15. Oct. 9, 1930. pp. 586-588. 5 figs. Method 
used In manufacture of blanks for differential 
ring gear, axles, radius rods, miiifiers. 

JOINTS. How Strong are Welded Joints in 
Tubular Members of Airplanes, H. L. Whitte- 
more and W. O. Bmeggeman. Iron Age, vol. 
126, no 26, Dec 25, 1930. pp. 102.5-1926. 
Paper previously Indexed from Am. Welding 
Soc.—^Jl., Sept. 1930. 

LOCOMOTIVE BOILERS. Welding Prac¬ 
tice on the Illinois Central System. Boiler 
Maker, vol. 30, no. 12, Dec. 1930, pp. 330-335, 
7 figs. Rules developed by Illinois Central for 
fusion welding of locomotive and stationary 
boilers; instructions for handling oyxgen and 
acetylene regulations. 

MACHINERY. Economies in Welding 
Machine Parts, J. H. Babcock. Welding Enar., 
vol. 16. no, 7. July 1930, p. 56. 12 figs. Wrided 
ch^dn guards, gears, wheels, 1 vers and ther 
parts imow large savings in cost over riveted 
construction or castings. 

MACHINES. Making Ste I Axle Housings 
by Arc Welding, J. M. Robinson. Macho. 
(N. Y.), vol. 37. no. 6, Jan. 1931, np. 329-330, 
3 figs. Method of Oakland Motor Oar Oo„ in 
producing lightweight rear-axle housings by 
joining steel stampings on automatic aro- 
welding machine; data on time requirements, 
tolerances and properties of weld. 

New Application of Arc Welding Machine in 
Street Railroad Practice (Eine Neuartige 
Verwendung der Liohtbogen-Schwoissmaschtne 
Im Straasenbahnbetrleb), O. Kranner Ver- 
kehrstechnik {Berlin), no. 33, Aug, 15, 1930, 
pp. 429-430, 2 figs. Possibility of application oT 
welding machine for measuring of r^ return 
joints, equmment of street railroads in Graz. 

RESEARCH. Practise in Welding Turns to 
Research. J. R. Griffith. Welding Engr., vol. 
15, no. 12, Dec. 1930, pp 29-31,1 fig.. Effect of 
operator’s skill on welds; investigation con¬ 
ducted at Oregon State OoUege on eccentricity 
of anifie connections; stress ffistribution of 
welded joint is little, if at all, better than for 
riveted Joint, Paper presented before Int. 
Acetylene Assn., Chicago, 111., Nov. 12-14,1930. 

STEEL BUILDINGS. Welding Applied to 
Two Buildings. Eng. News Bee., vol. 106, 
no. 24, Dec. 11, 1930, pp. 926-928, 6 jto. 
Symposium consisting ^of two articles: Xlsdml 
Structural Detail Developed for Large AB- 
Welded Building, J. G. Bitter; Contract and 
Work Procedure on a 14-Story Field-Wifided 
Building, W. F. Carson and F. P. McKibben; 
construction of ll-story central engineering 
laboratory building of Westlnghouse Electric 
and Manufacturing Co.; method of erecting six 
sections of DuPont office building in Wilming¬ 
ton, Del* 
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Chair ipen 

Executive. ^ 3 

Finance.. Stephens 

Meetings and Papers.A. B. Khowlton 

Publication. S. Gorsuch 

Coordination of Institute Activities 

H, P. Oharlesworth 

Board of Examiners.H. W, Drake 

Sections.Everet-t S, Lee 

Student Branches.W. H. Tlmbie 

Membership.Allen Johnson 

Headquarters.B. H. Tapscott 

- .. B-Meyer 

Public Policy.Bancroft Gherardl 

Standards.p*, X). Newbury 

Edison Medal.D. C. Jackson 

Lamme Medal.Charles P. Scott 

Code of Principles of Professional Conduct 


^ ^ F. B, Jewett 

Award of Institute Prizes.A. B. Knowlton 

Safety Codes.A. W. Berresford 

Engineering Profession....;.H. A. Kidder 

Columbia University Scholarships 

_ , ^ W. I. Slichter 

Popular Science Award.A. E. Knowlton 

Advisory Committee to ttie Museum of 
Science and Industry In the City of 
New York...j, p. Jackson 


Technical Committees and Chairmen 

Automatic Stations. F. Zogbaum 

Communication.G.‘A. Kositzky 

Education...Work 

Electrical Machinery.Philip L. Alger 

Electric Welding.... .P. P. Alexander 


Electrochemistry and Electrometallurgy 

P. H. Brace 

Blectrophyaics.O. E. Buckley 

General Power AppUcatlons.C. W. Drake 

I Instruments and Measurements.... E. J. Rutan 
Applications to Iron and Steel Production 

A. O. Cummins 

Production and Application of Light 

George S. Merrill 
Applications to Marine Work.. .R, A. Beekman 

Applications to Mining Work.Carl Lee 

Power Generation.p, A. Allner 

Power Transmission and Distribution 

P. H. Chase 

Protective Devices.Raymond Bailey 

Research.L. W. Chubb 

Transportation..Sidney Witblngton 

INSTITUTE REPRESENTATIVES 

Jns/t/ute IS represented on the following 
bodies^ the names of the representatives 
may be found in the January issue of 
ELECTRICAL ENGINEERING) 

Aeronautical Radio Research, Liaison Com¬ 
mittee on 

Alfred Noble Prize Committee, A. S. O. E. 
American Association for the Advan<Umeat f 
Science, Council 
American Bureau of Wading 
American Committee on Electrolysis 
American Engineering Council Assembly 
American Marine Standards Committee 
American Standards Association 
American Year Book, Advisory Board 
Charles A. Coffin Fellowship and Research Fund 
Committee 

Committee of Apparatus Makers and Users, 
National Research Council 
Committee on Elimination of Fatigue, Society 
of Industrial Engineers 

Committee on Heat Transmission, National 
Research Council 
The Engineering Foundation 
Engineering Societies Monographs Committee 
Hoover Medal Committee 
John Fritz Medal Board of Award 
Jolnt Committee on Welded Rail Joints 
Joint Conference Committee of Pour Founder 
Societies 

Library Board,United Engineering Trustees, Inc. 
National Fire Protection Association, Electrical 
Committee 

National Fire Waste Council 
National Research Council, Engtneerlug Division 
National Safety Coxmctt, Electrical Committee 
of A, S. S. E.—Engineering Section 
Radio Advisory Committee, Bureau of Standards 
United Engineering Trustees, Jnc. 

U. S. National Committee of the International 
Commission on IH ' UTnlTm.tiftTi 
U. S. National Committee of the International 
Electrotechnical Commission 
Washington Award, Commission of 


GEOGRAPHICAL DISTRICT EXECUTIVE COMMITTEES 


District 


Chairman (Vice-President. A. I. E. B.) 


Secretary (District Secretary) 


-, ' ' --- - - - . _■ OOUTeNUy; 

o. .. . M. 0., 

No. 4—Southern,Tr-t -jx w NewYork, N, Y. 

No. 5—Great Lakes.. i..T. N Lacy Mich Bell *TaI nn a -k J* S* MlUer, Jr„ Box 12, University, Va. 

S’ ' ' 4- a- Dewars. No. 8tat«Pr. Oo.. 16 8. 6th St.. MJimoapoll.. 

Minn. 
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GEOGRAPHICAL DISTRICT EXECUTIVE COMMlTTEE,S--^Conttnued 


District 


Chairman (Vice-President, A, I. E. E.) 


Secretary (District Secretary) 


No. 6—North Central.. .Herbert S. Evans, University of Colorado, Boulder, Colo. 

No. 7—Southwest.G. O. Shaad, University of Kansas. Lawrence, Kans. 

No, 8—Pacific, .0. E. Pleager, Pac. Tel. Sc Tel. Co.. 140 New Montgomery 

St., San Francisco, Calif. 

No. 9—^Northwest.H. V. Carpenter, State College of Washington, Pullman, 

Wash. 

No. 10—Canada.C. E. Sisson, Canadian Gen. Elec. Co.. 1026 Lansdowne 

Ave., Toronto, Ont. 


M. S. Coover, University of Col rado, Boulder, Colo. 
Robert W. Warner, University of Kansas, Lawrence, Kans. 

H. W. Hitchcock, 1060 Telephone Bldg., 740 South Olive St., 
Los Angeles, Calif. 

R. D. Sloan, State College of Washington, Pullman, Wash. 

W. L. Amos, Hydro»Elec. Pr. Com., 190 University Ave., 
Toronto, Ont. 


Note: Each District Executive Committee includes the chairmen and secretaries of all Sections within the District and the chairman of the District 
Committee on Student Activities. 


LOCAL SECTIONS OF THE INSTITUTE 


Name 

District 

Chairman 

Secretary 

Secretary’s Address 

Akron. 

....2.,.. 

.H. O. Palate.. 

,. .Alvin P. Regal._ 

. .Phila. Rubber Works Oo„ Akron, Ohio 

Atlanta... 


.H. O. Dhl.. 

.. .O. 0. Rae. 

. .Westingbouse E. Sc M. Oo., Atlanta, Ga. 

Baltimore. 

....2,... 

.W. B. Kouwenhoven.. J, Wells. 

. .Western Elec. Oo., 25 Broening Rd., Baltimore, Md. 

Birmingham. 


.... 

O, B. Charlton. 

. .Allied Engineers, Inc., Birmingham, Ala. 

Boston;... 

....1. 

_J. P. Kobrock. 

. .G. J. Orowdes.. 

.. Simplex Wire Sc Cable Oo.. Sidney St., Cambridge, Mass. 

Chicago;. 

....6_ 

_F. H, Lane. 

. .L. R. Mapes. 

. .Ill. Bell Tel. Co., 212 W. Washington St., Chicago, III. 

Olnctnnatl.. 

...,2. 

... .T. O. Reed. 

. .L. L. Bos^. 

. .Columbia Eng. Sc Mgt. Oorp., 314 West 4tb St., Cincinnati, Ohio 

Cleveland. 


_F. W, Braund. 

. .John M. Smith__ 

.. Nela Park, Cleveland. Ohio 

Columbus. 


.,. .O. D. Price. 

,.K. Y. Tang. 

. .Ohio State University, Columbus, Ohio 

Connecticut. 

....1.... 


. .R. dr. Warner. 

. .Yale Unlv,, 10 Hillhouse Ave., New Haven, Conn. 

Dallas. 


... .L. T. Blaisdell. 

. .G. A. Dyer. 

.. Southwestern Bell Tel. Oo., Dallas, Texas 

Denver. 


... .R. B. Bonney. 

. .N. R. Love. 

. .807 Tramway Bldg., Denver. Oolo. 

Detroit-Ann Arbor.. 


_LeRoy Brais^_ 

. ..T. J. Shoemaker_ 

. .Detroit Edison Co., 2000»2nd Ave., Detroit, Mich. 

Brie. 

_2. 

_G. R. McDonald... 

.. .G. I. LeBaron. 

.. General Elec. Co., Erie, Pa. 

FortWayn. 

..,.6. 

....W. J. Morrill. 

. .C. M. Summers_ 

. .General Elec. Oo., Fort Wayne, Ind. 

Houston.. 

....7. 

_0. D. Farman. 

. .Hezzle Clark. 

. .HumblePipe Line Oo., Drawer, 1761, Houston, Texas . 

Indianapolis-Laf. .. 

....6. 

_E. G, Ralston. 

. .O. E. Dutton. 

. .15 W. New York St., Room 222, Indianapolis, Ind, 

Iowa. 

-6_ 

.... J. K. McNeely. 

. .H. B. Hoffhaus. 

. .Des Moines El. Lt. Oo., 312-6th Ave., Des Moines, Iowa 

Ithaca. 


.... W. C. Ballard, Jr..., 

. .W. B. Meserve. 

. .614 E. Buffalo St.. Ithaca, N. Y. 

Kansas City. 


.... J. S. Palmer. 

.. Richard M. Ryan... 

. .610 Dwight Bldg., Kansas City, Mo. 

Lehigh Valley. 

_2. 

_W. M. Harbaugh.,. 

.. J. H. Dlefonderfcr.. 

. .Penn. Pr. Sc Lt. Oo., Hazleton, Pa. 

Los Angeles. 

....8. 

_H. W. Hitchcock.., 

..Philip S. Bleglor ... 

. .3651 University Ave., Los Angeles, Oalif. 

Louisville. 


-James Clark, Jr.... 

..Philip P. Ash. 

. .L. Sc N. R. R. Bldg., 9th and Broadway Av .. Louisville. Ky. 

Lynn. 


_A. L. Ellis. 

.. W. K. Dickinson.... 

. .General Elec. Oo.. West Lynn Works, Lynn, Mass. 

Madison. 

_ 6.,., 

.L. C. Larson... 

. .G. F. Tracy.. 

. .Elec. Lab. Bldg., Univ. of Wisconsin. Madison. Wis. 

Memphis. 

_4. 

_M. Eldredge. 

,. W. A. Gentry___ 

. .Memphis Pr. Sc Lt. Co., Memphis, Tenn. 

Mexico. 


.B. E, Arias. 

, .L. Oastro, Jr. 

.. Departamento Electrlcidad y Telegrafos, Ferrocarriles Naclonales 





de Mexico, Mexico, D. F. 

Milwaukee. 


.... .F. A. Kartak. 

..1. L, Illing. 

. .Milwaukee BI. Ry Sc Lt. Oo., 380 Pub. Serv. Bldg., Milwaukee, Wis. 

Minnesota. 


... .D. K. Lewis. 

. .H. J. Pierce........ 

. .Northwestern Bell Tel. Co., Minneapolis, Minn. 

Nebraska. 


.,.. W. O. Jacobi. 

.. A. L. Turner. 

.. 1112 Telephone Bldg., Omaha, Nebraska 


New York... .3.J B. Bassett..O. R Jones... Westingbouse E. & M. Oo., 150 Broadway. New Yorlc, N. Y^ 

Niagara Pronti r.1.B. S Bundy.G. W. Bighmy,...General Elec. Oo., 1100 Elec. Bldg., Buffalo, N. Y. 

North Carolina.4.J. H. Paget.F. O. DeWeese.Carolina Pr. & Lt. Oo., Raleigh, N. O. - 

Oklahoma City.7.F. J. Meyer.O. B. Bathe.Oklahoma Gas & Elec. Oo., Oklahoma City, Okla. 

Philadelphia.2.D. H. Kelly.J. L. MacBumey.El. St. Bat. Oo., 1965 Hunting Park Ave., Phila., Pa. 

Pittsburgh.2.O. T. Sinclair.F. A. Connor.General Elec. Co., 1309 Oliver BJdg., Pittsburgh. Pa. 

Pittsfield.1.O. H. Kline.L. H. Burnham.General Electric Co., Pittsfield, Mass. 

Portland, Ore.9.A. H. ICreul... .0. W. Fide.General Electric Oo., Portland, Oregon 

Providence.1.J. W. Young.O, W. Brlden.Blaclcatono Valley G. &E. Oo., 231 Main St.. Pawtucket, R. I. 

Rochester.1.Harvey J. Kiiunb.F. O. Young.Stromberg-Oorlson Oo., 100 Carlson Rd., Rochester, N. Y. 

St. Louis...7.O. B. Fall.E. A. Forkner.Wagner Elec. Oorp., 6400 Plymouth Avo., St. Louis, Mo. 

San Antonio. .7.D. W. Flowers.E. Bissett...San Antonio P. S. Co., 201N. St.. Mary St., San Antonio, Texas 

San Francisco.8.P. B. Garrett.E. F. Maryatt.Pacific G. Sc E. Oo., 246 Market St., San JBVancisco, Calif. 

Saskatchewan.10.W. T; Himt.A. B. Coward.Light and Power Dept., Regina, Sask., Canada 

Schenectady.1.E, S. Hennlngsen.B, P, Nelson.D. 0, Eng, Dept. General Elec. Co., Schenectady, N. Y. 

Seattle....9.O. E, Carey...PhilipD. Jennings_5660 Stuart Bldg., SeattlOnWash. 

Sharon.....2.S. S. Cook....R. M. Field.Westinghouse E. Sc M. Oo., Sharon, Pa. 

Southern Virginia.4.J. H. Berry.Oedl Gray.Westingbouse E. & M. Oo., 912 El. Bldg., Richmond, Va. 

Spokane....9.Loren A. Traub.O. F. Norberg.Washington Water Pr. Oo., Spokane, Wash. 

Springfield, Mass.... 1.J. N. Alberti.........L. O. Packer.Westingbouse E. Sc M. Oo., Page Blvd., Springfield. Mass. 

Syracuse.• • • *.1.F. E. Verdin....Charles W.HendeP8on.604 University PI,, Syracuse, N. Y. 

Toledo...2.F. H. Dubs.Max Neuber.1267 Femwood Ave., Toledo, Ohio 

Toronto..10.D, A. McKenzie..... .G^ D.Floyd.Hydro El. Pr. Comm., 190 Unlv, Ave., Toronto, Ont. 

Urbana.6.O. E. Skroder.W, J, Putnam....123 Mat. Test. Lab. Unlv. of Illinois, Urbana, Ill. 

Utah.9. .L. B. Fuller.Paul Bauson.tftah Apex Mining Oo., Bingham Canyon, Utah 

Vancouver,.10. .H. Vlqkers.C. Amott.B. O. E. Ry. Oo., Ltd., 426 Oarrall St., Vancouver, B. O. 

Washington..... .2........ .George W^ Vlnal.. J. L. Carr.. .General Elec. Oo., 800-15th St., N. W., Washington. D. O. 

Worcester... .1.J. K. Oldham...R. P. Bullen.General Elec. Co., Worcester, Mass. 
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STUDENT BRANCHES OF THE INSTITUTE 


Name 


Locatdon 


Dlatcict 


Ohalrman 


Secretary 


Coimseior 

(Member of Faculty) 


Akron, Unlv. of. 

Alabama Poly. Inst. 

Alabam , Unlv. of. 

Arizona, Univ. of. 

Arkansas, Unlv. of.. 

Armottr Inst, of Tech. 

British Oolumbla. Unlv. of. 

Brooklyn, Poly, Inst, of... 

Bucknell Univ. 

Oalif. Inst, of Tech... 

Oaltf., Univ. of. 

Carnegie Inst, of Tech. 

Case Sch. of Ap, Science. 

Catholic Unlv. of America. 

Cincinnati, Univ. of. 

Clarkson College of Tech.... 

Olemson Agri. College... 

Colorado. State Agri. College. 

Colorado, University of. 

Cooper Union. 

Cornell University. 

Denver, Unlv, of. 

Detroit. Univ. of... 

Draxel Inst...'.... 

Duke Unlv. 

morlda, Univ. of. 

Georgia School of Tech.. 

Harvard University. 

I4aho, Unlv. of. 

Iowa State College.. 

Iowa, State Univ. of,... 

Kansas State College... 

Bjansas, Univ. of. 

Kantucky, Unlv. of. 

Ijalbyerte College. 

WiighUnlv. 

Lewis Inst.... 

Louisiana State Univ,.. 

Louisville. Unlv. of. 

Maine, Unlv. of..... 

Marquette Unlv... 

Massachusetts Inst, of Tech. 

MkiUgaa Ool. of Mining and Tech,., 

Michigan State College...... 

Mltibigan, Univ. f...... 

Mflwaukee, School of Bng. of. 

Minnesota, Unlv. of..... 

MIsBlsBlppi Agri. & Mech. Ool,...... 

Missouri School of Mines ^ Met..,, 

MIhoutI, Unlv. of..... 

Montana State College. 

Nebraska, Univ, of. 

Nevada, Unlv, of..... 

Newark College of Bng........ 

New Hampshire, Univ. of..... 

New Mexico, Univ. of.. 

New Tbrk, Oof, of the City of. 

New York Univ... 

North Carolina State College........ 

North Carolina, Unlv. of.... 

North Dakota Agri. College. 

North Dakota, Unlv. of... 

Northeastern Unlv.... 

Notre Dame, Unlv^ of.. 

Olilo Northern Univ. 

Ohio State Univ.. 

Ohio Unlv... 

Oklahoma Agri. A Mech. Ool. 

Oklahoma, Unlv. of.. 

Oregon state College... 

Pennsylvania Statb College. 

Phimaylvania; Univ. of. 

Pittsburgh, Univ, of.... 

Pkatt Inst.......... 

Princeton Univ^ .!. 

PurdueU^niy....1 ] 
Benaselaer Poly. Inst,., ] 

Bbode Island. State College.... 

Bose Poly, Inst.... 

Butgers Univ,;.. ^ 

^ta Clara, Univ. ^4 :/^. 4,., 


. .Akron, Ohio,,,..... 

. .Auburn, Ala.. 

. .University, Ala.. 

. .Tucson, Ariz. 

. .Fayetteville, Ark. 

. .Chicago, ru. 

. .Vancouver, B. C. 

. .Bpooldyn, N. Y. 

. .Lewisburg, Pa. 

. .Pasadena, Calif. 

. .Berkeley, Oalif. 

. .Pittsburgh,,Pa.. 

..Cleveland, Ohio. 

, .Washington, D. O.. 

. .Cincinnati, Ohio.. 

. .Potsdam. N. Y.. 

. .Olemaon College, S. O.. 

. .Ft. Collins, Colo.. 

. .Boulder, Colo. 

. .New York, N. Y. 

. .Ithaca, N. Y. 

. .Denver, Colo...... 

..Detroit, Michigan........ 

. .Philadelphia, Pa. 

, .Durham, N. C. 

.Gainesville, Fla. 

.Atlanta, Ga. 

. .Cambridge, Mass. 

.Moscow, Idaho. 

.Ames, Iowa. 

.Iowa City. Iowa... 

.Manhattan. Kansas. 

.Lawrence, Kansas. 

.Lexington, Ky. 

.Easton, Pa....... 

.Bethlehem, Pa... 

.Chicago, HI. 

.Baton Rouge, La. 

.Louisville, Ky. 

.Orono, Maine...... 

.Milwaukee, Wis. 

.Cambridge, Mass. 

.Houghton, Mich... 

.Bast Lansing, Mich. 

.Ann Arbor, Michigan. 

.Milwaukee, Wis..... 

. Minneapolis, Minn. 

«A, A. M. College, Miss......... 

.Bolla, Mo.. . 

.Columbia, Mo..... 

.Bozeman, Mont.... ^. 

. Lincoln, Nebraska... 

.Beno, Nevada..... 

.Newark, N. J.... 

.Durham, N, H.. 

.Albuquerque, New Mexico.. i... 

.New York, N.Y....... 

.Unlv. Heights, New York, N. Y.. 

.Baleigh, N.O.... 

.Chapel Hffl, N. O. 

.Fargo, N. D....... 

. Grand Forks, N. D.... 

.Boston, 17, Mass.. ...... 

.Notre Dame, Ind. 

.Ada, Ohio....... 

. Columbus, Ohio..... 

.Athens, Ohio...^, 

. Stillwater, Okla.'.. 

.Norman, Olda........ 1. 

Oorvsdlis, Oregon.. 

. State College, Pa........ 

iPhlladelphla. pa... 

Pittsburgh, Pa,......... 

Brooklyii, N, Y. 

Princeton, N. J... 

Lafayette, Ind,..........;. 

Troy, N. Y.,.... 

.S^gston, B.I..... 

Terre Haute, Indiana... 

New Brunswick, N. J..... 
Santa Olmra, Calif._____ 


.. 2 . 

..4. 

..4. 

.. 8 . 

..7. 

..5. 

. 10 . 

.. 8 . 

.. 2 . 

.. 8 .. 

.. 8 . 

.. 2 ., 

.. 2 ., 

.. 2 ., 

.. 2 ., 

.. 1 .. 

..4.. 

..a,. 

..6,, 

.. 8 .. 

.. 6 .. 

. 6 .. 

. 2 .. 

.4.. 

.4.. 

.4.. 

. 1 ,. 

. 9 .. 

. 6 .. 

.5.. 

.7.. 

.7.. 

.4., 

. 2 .. 


.Harmon Shively.H. H. Schroeder... 

.B. Mann. 

.Walter H. Croft.Harold B. Hendrix. 

.W. T. Brinton.Carl Ludy. 

.Ned S. Muse.B. Wylie Head.... 

.K. A. E[nittel.B. Squires. 

.M. A. Thomas.B. M. Kershaw.... 

. George Morton.F. Anderson. 

.0. B. Sterling.P. Hort. 

.A. W. Strong.J. B. Girard. 

.Harry O. Stanley.Louis Zable. 

.M. W. Smedberg.G. H. Ikola. 

.G. A. Sanow.. .Irwin J. Band. 


.. 6 .. 
. 4 .. 
..4., 
.. 1 .. 
. 5 .. 
. 1 ,. 
. 5 .. 
. 5 .. 
.5.. 
.. 5 .. 
. 6 .. 
,4.. 
,7.. 
, 7 .. 
. 9 .. 
. 6 .. 
, 8 .. 
. 3 .. 
. 1 .. 
. 7 .. 


.3... 
.4... 
.4... 
, 6 ... 
. 6 ... 
. 1 ... 
. 5 ... 
. 2 ... 
, 2 ... 
. 2 ... 
,7... 
.7... 
.9... 
. 2 ... 
. 2 ... 
. 2 .,, 
.3..; 
,2.., 
. 5 ... 
. 1 ... 
. 1 ... 
.5... 
. 3 -.. 
. 8 .... 


.. .F. F. Osterholtz.Henry Suter. 

.. .B, S. Whitaker.O. L, Brown.,..,. 

.. .0. B. Jarrard.G. A. Douglass.... 

,. .Henry Wamboldt.Elroy Schock. 

.. .B. Partington........John Buffo. 

.. .H. Grissler.A. B. Mundel..... 

.. .C. O. Dean.Wm. E. Brainard.. 

.. .Harry H. Ward.Fay Olmsted. 

... W, R. Moyers.L, F. Boss. 

.. .B. K. Oliver.G. B. Bowers. 

.. .L. B. Bansom........A. L. de Bmyne.. • 

,., O. V. Booth....B. Menendez. 

.. .B. L. Palmer.H. A. List. 

. •. J. H. Wright.... .P, B..Lincoln.,,... 

.. .F, Meneely.Clyde Ross. 

. .George A. Bstel.A. W. Ohewnlng... 

,. .J. Westley Oamplan. .D. A* Oozlne. 

. ,B. F, Peterson.H. E. Trekell.. 

.. J. Worner.F. Shiner.. 

.. 8. M. Worthington.. .B. G, Crosby, Jr.,., 

. .A, H. Edmondson... .H. H. Jones. 

. .P. W, Se^. .L. B. Wannw..,,,. 

.. .C* B. Frellsen.K. J. . 

.. Fred H. Feinn.B. A. Crain. 

. .John G. Lips.Wm. B. Bailey. 

. .Monroe B. Moon..... .Lincoln O. Sx>encer«. 

..David Becker.Edward Halback.... 

.. G. S. Brown.. Fred J. Blser. ...... 

. .A. G. Rogers.M. D. Crowell. 

..Robert Dearing,......J. J. Clark. 

«.A. D. Forbes.G, Mufliy. 

. .William P, Gainer... .H. F, Volkmmm..., 

. .Wesley D. Taylor.R, O. Cady. 

.. J. M. Leigh.J. T. Young.. 

.. J. D. Shelton.G. L. Leiaher. 

. .B. L. Young..B. Osadchey. 

. .Bruce Mull.Wm. McKay. 

. .PhilBhrenhard..,....Wm. M. Ely... 

. .Francis Headley.Eugene Tucker. 

.. Wm. R. ACkor.John G. WoeUdng... 

.. A. K. Whitcomb..... .Carl B, Evans...... 

, .O. B. Henderson.S. M. Pelatowskl.... 

.. O. Hackemeister.Howard Klein. 

,. G. J. Hells...M, Bogstahl 

. . B. O. Kirk.J. H. Mauney. 

. .G. D. Thompson.Charles Hayes. 

. .B. Stockstad.R. Carlson. 

. .B. J. Shields.Mark Sca*rff,.. 

: .A, K, Wright.........P. H. Townsend.... 

. .Earl Brieger.H. J. Perry. 

. .D, Pringle....H, L. Hartman. 

. .G. F. Leydorf........R. W. Steenrod... 

. .H. SwigiBUJt.H. Adcock. 

. .Paul H. Foster...Merle O. Brady. 

.. G. 3. Hammonds._William J. Fell. 

. .H. Glen Barnett.Gordon N, Smith,.. 

>«S. B. McKlbben. •... .B. L. Johnston...... 

. .Wm. D. Bruce.O. V. Castle. 

. .W. J. Howell.B. H. Kemahan...., 

.. J. B. Cook...J. A. Hoag.! 

.F. L. Thomson..Bmest B. George.... 

. .A. Simon.....0. B, Bruse. 

.0. B. Keeler.A. M. Lodde,......! 

, ;G. Z. Verroa....M. R, Lettieri. 

.Robert S. Boadi;... ,0. E. White. 

.F. T. Kent, Jr..B. O. Howell. 

.William Warren.L. W. Thorpe. 


... J. T. Walther 
W. W.Hill 
.. .F. R. Maxwell, Jr. 

... J. O. Clark 
.. .W. B. Stelzner 
.. .D.B. Richardson 
.. .B. G. Oullwick 
.. .Robin Beach 
... W. K. Rhodes 
... R. W. Sorensen 
.. .L. B. Beukema 
.. .G, Porter 
.. .H. B. Dates 

T. J. MacKavanagh 
... W. O. Osterbroric 
.. .A. R, Powers 
...S. B. Bhodes 
.. .F. L, Poole 
.. .W. C. DuVaU 
.. .A. J. B. Fairburn 
.. .B, M. Strong 
.. .B. B, N3rswander 
.. .H. O. Warner 
...B. O. Lange 
...W, J. Seeley 
.. .Joseph Weil 
... T, W, Fitzgerald 
... O. L. Dawes 
... J. H. Johnson 
... F. B. Johnson 
...B. B. Kurtz 
...B. G.Kloefder 
. .D. O. Jackson, Jr. 

. .W, B. Freeman 
. .Morland King 
. .N. S. Hlbshman 
>. .F. A. Rogers 
. .M. B. Voorhies 
..S. T. Fife 
...W, B. Barrows, Jr, 

.. .Edward Kane 
. .W. H, Timbie 
. .G, W, Swenson 
4 .W. A. Murray 
. .B. F. Bailey 
, .Oscar Werwath 
.. J. H. Kuhlmann 
. .L. L. Patterson 
. .1. H. Lovett 
..M. P. Weinbach 
.. J. A. Thaler 
. .F, W. Norris 
.. S. G. Palmer 
.. J. O. Peet 
. .L,*W. EQtchcock 
. .F. M. Denton 
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InJusifricil IXfotesi 


The Ward Leonard Electric Com¬ 
pany, Mount V rnon, N. Y., has 
appointed the Beedle Equipment Com¬ 
ply as sales representative in the 
Cincinnati and Dayton districts. Offices 
are located at 1309 Union Trust Building, 
Cincinnati, Ohio. 

Weyerhaeuser Appoints Ray V. 
Clute.—According to a recent announce¬ 
ment, Ray V. Clute has been appointed 
manager of cedar pole sales of the Weyer¬ 
haeuser Sales Company with headquar¬ 
ters at Chicago. He has been associated 
with the company since 1916. 

New Circuit Breaker.—A new indoor 
oil circuit- breaker with enclosed type 
mechanism and all poles in one tank, 
known as t 3 rpe DR-25, has been developed 
by the Condit Eleotrical Mfg. Corpora¬ 
tion, Boston. This breaker offers the 
features of non-oil-throwing, greater clear¬ 
ances, quick clearing operation, small 
spao3 requiromouts and provision for 
vontii^ gases. It is furnished three or 
four pole^ manually or electrioally oper¬ 
ated for 600, 800 and 1200 amperes at 
15,000 "vrolts. The estimated interrupting 
capacity is 2500 amperes at 15,000 volts. 

Construction Begins on G-E Cleve¬ 
land Plant.—Construction of a $1,000,- 
000 plant, the first unit of an extensive 
development in aeveland by the General 
Electoe Company has been started by the 
Austin Company, engineers and builders 
of Cleveland, and will be completed by 
August 1. A defimte upturn in business 
and the fact that building costs are the 
lowest in years were factors leading to 
the decifflon to start expansion projects 
at this time. When completed the new 
plant will employ 1,000 workers. The 
project will be erected on a 23-aore site 
in Euclid, ten miles east of downtown 
Cleveland, and about three miles from 
Nela Park, the extensive research lab¬ 
oratories of Gie company. In the plant 
will be made all of the wire filament for 
incandesoent lamps, in addition to all 
gases used in the works of the lamp 
company. 


Arc Welding Supplies.—BuUetin 
3304, 20 pp. Describes welding rods, 
shields, holders, cables, protective cloth¬ 
ing, and other accessories. The T.in«ni Ti 
Electric Company, Cleveland. 

Turbine-Generator Units.—BuUetin 
1835-A. Describes Westinghouse 3600 
1 . p. m. steam-tnrbiue-generator units. 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh. 

Insulator Glaze.—BuUetin, 10 pp. 
Treats of the glaze of porcelain insulators 
and its influence on insulator life and 
strength. Locke Insulator Corporation, 
So. Charles and Cromwell Streets, 
Baltimore. 


Synchronous Condensers.—Bulletin 
GEA-1337, 20 pp. Describes small syn¬ 
chronous condensers for improviug power 
factor and for maintaining correct voltage 
in industrial plants. General Electric 
Company, Schenectady, N. Y. 

Vulcanized Fibre.-BuUetin, 40 pp. 
Describes “Diamond” -vulcanized fibre. 
The process of manufacture is iUustrated 
and uses of the product, widely applica/- 
ble in electrical fields, are iUustrated. 
Continental-Diamond Fibre Company, 
Newark, Del. 

Motors.—BuUetin 169, 8 pp. De¬ 
scribes Wagner slip-ring motors, four 
(Merent types, speed torque characteris- 
tios and control equipment necessary for 
starting. Wagner Electric Corporation, 
6400 Plymouth Avenue, St. Louis. 

Insulated Aluminum Conductors. 
—BuUetin, 16 pp. Describes “Aleotral” 
insiUated aluminum -wires, cables and 
fittings. The advantages of the new 
type conductors for various appUoatious 
are outUned. General Cable Corpora¬ 
tion, 420 Lexington Avenue, New York. 

Phosphor Bronze—Nickel Bronze. 
—BuUetins, each 32 pp., de^ribe vari¬ 
ous ^tys of these metals, their char¬ 
acteristics and uses. The Riverside 
Metal Company, Riverside, N. J. 


for transportation of transformers, coal 
and ash ears, turn tables and other 
equipment supplied to central stations 
and large industrial power plants. The 
Atlas Car & Manufacturing Company, 
Cleveland. 

Welded Pipe Gas Lines.—BuUetin 
510, 62 pp. Describes “Smithwelded” 
pipe for gas lines. The bulletin includes 
detailed methods for determining design, 
stresses, weights, costs, etc. Photographs 
are included of some of the installations, 
which range in length to over 700 miles. 
A. 0. Smith Corporation, Milwaukee. 

Ash Conveyors.—BuUetin, 20 pp. 
Describes Nuveyor * ash conveyor sys¬ 
tems, designed piimarily to meet the 
requirements of clean and economical Q.gh 
disposal for large power plants. The 
capacities of such systems range from 3 to 
30 tons per hour, and may be used in 
conjunction with either stoker-fired or 
pulverized fuel firing. United Conveyor 
Corporation, Old Colony Building, 
Chicago. 

Smoke Recorder.—Circular. De¬ 
scribes the new L & N smoke recorder. 
The recording installation consists of a 
measuring chamber at the stack or 
breeching, a chart recorder at any con¬ 
venient location, and an indicator at the 
boiler. For central stations these devices 
assist in meeting ordinance require¬ 
ments, maintaining minimum smoke den¬ 
sity and inducing economy in filling. Leeds 
(fcNortl^p Company, 4901 Stenton Ave¬ 
nue, Philadelphia. 

Fans.—Bulletin 41, 12 pp. Describes 
Century’* fans for alternating and 
direotrcurrent, stationary, oscillating, 
ceiling and ventfiating fans. Included in 
the bulletin is a new 8-in. one-speed fan 
for alternating current; also fche "‘Revors- 
air 36-in. and 60-in. a-e. ceiling fans in 
which the direction of thei rotation of the 
fan may be reversed, permitting either 
upward or downward air delivery. 
Century Electric Company, 1806 Pine 
Street, St. Louis. 


Tr.J. 

Literature 


Waterwhetl G nerators.-BuUetin 
GEA-820A. Describes vertical'water- 
■wheel-driveu generators, Sudi units 
range in size from 30 to 77,600 kv-a. 
General Electric’Co., Schenectady, N.Y. 
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Relays.—BuUetin GEA-970B, 48 pp. 
^fscribes type PQ relays, designed 
primarily for alternating-current service 
and for use in protecting circuits and 
connected apparatus in general, in cases 
of overcurrent and short circuit. General 
Electric Company, Schenectady, N. Y. 

Battery Locomotives — Transfer 
Cars.—Bulletin 1237, 16 pp. Describes 
storage battery locomotives, special oars 


Street Lighting.—Catalog 218-A, 
126 pp., ^‘Utilitarian Street Lighting 
Equipment,** and catalog 218-B, 100 pp. 
‘Ornamental Street Lighting Equip¬ 
ment.** The former publication describes 
types of street lighting equipment in 
wMch the current is carried to the lighting 
units by overhead wiring, to distinguish 
installations of this character from 
“ornamental” street lighting systems, in 
which use is made of underground cable 
construction. Each of these publications 
includes general information regarding 
street lighting installations, descriptions 
and photographs of various street lighting 
units, standards and street lighting 
accessories. Westinghouse Electric <fc 
Manufacturing Company,^ East Pitts¬ 
burgh. 
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United Eleetrio Light and Power Com¬ 
pany is well qualified to give information 
on tiiis subject having been in responsible 
charge of the development work on 
vertical networks since their inception. 
Basset Jones of Meyer, Strong & Jones, 
New York City a coauthor with Mr. 
Kehoe, has for many years been asso¬ 
ciated with building illumination and 
power problems. {See page 292) 
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By A . J. Dreux, Bieck-Mcjunkin Dairy Company^ and 
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‘"^RACKING” low-grade oils by elec- 
^ tricity to convert them into usable 
gasoline and other volatile fluids has 
been achieved through perseverance and 
super - detailed experimentation. This 
has been made the subject of a paper 
which H. R. Rowland has presented 
before the Institute’s Kansas City Section, 
{See page 288) 


'^HE ELECTROPURE method of 
pasteurizing, in which an electric 
current is actually passed through the 
milk itself is the subject interestingly dis¬ 
cussed by A. J. Dreux of the Rieck- 
McJunldn Dairy Company of Pittsburgh 
(where the process is in practical use) and 
H. C. Brunner, general engineer of the 
Westinghouse Electric & Manufacturing 
Company. {See page 286) 
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T^BVELOPING a protective relay 
system for long transmission, lines 
where stability plays such a master role, 
is a difficult problem indeed. E. R. 
Stauffaeher, electrical protective engi¬ 
neer of the Southern Califomia Edison 
Company, Ltd., reviews d^ade of his 
experiences in this work on the lines in 
Southern Califomia where the situation 
has been further complicated by rapid 
and extensive system growth. {See 
■page $68) 


/CORRECTION. In “Light Beams 
Operate Traffic ^fnals,” by R. C. 
Hitehoodc (March issue), the third, 
.paragraph., ^h line, page 183, should 
read, "lenses and resulting in (not from) 
^e appi^atus going on. . .. 


on page $99, also papers given at the recent 
district meeting at Pittsburgh (page $96) 
and the tentative program for the Roches¬ 
ter meeting {page S0$). 


♦ 

r\EhIONSTRATING Institute activi¬ 
ties In the advaneemeht of eleotzical 
engmeenng one has only to review the 
rabjeots oh the winter convention pro¬ 
gram, putial discussion for Whieh appears 


C INGE the low-voltage a-c. distribution 
network has already proved its 
reli bility in sections where high load 
densities prevail, it seems natural to 
think of this system being developed 
verticaUy to meet the load demands of 
very tfdl buildings. A. H. Kehoe, of the 


no minor importance is the oon- 
sideration of noise-frequeney in¬ 
duction whieh oonstituted part of a 
symposium given at the Institute’s 
winter convention the major features of 
which are abstracted iu this issue. This 
is espetiaJly signidcant in view of the 
coordination problems involved between 
power and communication circuits repre¬ 
sented respectively by R. L. Wills of 
the Georgia Power Company, and 0. B. 
Blackwell of the American Tel. & Tel. 
Co, {See page $79) 







Electric Communication 
S New York Stock Exchange 


Electric communication has grown 
to be an extremely important aid in 
the speedy transaction of business. 
This is especially true of the New York 
Stock Exchange with its hundreds of 
private telephone lines, thousands of 
high-speed tickers, and a telephone 
quotation bureau which handles as 
many calls per hour as a large central 
telephone office. 

By Dean K. Worcester 

Associate A. I. JS. E. 

Assistant Secretary, New York Stock Exchange 

I T IS DIFFICULT to imagine a 
business or industry more dependent 
upon electric communication systems 
than that of a stock exchange. Perhaps the underlying 
reason is that no man can succeed in this business whose 
word is not as good as his bond; and so the telephone 
and the telegraph handle innumerable transactions 
which would othawise require the service of the type¬ 
writer and the postman. In any event, the growth of 
the electrical transmission of intelligence' since 1867, 
when the first stock ticker was placed in the New York 
Stock Exchange, and 1878, when the first telephone 
was installed there, has been rapid and continuous; and 
although the Exchange founded in 1792 has had the 
benefits of these devices for less than half of its 
history, one does not like to contemplate what 
would result foday if these facilities were suddenly 
taken from it. 

Many persons, especially, communication engineers, 
are familiar with the great network of wires that 
connects Wall Street with brokerage offices, banks, 
investment houses, and similar institutions throughout 
the country. The myriad of lines, however, which 
enter the group of buildings comprising the Stock 
Exchange seem to be clothed in mystery. For this, two 
factors are probably mainly responsible. First, the 
impracticability of admitting the public onto the 
trading floor itself, where most of these wires have either 
their beginning or ending; and tocond, the inexorable 
supervision maintained by the Exchange over these 
vital wire connections, to prevent their improper use 
by gentry of uncertain antecedents and motives. 


Written especially for Elbotbical ENoiNBiDBiNa, based upon an 
address delivered before the Communication Group, New York Section, 
A. I. E. E., Jan. 6,19^1. 
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Business op the Exchange 

The Exchange itself, be it clearly understood, does 
not buy or sell securities; it determines no prices, has 
no oflBcial quotations, and keeps no record of the trans^ 
actions made upon its floor. It exists for the pmposes 
set forth in Article I of its Constitution; namely, “to 
furnish exchange rooms and other facilities for the 
convement transaction of their business by its members ; 
to maintain high standards of commerdal honor and 
integrity among its membere; and to promote and 
inculcate just and equitable principles of trade and 
business.” 

The business which the members of the Exchange 
transact upon its floor is the making of contracts to 
purchase or sell such securities as are approved and 
admitted to dealing by a committee of the Exchange 
chosen for this purpose. 

The rooms which the Exchange provides comprise at 
present a “board room” which, with its annfiT, has an 
area of about 22,000 sq. ft., and a “bond room” with an 
area of some 6,000 sq. ft. In these rooms some 1,850 
stocks and 1,600 issues of bonds are dealt in. Con¬ 
tracts may be made only by membas, (of whom thwe 
are now 1,362), and tl^ power may not be delegated to 
anyone save another member. About 1,000 members 
are present each day upon the floor. Contracts are 
oral only, no written contracts nor memoranda being 
exchanged upon the floor. Settlement of contracts by 
the delivery of securities and paymait of money is 
handled elsewhere. 

Among the facilities provided by the Exchange to aid 
its members in the transaction of thrir business upon 
the floor are: 

1. Approximately 1,400 telephone spaces located around the edge of the 
trading fU>or where members may install prlvate«wii*e connections to their 
offices or to the offices of other members. At these spaces inembers may 
also station their own telephone clerks who attend to the handling ol^orders, 
reports, and other business over the wires, leaving the member free to exe¬ 
cute orders—an iny^duable assistance. 

2. A telephone quotation bureau, to which the bid and asked prices of 
stocks are continuously reported by a number of employees on the floor. 
Members having nearby offices may bo connected by private telephone lines 
with this bureau, and may thus obtain within a few seconds the pi*ice bid for 
a stock, and the price at which It is offered, irrespective of whether or not 
a sale has recently taken place. 

3. About 1,100 employees of the Exchange regularly stationed upon the 
floor carry messages, transmit written orders through pneumatic tubes (of 
which there are 36 miles beneath the floor), take down reports of transac¬ 
tions and cause them to be printed on the ticker tape, report bid and asked 
prices to the telephone quotation bureau, and perform other services. 

4. Ticker service which is rendered by a subsidiary, the New York 
Quotation Coinpany, to members of the Exchange located south of Cham-* 
bers Street in Manhattan. Under a non-excluslve contract the ticker 
quotations are made available to the Western Union Telegraph Company, 
by which they are retransmitted to other members and approved non- 
members located in the XTnited States, Canada, and Cuba. 
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New high-speed stock ticker with cover removed 


© New York Stodc BMbAnge 


The procedure by which an order to buy or sell stock 
is normally handled is outlined in the following. 

Handling an Order 

An order received in a memba'’s office is telephoned 
to the floor over one of the private lines and taken down 
on an order slip by the member’s telephone clerk. The 
clerk summons his broker by means of an extensive 
annimdator system and gives him the order. The 
broker then goes to the point on the floor at which trad¬ 
ing is done in the stock in question, each stock having 
its own definite location. Having boiight the stock, or 
sold it, as the case may be, he notes on the slip the wama 

the memba- or firm with whom he has traded, and 
the price. He then returns the slip to tibe telephone 
clerk who in turn reports the execution to his office over 
the private wire. 

It is thus evident that the system of private wires 
which connects the floor with the offices of members is 
an indiq)ensable link in the handling of their business. 
There are about 2,300 such wires, each entirely inde¬ 
pendent of the others, and it is estimated that on a 
moderately active day more than 2,000,000 calls are 
made over these wires during the five hours of trading. 
Obviously, a member whose communications are inter¬ 
rupted, delayed, or confused, even for a few Tninutes, 
would find himself for the time being practically unable 
to do business. 

^ The simple private telephone line, consisting essen¬ 
tially of a pair of conductors having at each end a tele¬ 
phone instrument, a bell, and a ringing key, has proved- 
to be admirably suited for this exacting service. It 
combines to a high degree the fundamental require¬ 
ments of simplicity, speed, and surety. 

There can be no misunda^tanding as to the identity 
of the person on the other end of the line, for no switch- 
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Section of private-wire telephone booths. Fneu- 
matic-tube station shown in the foreground 

Note that many of the receivers are not replaced on their 
hooks but are simply dropped and left hanging. The receiver 
cords have been looped around the hooks, their weight being 
aufflcient topuU thehooks downand Uiereby break the connection 


ing takes place; the possibility of breakdown is made as 
remote as possible; and messages can be passed as fast 
as people can talk. Furthermore, any intermediary 
swi-tching derice would make it less difficult for un¬ 
authorized and unscrupulous persons to get into com- 
mumcation with the Exchange floor; and so it is a rigid 
requirement of the Exchange that all lines shall be pri¬ 
vate, and shall terminate at each end cither in a separate 
instrument, or in a simple key-set, turret, or monitor, 
which, if used, shall be restricted exclusively to the use 
of such lines. The lines themselves are ins ta l led by 
the New York Telephone Company under a contract 
urith the Exchange, and may be connected, moved, or 
discoimected, only by an order from the Exchange. 

High-Speed Ticker System 

A wholly different communication problem is pre¬ 
sented by the ticker system. 

The present ticker instrument is simply a high-speed 
printing telegraph, controlled over a single-wire circuit, 
and driven from a local power source, usually the 
subscriber’s lighting system. The New York Quota¬ 
tion Company owns and operates approximately 2,500 
tickers, together with underground conductors, trans¬ 
mitting apparatus, and other equipment, all located as 
described, in southern Manhattan. This company has 
exclusive access to the Exchange floor for obtaining 
reports of transactions. The Western Union Telegraph 
Company obtains quotations from a New York Quota¬ 
tion Company ticker; re-transmission is effected by 
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that company by means of an ingenious double-manual 
keyboard which without disturbing the sequence of 
quotations enables two operators to cooperate in copy¬ 
ing them from the tape, the operating speed of 600 
characters per minute being far too great for one person 
to handle. 

Among the 1,100 Exchange employees stationed on 
the floor are more than 200 reporters who make note of 
each transaction as it occurs, writing on a slip of paper 
the name of the security, (abbreviated, of course), the 
•amount sold, and the price. These slips are dispatched 
without delay to a transmitting operator, who sits at a. 
perforator keyboard and perforates a paper tape with 
the code corresponding to the characters which are to 
be printed. There are six such transmitting stations, 
which were formerly located at separate points on the 
floor. Recently these have been brought together on an 
elevated platform, to which point the report slips are 
sent through pneumatic tubes. 

The six perforated tapes are summarized by a re¬ 
perforator on a master tape which passes through a 
master transmitter and operates the ticker system. At 


each of the six stations just mentioned a ticker is pro¬ 
vided, and in order to detect any errors which may have 
crept in, the report slips after being transcribed by the 
keyboard operator are immediately and carefully com¬ 
pared with the printed tape. 

The Exchange uses every effort to make the ticker 
tape ah accurate and punctual record of what takes* 
place on the floor; but in spite of safeguards and not¬ 
withstanding the high level of mechanical and elec¬ 
trical precision at which the ticker system is maintained, 
errors must sometimes occur. Consequently, the tape 
cannot be, and is not, looked upon as an official record 
but merely as the best record that it is possible to keep. 

It is regrettable that the historic days of 1929, with 
the resulting market activity which continued into the 
early summer of 1930, did not hold themselves in abey¬ 
ance a few months more; for on September 2,1930, the 
new high-speed ticker system operated as such for the 
first time, but since that date has had little opportunity 
to test its capacity in a really active market. The old 
ticker S 3 rstem printing 276 characters per min. found 
difficulty in keeping abreast of a four-million-share day. 



© New York Stock Exchange 


General view of trading floor of the New York Stock Exchange showing (/I) private-^wire telephone 
booths; (B) trading posts; XO annunciator call-boards for brokers; (,D) money desk; (E) pneumatic- 
tube stations connecting tradingppsts with telephone booths 
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End on sight- or tsn-inillion-sharc d&ys tho tnps wns 
sometimes hours behind the market. 

The new ticker prints 600 characters per or 

slightly less than twice as many as the old machine. 
Yet its adequacy in terms of shares of stock is believed 
to be- far greater than this two-to-one ratio. Records 
-show that as the volume of trading increases, the num¬ 
ber of tape impressions per hundred shares of stock 
sold falls off sharply, thus enabling a given number of 
impressions (such as the number that can be printed 
during one hour) to record a far larger amount of stock. 
For ex^ple, on a four-million-share day the average 
number of impressions per hundred shares is about 2.0; 
at eight million shares per day this figure is more nearly 
1.4; and at twelve million shares, the data though they 
are few indicate that the coefficient is about 1.1. The 
reasons for this are twofold; first, the Exchange itself 
takes steps to abbreviate the record on the tape by 
omitting volume figures or by printing only the last 
digit and fraction of the price instead of the full price; 
and second, the average number of shares of stock per 
transaction becomes larger, yet it takes only a little 
more work for the ticker to record a sale of 5,000 shares 
than a sale of 200 shares. 

In any event, the new ticker can print 160,000 
charact^ d^g the five hours of trading; if the number 
of required impressions par. hundred shares is 2.0, the 
ticker can thus record 7,500,000 shares; but at 1.1 
impr^ons per hundred shares, the ticker could keep 
effective pace with a tumova- of about 13,600,000 shares 



© New York Stock Exchtuige 


General vieu/ of telephone quotation bureau 
before installation of bulletin boards 


P6r day. Of course trading does not run at a uniform 
rate even for a single day; but it seems safe to expect 
IMt the ability of the new ticker to keep pace with 
the market will prove much greater than its printing 
speed;,alone would indicate. 


Telephone Quotation Bureau 

The tdephone quotation bureau makes available to 
members' offices on short notice the latest bid and 
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asked prices of any stock they may desire. By bid 
and asked prices are meant the prices at which stock 
carl be sold (bid) or purchased (asked)—information 
which is obviously of considerable value to a person 
who contemplates placing an order to buy or sell. 
Prior to the early part of 1929 this could be done only 
by telephoning the floor via one of the private wires. 
A broker or page would then be sent to the place on the 
floor where the stock in question was being traded (often 
a hun(^d feet or more away) and in due course the 
quotation would be reported back over the telephone. 

, This resulted in delay and caused saious traffic conges¬ 
tion upon the floor. To cure this situation, the tele¬ 
phone^ quotation bureau was established. It consists 
essentially of a distributing switchboard to which the 
offices of subscribing members are connected by pri¬ 
vate wire; a number of groups of “quotation operators” 
seated at tables connected by trunk groups to the 
distributing board; and a bulletin board for each group- 
of operators, upon which the current bid and asked 
prices of a number of stocks are posted. 

On the Exchange floor are over 100 “quotation boys,” 
each of whom covers one or more stocks; any change in 
the bid or offer is reported to the bureau by direct 
telephone line, and the prices shown on the bulletin are 
<^ang^ to correspond. A memba* desiring a quota¬ 
tion dials a two-digit code (as the distributing board is 
now machine-switching) which he obtains from a printed 
booklet containing the names and codes of all listed 
stocks. A trunk is thus selected which connects the 
member to the group of operators before whom are 
posted quotations for the stock in question; he states 
the name of the stock wanted and receives the quo¬ 
tation. 

Many vidssitud^ were experienced during the 
development of this system. No basic engineering 
data were available. It was known only that the num¬ 
ber of daily requests for quotations as determined by 
actual count upon the Exchange floor amounted to 
about 8,0W calls per day. Nothing ^yas known as 
to how this volume mi^t increase upon the introduc¬ 
tion of a fast telephone service; holding times, opera¬ 
tor’s loads, and trunking requirements, could only be 
guessed at. A safety factor of 300 per cent was finall y 
chosen, and the first bureau was accordingly opened 
early in 1929 with an estimated capacity of 24,000 calls 
per day. SuflSce it to say that within a few months 
an entirely new bureau was ordered and before it could 
be built and placed in service the old bureau was 
handling 64,000 calls per day. 

This new bimeau opened last July is expected to takfe 
care of 20,000 calls per hour, or 100,000 per day. 
Incidentally, although this bureau has only about 350 
incoming subscribers’ lines, this hourly rate of 20,000 
calls is greater than that of most major central tele¬ 
phone offices having as many as 10,000 lines i»a<’h 
Although the new bureau like the new ticker has had 
little chance to give an account of itself, yet over 9,900 

calls have occasionally been handled diuing 30 minutes. 
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Some interesting engineering features of the quota¬ 
tion bureau arise from the large number of stocks 
quoted (about 1,000 active and 350 inactive); the very- 
high calling rate (over 50 calls per line per hour); the 
extremely short holding time (about seventeen seconds 
average, of which from six to eight seconds are consumed 
in dialing alone); and the continually changing concen¬ 
tration of traffic. Within half an hour some stocks are 
called for hundreds of times; others only once or twice 
a month. Some stocks which have lain dormant for 
months may suddenly flare up and as suddenly die, while 
new stpc^ may be added on only a few hours’ notice. 
The equipment on the Exchange floor where the all- 
important information is gathered must be susceptible 
of uninterrupted rapid use by over 100 people without 
interfering with the activities of some 3,500 other 
people who on a busy day are very busy indeed. 

^ Since the introduction of the telephone and electrical 
ticker into the New York Stock Exchange more than 
60 years ago, electric communication systems have 
grown to be an almost indispensable link in the trans¬ 
action of its business. As has been shown, the equip¬ 
ment making up these systems must meet the exacting 
requirements of fast, continuous, and dependable 
operation, since a failure or delay in any part would 
residt in impeding if not completely interrupting the 
activities of some of the members. With the growth of 
the Exchange these systems have grown steadily and 
undoubtedly will continue to improve and expand 
according to the dictates of a constantly 
volume of business. 


Color Console 
For Theater Lighting 

T> Y MEANS of vacuum tubes, a 'light artist” 
-■J at the “color console” of Cleveland’s Sever¬ 
ance Memorial Hall has hue and intensity of auditorium 
and stage Hghting at his finger and toe tips, just as a 
pipe organist finds pitch and volume of sound at his 
command. 

This unique Westinghouse lighting switchboard, 
built into an ordinary organ console, has the ability to 
“remember;” four complete scenes may be set up in 
advance to be called forth at will by throwing a master 
switdi. The different scenes can form a continuous 
program, one scene automatically merging into the 
other at controlled rates. The vacuum-tube control 
scheme is the means of reaching for the first time the 
long sought goal of “proportional dimming”—that is, 
previoudy-set intensities of various groups of lamps 
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Front of color console showing arrangement of 
controls 


^p theu* same relative brilliance while being dimmed. 
However, the operator at his console has every lighting 
effect subject to his will at all times. 

^ Hitherto, theater-lighting switchboards have lurked 
in the wings, because they were too ugly and cum¬ 
bersome to be placed in more desirable locations; a new 
means of governing the grids of vacuum tubes enabled 
engmeere to concentrate the “nerve centers” of nearly 
4,000 lighting combinations in an ordinary organ 
console. Such a console is portable, a 40-ft. extension 
cord allowing it to remain on the stage or ride the eleva- 
tor platform in the orchestra pit. 

This light console” has 36 main-control drums which 
project H in. above the face of its keyboard panel and 
^ spaced only 15/16 in. apart. These 36 controls 
bnghten or dim a total of 110 lighting circuits. 

^ If the operator needs his hands for other work, or if 
his fingers tire, a slip of a switch transfers the intensity 
control to a group of nine horizontal foot-pedals. Four 
slanting foot ped^s can be made master controls 
for groups of circuits. For instance, by manipulating 
two of these master pedals half the lights could be 
dunmed simultaneously while the other half increased 
m brilliance. 

On the diagonal sides of the console are 110-cross¬ 
connecting switches for distributing the various cir¬ 
cuits among the 36 control panels. Relays in the base¬ 
ment apparatus room do the actual work of connecting 
the proper vacuum-tube units to their associated 
apparatus and lamps. 
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Development Trends 
m Circuit Interrupters 

Several- novel circuit interrupting 
devices are showing possibilities of com¬ 
mercial importance; 4ome representing 
improvemients to >’oil circuit breakers 
and otheti indicating a possible trend 
toward the non-oil type of equipment. 
Delon, compressed-gas, expansion, vac¬ 
uum, and oil breakers are discussed 
briefly in the light of present laboratory 
knowledge. 

By J. B. MacNeill 

Associate A. I. B. E. 

Manager* Oircuit Breaker Engineering Department 
Westinghouse Electric & Manufacturing Company 
East Pittsburgb, Pa. 

S EVERAL of the many novel ideas for 
the intemiption of high-powared, 
a-c. short circuits that have been 
advanced during the last two or three years present 
attractive features as compared with conventional 
equipment. Only tests and field service over a period 
of time can determine the proper place in the electric 
power industay for each development, since the various 
ideas presented are too dissimilar to enable the casual 
observer to form an opinion of relative merits. 

At the same time there is a feeling among both the 
manufacturers and users of high-power circuit breakers 
that the industry is already too much burdened with 
complication due to voltage ratings, carrying-capacity 
ratings, structural arrangements, and many other 
features more or less special with groups of op^ting 
people. It may be conceded that the introduction of 
radically liew forms of circuit-interrupting devices will 
not automatically simplify present day complication, 
but unless carefully supervised may only complicate 
tile situation still further. 

Generally this problem of circuit-interrupting appara¬ 
tus is subdivided in two ways: first, into indoor and 
outdoor apparatus; and second, into low-voltage and 
high-voltage apparatus. In America, practically all 
swtching equipment above 25 kv. is outdoor, so that a 
view of the situation is simplified by tbinking of the 
problem in two parts; the first, indoor apparatus at 
25 kv. and below, and the second, all outdoor appara¬ 
tus. ^ The merits of a proposed device to meet the 
requirements of these two dassffications is important 
in connection with newer ideas. 

Vrom "The Trend In Derelopipnt of Modem drcutt Ihtemqpters,'' 
(No* Sl-S), tiresented at Oie A. I. B. B. -winter oon-reittion. New York 
Jan. 2(M0.1981. 


Deion CmcuiT Breakers 

It is only in the past few years that the cold-cathode 
arc has been studied, and the theory of current being 
carried to the cathode by positive ions diffused from a 
highly thermally-ionized gas layer adjacent to the 
cathode has been advanced in support of it.‘“^ This 
conception of a cold-cathode arc has been followed by 
considerable advance in the rupture of high-voltage 
circuits in air. Further research investigation” dis- 



Fig. 1. Partial assembly of a 600-ampere IS-kv. 
deion air-break circuit breaker designed for 
500,000 arc kva. 


dosed that after a current zero the thin layer of gas 
immediately adjacent to the cathode regains a rather 
definite dielectric strength at a rate faster than voltage 
restored across any practical operating circuit. 

^ These ideas of the cold-cathode arc and the relatively 
high dielectric of the cathode gas layer may be con¬ 
sidered in some respects to form the fundamental 
nudeus of the deion breaker.* 

Considerable progress has been made4n the past year 
in the development of commercial apparatus involving 
the deion idea. This work has been based upon 
laboratory tests^. and further check by an extensive 
series of field tests up to 560,000 arc kva. at 12 kv.«, 
and other field tests up to 800,000 arc kva. at 24 kv. 

A limited number of breakers rated 500,000 arc 
kva. at 15 kv. has been in 12-kv. service for more 
than a year without difficulty. A considerable num¬ 
ber, approximately 160 pole units, of the same rating 
has been placed in service during 1930 on from 11 to 
13 kv. There are at present under way numerous 
tests on a breaker for 1,000,000 arc kva. at 15 kv. 
The plate unit of this breaker is shown in Fig. 2. An 
improved breaker designed for 1,500,000 arc kva. at 
26 kv. has been built and is shown in Fig. 3. Work 
is wdl imder way on a breaker for 250,000 arc kva. 
at 5 kv. 


1. For references see bibliography. 
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By referring to Fig. 2 it is seen that a considerable 
modification has been made in the plate structure as 
compared to the older "key” form of plate shown in 
Rg. 1. In the newer construction each plate is pro¬ 
vide with a_ vent direct from its own arcing space. 
This vent is much more direct than the older method 
of venting at the end of the arc-drawing space shown 
in Fig. 1, and therefore superior heat elimination after 
short circuit is secured. This in turn increases the 
rupturing capacity of a given sized plate and the 
number of operating cycles to which it may besubjected. 

The new plate structure eliminates the large blow-in 
coils previously necessary on the sides of the ehamba-, 
thus making arc transfer into the plates easier by re¬ 
ducing complication and eliminating the possibility of 



Fii. 2. A deionizing plate from a 1,000,000-kva. 
deion air-break unit 


voltage puncturing from the coils and magnetic circuits 
to the opposite polarity inside the chamber. This new 
design of plate has made possible the building of 25-kv. 
breakers in a single unit and in a space fairly comparable 
with 16-kv. designs. 

So far as can be seen there is no immediate limitation 
to the rupturing capacity of deion air breakers. Tiike 
other non-immersed switching devices, however, they 
are subject to the limitations of present day insulating 
materials. While development along this line is pos¬ 
sible, it seems advisable for the present to limit this 
type of circuit breaker to 25-kv. service and below, and 
for the most part to indoor applications. An iTi.tinlat.inn 
test of'80 to 100 kv. with a breaker open or cloi^d can 
be TOcured with reasonable construction for 26rkv. 
service. If atmospheric conditions are normally good; 
this appears suflBcient giving a relatively small deposit 
of dirt and moisture. 


Compressed Gas Circuit Breaker 

The idea of using compressed gas for interrupting 
high-voltage circuits is not new and has been worked on 
by several concerns. However, with the aid of ade¬ 
quate test facilities, the A. E. G. of Germany has spon¬ 
sored this development and much progress has been 
made. Several technical papers by the inventors and 
desi^ers of this equipment have been presented to 
the industry.® Rg. 4 shows the design of this breaker 
for 10-kv. service. The high-voltage circuit is made 
at the top of the tube through a terminal which is con¬ 
nected by the moving contact to the lower terminal 
at the bottom end of the tube. Operation is generally 
soured by an air cylinder fed from the same source of 
air pressure which gives are rupture, and the 
operation of the device is so arranged that movement 
of contact parts and valve actions assure air pressure 
simultaneously with, or just previous to, the parting of 
contacts. There is thus no possibility of drawing a 
high-voltage arc without necessary pressure for rupture 
being present. For the purpose of assuring several 
repeated operations without the necessity of air from the 
main storage, the pressure in the air reservoir at the 
breaker is generally quite high. It is reported that in a 
typical case, an air pressure of 15 atmospheres (225 lb.) 
is reduced to 11 atmospheres after the first short circuit, 

7 atmospheres after the second short circuit, and ap- 
proidmately 4 atmospheres after the third short circuit. 
An initial pressure of approximately 7 atmospheres is 
adequate, therefore, provided the pressure can be re¬ 
newed after each short circuit; 

The compressed-gas breaker has the advantage of an 
adequate supply of arc-extinguishing gas immediately 
available when the arc is started. It is extremely 
clean in operation with no liquids to be spilled and no 
large deposits, such as carbon, to be cleaned from con¬ 
tact parts. Furthermore, it seems to operate with low 
arc energy, and due to the use of special contact ma¬ 
terials the depreciation of these parts is small. 


Plate SwucTune 



Fig. 3, Outline of single-pole unit for I,SOO,000- 
kpa. (flrc) 25-kv. deion air-break circuit breaker 
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This device has the disadvantage of requiring at all 
times clean, dry air under pressure ready for. instant 
use even though under service conditions the breaker 
may not operate for days or perhaps weeks. The use 
of air in train control where apparatus is inspected 
frequently and operated many times daily has reached 
•a stage of high efficiency in this country, but the use of 
air valves where their operation is only infrequent has 
not been altogether favorable. The use of porcelain 
insulators subjected to sudden blasts of gas pressure 
may present some difficulty, and the possibility of 
moisture in the air affecting insulation value has to be 
reckoned with. The insulating limitations are aimilar 
to those of other non-immersed devices, and applications 
on indoor and relatively low-voltage lines present less 
hazard than do those for outdoor or higher voltages. 

On the whole, the development of this device is a 
noteworthy engineering achievement and it will doubt¬ 
less assume some commercial importance in the voltage 
classes for which it is best suited. 

Expansion Breaker 


The development of a live-pot circuit interrupter 
using water is being sponsored by the Siemens-Schuck- Fig. 4. Three-pole, pneumatically-operated, 600- 
ertwerke of Germany.^ A breaker for 10-kv. service is ampere, lo-kv. breaker 

shown in Fig. 5. A considerable nmnber of these 
breakers is being manufactured for 6- and 10-kv. 

service, and some with ratings up to 600,000 arc kva. The fluid chamber is divided into two parts, the 
have been placed in successful operation in Germany inner chamber being filled with water or other liquid, 
during the past year. and the outer chamber being a water storage space and 

The principle of arc interruption underl 3 dng the air space to allow rapid expansion of the gas when it 
device is stressed in the following formula: passes through the throat bushing of the innpr chamber. 

Vent pipes from the outer chamber are provided for 
- -rr - K -r— > 0 leading the expanded, moist gases safely away from the 

^ ‘ vicinity of the arc-rupturing space. 

Here T is the absolute temperature of the vapor in-the interruption is secured by adiabatic expansion 

arcing space, V is the instantaneous value of the re- gases through the throat bushing into the outer 

stored voltage, and J? is a value constant for a given chamber. This action causes the temperature decrease 
fluid and Pressure but varying with these factors. This corresponding moisture condensation in the arc 
formula states that the rate of temperature decrease stream, which in turn reduce movement of the electrons 
must be greater than the value obtained from a constant increase the dielectric strength of the arc path, 
multiplied by the rate at which voltage appears across In 1921 L. C. Nicholson developed a device similar 
the contacts after the current has become zero. In to the expansion breaker which successfully interrupted 
accordance with one possible theory offered in ex- short circuits up to 6,000 amperes at 66 kv. on a single- 
,planation of arc extinction, this decrease in temperature pole unit on the lines of the Niagara Lockport & 
is ^companied by a corresponding condensation of Ontario system. Mr. Nicholson’s device differed 
moisture on the electrons, thereby increasing their radically, however, from the expansion breaker, in that 
inertia and making impossible a breakdown of the it depended upon extremely high speeds of mechanical 
space between the contacts. ^ movement for proper circuit rupture. 

Kg. 5 shows a breaker of three pole units, each having The engineering development of this expansion 
a cumber mounted on a^ porcelain column. Above breaker has been very ingenious and many of the diffi- 
each ch^ber there is a triangular, hooded structure culties confronting it at the beginning have been re- 
contoning an operating mechanism mounted upon moved. The use of water instead of oil seems to be 
pother column of insulating material. This unit is of feasible-at least for low voltages—and evaporation is 
the smgle-bre^-per-pole type and the moving contact not excessive. For low operating temperatures, the 
operated by the rod in the rear is shown protruding mixture of some compound such as glycerine with the 
from the operating mechanism chamber. water is necessary and apparently permissible. The 
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Question of contacts for large current capacities neces¬ 
sarily complicates the design but the difficulties are 
not insurmountable. 

Since the rate of gas expansion depends upon the 
throat area, the design of the throat parts requires 
much work in order that proper deionizing action will 
occur over the whole range of currents and with different 
circuit voltage conditions. In the past, difficulty of this 
mture has been encountered with devices having 
similar characteristics; the designera feel that these 
problems have been successfully solved. The possibili¬ 
ties of explosive gas formations caused by breakdown 
of wata: into hydrogen and oxygen have been investi¬ 
gated and no dangerous conditions found. Naturally a 
de’rice of this kind possessing the general insulation 
limitations of non-immersed apparatus is more suitable 
for lower voltages and for use indoora than for out¬ 
doors. An interesting feature of the design is the air- 
gap between the expansion chamber and moving 
contact when the breaker is open; in some cases the 
desi^ers f^l this may obviate the necessity of discon¬ 
necting switches, although of course it would be unwise 
to work on the breaker structure without such safety 
provision. 


Vacuum Beeakers 

In general, the present indications are that while 
a properly constructed vacuum circuit interrupter 
would give a high grade of rupturing performance when 
interrupting low-current circuits, and may handle high 
voltages with very small contact separation, a material 



IPig. 5., Three-pole, electriaaiy-operaied, €00ram- 
pere,10-kv., 400,000-kva. (arc) expansion breaker 

April mt 


advance in vacuum technique will be necessary before 
this device can be developed to the point of dependable 
operation on high-power circuits, such as are encoun¬ 
tered in present day switching service. Atthemoment, 
in spite of the larg;e amount of intelligent development 
work done on the idea, the vacuum circuit breaker has 
no commercial importance. 

General Comments on Oil-Less Breakers 

In studying the work that has been done on bmakers 
not using oil, one is forcibly impressed with the great 
ingenuity that has been necessary to overcome the 
troubles encountered. Insulation and voltage distribu¬ 
tion quite low in the voltage range sometimes become 
serious questions. At times the ability of an oil insu¬ 
lating medium to erase broken-down arc trails, to 
absorb large amounts of energy by volatilization of a 
small amount of liqmd, and to close in and cool off 
immediately all necessary parts, is sadly missed. 

Modem non-oil devices as a whole are characterized 
by reduced are energy, increased speed of switch opera¬ 
tion, and improved contact materials. These all tend 
toward quieter and more satisfactory performance 
under short circuit, and reduced maintenance. Highly 
scientific work has been possible with modem facilities 
for test and demonstration of theories. Undoubtedly 
much more is known of principles of arc rupture as a 
result of this work. 

Oil Breaker Development 

It is only natural that high-power testing equipment 
now available to several large manufacturers should 
i^uence the design of oil breakers as well as that of 
oil-less breakers. Much improvement has been made 
along the lines of reduced arc energy, reduced arcing 
time, and a lower over-all switching time. Field tests 
have shown complete circuit-breaker operation of from 
six to eight cycles for 220-kv. systems, and* from’five 
to six cycles for lower-voltage systems, from the instant 
rely contacts are closed until the short circuit is 
extinguished. This pmformance is accompanied by 
arc energy constoting a fraction of that resulting Vith 
older breakers, with consequently reduced maintenance 
as well as assurance of adequate rupturing ability. 

Advances in design continue to be reported by manu¬ 
facturers of oil circuit breakers using widely different 
interrupting devices including multiple breaks, high¬ 
speed contacts, explosion chambers, and deion grids, 
and in some cases special arrangements of magnetic 
blowout. The limitetions of all these devices have.not 
been reached, but given simil^ performance in the way 
of high-speed action, reduced arc enery, and physical 
demonstration due to gas pressure, there is an inclina¬ 
tion to • favor the simpler devices as requiring less 
maintenance. 
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Fig. 6. Deton grid assembties (from left to right) for installation in 34,5-46-kv,, 69-92-ifev., 115-kv., 

138-kv., and 230~kv, oil circuit breakers 


Deion Geids 

A year ago this device was new and its preliminary 
development was reported.^'*^ At that time, practi¬ 
cally no operating experience was available and results 
of certain important field tests were just being received. 
A broad commercial development of this idea has 
occurred in the past year and the deion grid may now 
be obtained as standard equipment for breakers of all 
voltages above 26 kv. and for interrupting capacities 
up to 2,500,000 arc kva. 

The effect of powerful magnetic fields on the arc in 
oil breakers had been known for some time' and com¬ 
mercial apparatus for high-speed operation giving 
cycle of arcing over a wide range of current from 2,000 
amperes upwards at 12 kv. has been placed in service. 
Analysis of these results in the light of recent funda¬ 
mental arc research showed that powerful deionizing 
actioh was at work. The blowout action of the mag¬ 
netic field by extending the arc rapidly outward was 
maintaining it in intimate contact with fresh oil, and 
the gas generated by this contact between oil and the 
intense heat of the arc was unusually effective. This 
continual introduction of fresh xm-ionized gas into the 
arc stream resulted in a high'rate of deionization not 
possible by diffusion of ions into gases playing around 
the p^pheiy of the arc. The arc path naturally re¬ 
gained sufScient dielectric strength to withstand re¬ 
ared yoltage in a short time. This idea held hope of 
improvement in high-voltage breakers provided a proper 
phyacal application of the idea could be made. Ordi¬ 
nary blowout devices consisting of large coils and pole 


faces are not adapted for extremely high-voltage work, 
as the attendant problem of proper insulation is practi¬ 
cally insoluble. 

The use of oil in high-voltage breakers, however, 
presents a great advantage; the necessity for moving 
the arc terminals considerable distances from the origi¬ 
nal arc-drawing surfaces to scavenge the area between 
contacts did not exist. It was necessary only to 
develop means for utilizing the natural mobility of the 
arc and the inherent immobility of the oil while main¬ 
taining intimate contact between them, and to provide 
that the gas generated should pass effectively through 
the arc stream for deionizing purposes. This advanr 
tage was found in the deion grid, wKich provides a 
magnetic field to move the arc along a confined path 
as well as means for solidly entrapping the oil in this 
path with proper provision for gas escapement 
through the arc. Fig. 6 shows a number of these 
grids of various sizes suitable for a wide variety of 
operating voltages. 

The introduction of the deion grid has been accom¬ 
panied with intensive laboratory and field testing work, 
so that its pierformance has been carefully measured and 
its fundamental principles thoroughly understood. 
Thare is, therefore, assurance of satisfactory opaation 
not procurable in, the past, with novel devices for cir¬ 
cuit interruption. 

Performance of all sizes of deion grid is fairly com¬ 
parable. For average circuits, 10 kv. can be opened 
per inch of break distance on a single break per pole 
and 20 kv. per inch of lift-rod movement on the con¬ 
ventional breaker having two breaks per pole. In 
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the average case, arc energy is reduced to approxi¬ 
mately 7 to 10 per cent of that obtained with usual 
open-break devices. 


Conclusions 


breakers, after, as well as before, rupturing duty has 
been performed, makes the use of oil in circuit inter¬ 
rupt^ extremely desirable for ratings above 26 kv., 
especially in outdoor service. 


An analysis of circuit rupturing ideas now before the 
industry justifies the following conclusions: 

^ 1. Several ingenious and rather well-developed de¬ 
vices which do not use oil as a rupturing medium are 
fast becoming available for commercial use. 

2. All these devices, while possessing good arc- 
rupturing characteristics, are subject to the limitations 
of available insulating materials. Their application to 
high-voltage systems makes difficult the problem of 
coordinating the impulse values of lines and apparatus. 

^ 3. ^ For reasons of insulation and difficulty of opera¬ 
tion in unfavorable locations, conservative engineering 
would seem to limit the use of these non-oil-filled break¬ 
ers to voltages of 25 kv. and below, and for the most 
part to indoor service. 

4. Other things being equal, preference will natu¬ 
rally be extended to that form of non-oil circuit inter¬ 
rupter requiring no arc-rupturing medium, whether 
such medium be compressed gas, liquid, or vacuum. 

5. Improvements have been made in oil circuit 
breaker design which assist system stability, reduce arc 
energy, and contact wear and breaker maintenance. 

6* To secure coordination of apparatus and line 
insulation on large systems, the growing requirements 
for ample insulation factors on high-voltage circuit 
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Portable Substation for Emergency Industrial Use 


y/t S an outgrowth of its railivay- 
car portable substations the 


Duke Power Company, Charlotte, 
N. C., is using four of these 1,320-’ 
kva., 44-1012.4 & 0.6rkp. trailer- 
mounted portables to back up 
the service of its 22S industrial 
substations. Total service weight 
is 21,400 lb., 1,400 lb. more than 
the legal highway Umit, necessi¬ 
tating the withdrawal of Jive 
drums of oil before moving the 
gpipment over a state highway 
—a condition, however, which 
expedites a necessary inspection 
of the terminal board and pro¬ 
vides a load for the pulling truck 
thereby increasing its traction. 
The trailer may be handled from 
either end. 
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Current Collection 
in Hydrogen 
Atmosphere 

Test runs of conunutators and slip- 
rings operating in hydrogen gas reveal 
interesting characteristics and lead to 
five definite conclusions. 

« 

By R. M. Baker 

'Westingbouse Electric & Manufacturing Oompany 
Bast Pittsburgh. Pa. 

T he first electrical machine to 
be operated in hydrogen was the 
synchronous condenser, chosen 
largely, because of the ease with which it could be 
covered by a gas-tight houring. Probably the next 
advance will be the application of a direct-connected 
exciter to one of these machines and that require 
the exciter to be operated in hydrogen. If it is proved 
that commutation can be accomplished satisfactorily in 
hydrogen it may not be long before the hydrogen-cooled 
synchronous converter will make its appearance; 
therrfore it would seem that much depends upon the 
accumulation of knowledge on the general subject of 
commutation and current collection in hydrogen. It 
represents a field which until just recently had received 
no attention. Whether or not there will arise any new 
and serious difficulties renoains yet to be seen. 

This paper is not intended as a complete treatise of 
the subject but only as a beginning. It describes a few 
tests made on commutator machines and slip-rings 
running ip hydrogfen which although not extensive 
establish a few facts quite conclusively. 


cent of the current shunted from the commutating-pole 
winding of the generator. The sparking at the trailing 
edge of the brushes was quite severe and even under the 
most favorable conditions naturally resulted in rather 
short brush life. Test No. 5 was made with almost 
sparMess commutation. 


table I—oaloulated brush life op generator brushes 




Calculated brush life in da.vs 

Test Duration of Atmos- 

Brush 

Brush 

Brush 

Brush 

No. 

test—days phere 

No. 1 

No. 2 

No. 3 

No. 4 

1 .. 

...15.0 ...Air. 

. 588.0.. 

.. 220.0.. 

.. 812.0. 

.. 362.0 

2 .. 

... 6.41.. .Hydrogen. 

.. 94.4.. 

.. 9.2.. 

.. 128.0. 

.. 10.6 

3.. 

... 6.78... 

. 222.0.. 

.. 205.0.. 

.. 282.0. 

.. 161.0 

4.. 

... 7.0 ... 

.. 43.7.. 

.. 59.9.. 

.. 69.3. 

.. 45.0 

5.. 

...15.0 ... « 

..1875.0.. 

. .1770.0.. 

.2000.0. 

..2310.0 


Brush life Is calculated on the assumption of one inch' allowable brush 
wear. Brushes Nos. 2 and 4 are the two positive brushes of the generator 
SAd are on opposite brush arms. 


The most interesting comparison is that between tests 
' Nos. 1 and 2, which wwe made under identical conditions 
except that the former was made in air and the latter in 
hydrogen. In air the minimum calculated brush life 
was almost a year whereas in hydrogen it was only a 
little more than a week. Furthermore the damage to 
the commutator during the test in hydrogen was ap¬ 
preciable. The trailing edges of the commutator bars 
were burned away, in some cases as much as 1/32 in., 
leaving a bright metallic surface. This first test in 
hydrogen was quite unique in that it showed such a 
^eat difference in wear between the positive and nega¬ 
tive brushes. Both tests described were made before a 
hygrometer was installed and consequently the relative 
humidity of the medium in which they were run is not 
known. It is very likely, however, that the test in 
hydrogen was started with a relative humidity of about 
60 per cent and ended with a relative humidity of about 
20 per cent. 


Effect of HuMrorry 


Commutation Tests 


Upon starting each new test it was necessary to pas^a 
cohaderable hydrogen through the tank to wash out the 
but after a good hydrogen purity was once estab¬ 
lish^ it was sufficient merely to mainta-in a gmaii 
positive pressure in the tank. 

Table I gives the results of five brush-life tests made 
on a short-dreuited generator. All tests wae made 
with full-load current in the brushes, but the generator 
^ not alwaj^ adjusted for the same grade of commuta¬ 
tion. Tests Nos. 1,2, 3 and 4 were made with 30 per 


.‘‘Ctonunutatlbn Ourrent OoUectton in Hydrogen,’* CNo. 31 ^ 
l^?ei8entod at the A. I, B. B. winter convention, New York, Jan. 26-80,103 


Tests Nos. 3 and 4 were made for the purpose of 
detomining whether or not the unusually bad behavior 
of the brushes and the commutator in test No. 2 could 
be attributed to the high relative humidity which was 
suspected during this test. These tests were made with 
30 POT cent of the current shunted from the commutat¬ 
ing-pole winding of the generator and the only difference 
in the two tests was in the relative humidity of the 
hydrogen atmosphere in which they were run. During 
test No. 3 the relative humidity was maintained at less 
than 10 per cent, whereas during test No. 4 the relative 
humidity was maintained practically constant at 60 
POT rent. Table I shows that the wedr at the hi giiw 
humidity was approximately four times as great as it 
was at the lower humidily. An inspection of the 
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commutator gave further evidence of improved per¬ 
formance during the low-humidity test. 

Upon shutting down test No. 3 the commutator 
appeared dark and uniformly smutted, but apparently 
no damage had been done. A light application of fine 
sand paper showed the commutator to be in perfect 
condition. This however was not true of the commuta¬ 
tor at the end of test No. 4. It was apparent immedi¬ 
ately upon shutting down this test, that the commuta¬ 
tor had been badly burned. The bright copper was 
showing on the trailing edge of the commutator bars 
just as it was after test No. 2, and the roughness 
could not be removed by any reasonable amount of 
sanding. 

It is interesting to note that brushes Nos. 1 and 4 
which were on the side of the machine nearest the 
moisture supply, showed somewhat shorter life that) 
brushes Nos. 2 and 3 which were on the other side of 
the machine. In conclusion it may be said that if a 
commutator machine is running in hydrogen and spark¬ 
ing badly, the presence of moisture is detrimental to 
both the brushes and the commutator. 

So far, all the tests described were made with the 
generator adjusted to give severe sparking at the 
brushes,^ the idea being to determine what would 
happen if this condition should arise in service. To 
show that operation in hydrogen may be quite satisfac¬ 
tory when commutating conditions are normal it only is 
necessary to refer to test No. 5, the results of which are 
tabulated in the last line of Table I. This test was 
made while the generator was delivering full-load cur¬ 
rent, but the shunt had been removed from the com¬ 
mutating-pole winding. The minimum brush life of 
almost five years and the good condition of the com¬ 
mutator at the end of this test would seem to indicate 
that as long as a machine is designed and adjusted 
for good commutation in air, it will behave quite 
satisfactorily in hydrogen. This last test was rei)eated 
several times and the same good results were always 
obtained. 


with different grades of carbon and graphite brushes. 
The results of these tests were always the same. Lumps 
of hard material, sometimes 0.02 or 0.03 in. in diameter, 
were formed in the brush face and immediately began 
to score the ring. Upon analysis the hard material 
proved to be cementite (FetC) which apparently had 
been formed by a direct combination of iron and 
carbon in the presence of localized high temperatures in 
the contact. In an attempt to prevent the formation 
of hard spots in the brush face, a helical groove was cut 
in the face of the tool-steel ring. With this change it 
was found that several brush grades which failed on the 
plain ring could be operated without difficulty; the 
formation of hard particles in the brush face was elimi¬ 
nated and the ring acquired a good polish. 

These tests were quite similar to those made on the 
tool-steel ring and again the results were almost inde¬ 
pendent of the grade of brush used. When the air 
surrounding the rings was replaced by hydrogen all 
^ades of carbon and graphite brushes showed a marked 
decrease in contact drop; in fact, the ratio of air to 
hydrogen was usually greater than ten to one. For 
most grades of brushes this reduction was permanent, 
although other grades after running for a while began 
to smut the ring; when this occurred the contact drop 
increased to about the same value as it would have in 
air. 

No attempt will be made to explain the phenomenon 
disclosed by the above tests, but it was noticed that the 
results were peculiar to the particular brass ring on 
which the tests were made. Similar tests were made on 
the brass ring of another test set and it was impossible 
to^ even approach the low values of contact drop ob- 
tmed in the first brass-ring tests. The only explana¬ 
tion which could be found for this disagreement in be¬ 
haviour was the difference in the compositions of the 
two brass rings. This would also explain the fact that 
in the earlier tests the steel slip-ring showed only a 
slight decrease in contact drop when hydrogen was 
introduced. 


Sup-Ring Tests 

The apparatus used in these tests consisted of a 
collector or set of slip-rings driven by an adjustable- 
speed d-c. motor and so arranged that the space around 
the rings and motor could be filled with hydrogen. 
Each ring was in. wide and 9J4 in. in diameter and 
w^ trimmed with one brush ^ in. wide by in. 
thick by 2 in. long. Direct current was supplied to the 
brushes and rings by an arc-welding set. Leads brought 
out through the bed-plate made it possible to measure 
the contact drop of any brush. Most of the tests were 
made with a current density of about 40 amperes per 
sq. in. and a peripheral ring speed of 2,500 ft. per 
min. 

The first tests were made on a tool-steel ring trimmed 


Conclusions 

It is realized that the tests reported in this paper are 
not very complete, but from the results of the tests 
described the following tentative conclusions may be. 
drawn: 

1. A commutator machine deafened and adjusted for good commutation 

in 0 Jr will op6rat6 sa>1«i$fafCtorily find givo good brush life in hydrogen. 

2. If a commutator ma^ailne must spark in hydrogen the brush life 
may be Increased many times by keeping the relative humidity below 10 
per cent. This will also prevent damage to the commutator. 

8. The contact resistance of carbon brushes on a commutator may be 
materially lowered by the introduction of hydrogen. 

4. Oarbon or graphite brushes cannot be operated satisfactorily on 
plain tool-steel slip-rings running in hydrogen. 

6. The contact drop between a carbon or graphite brush and brass 
slip-ring may be ten times as high when th ring Is mnnlng in air as when 
It is running in hydrogen. 
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Evolving a Modern 
Protective Relay 
System 

The history of a decade of experience 
with various kinds of protective relay 
equipment on one of the nation’s 
largest electric service systems is out¬ 
lined here. Conclusions leading to, 
and methods of accomplishing, a com¬ 
plete revision in system operating 
practise are discussed. 

By E. R. Stauffacher 

Member, A. I. E. E. 

Southern California Edison Company, Ltd., 

Los Angeles, California 

P ROTECTIVE RELAYS make pos¬ 
sible a continuity of electric service 
under conditions which would have 
rendered such service impossible as little as ten years 
ago. Further, these sensitive devices permit improve¬ 
ments in transmission efficiency through enabling the 
safe use of lines in parallel with consequent reduction in 
P R loss, even though one line might have sufficient 
capacity to accommodate the load. 

Previous to 1923 when the 150-kv. lines of the South¬ 
ern California Edison Company, Ltd., were changed to 
220-kv., no protective relays were employed. When a 
fault appeared the generator voltage was lowered and 
then gradually built up until the fault arc broke and 
ground currents ceased to flow. These faults resulted 
in service interruptions which could not be tolerated 
when the lines were changed over to the higher voltage. 
The decision was made therefore to install some form of 
relay protection. Phase relays of the induction type 
were so connected that two lines at a generating or 
substation were balanced against each other, both being 
under automatic protection. If it became necessary to 
remove one line of.a pair from service, however, the 
other had to be made non-automatic, in which case the 
old scheme of reducing the generator voltage had to be 
relied upon. This plan while a great improvement over 
the older system of entirely fton-automatic operation, 
was far from ideal, and the need for further improve¬ 
ment soon became apparent. 

The first modification was in the form of balanced 
ground relays, similar to the phase relays already in 


From “Development of a Eelay Protective System” (No. 30-191), pre¬ 
sented at the A. I. B. E. Pacific Coast convention, Portland, Ore., Sept. 2-5, 
1930, and subsequently made available for publication. 


service but designed to operate at lower-current values. 
This addition speeded up the clearing of heavy faults 
considerably, and provided further for the removal of 
faulty sections of line from the system when the ground 
current was too light to operate the phase relays. 

With this combination of balanced phase and ground 
relays most faults were cleared without interruption to 
service; however, some interruptions still occurred when 
operating one line non-automatic, a practise still em¬ 
ployed when one line of a balanced pair was out of 
service. Also, in a few cases when faults occurred- 
during heavy-load periods the two ends of the system 
even after the fault had been cleared would sometimes 
drop out of step. This situation led to the installation 
of oscillographs and curve-drawing instruments several 
generating plants and substations to record transient 
conditions resulting from a fault. A study of records so 
obtained indicated a necessity for clearing the faults in 
a shorter time, limiting the ground current to as small a 
value as practicable, quick response of generator field 
excitation, and additional transmission line, only two 
220-kv. lines then being in operation. 

Protective Relay Installations— 220-Kv. System 

Table I shows the number of flashovers and other 
troubles on the 220-kv. transmission system from 1924 
to June 1930. A study of the operating records from 
which this table was prepared demonstrated that at no 
time has there been any transient fault which has not 
been accompanied by a flow of some ground current. 
The wide spacing of conductors at this high voltage is 
responsible no doubt for the fact that the likelihood of 


TABLE I—220-KV. INTERRUPT fON.S 


Year 

Number 

of 

faults 

Faults 

cleared 

correctly 

Number of 
times relays 
not in at 
time of fault 

‘'•System 

inter¬ 

ruptions 

J^ercontago 
system inter¬ 
ruptions to 
faults 

1924... 

_ 22_ 

. 8... 


.. 14 

63 8 

1925... 

.... 25.... 

_19... 

. 4. 

... 3.,. 

.... 12 

1926... 

_36_ 

_ 27... 

. 1. 

... 8.., 

....22.2 

1927... 

_24_ 

_13. .. 

. 4. 

... 9... 

-37.5 

1928... 

_26_ 

_ 18... 

. 5. 

... 7... 

... .27 

1929... 

_30_ 

....25... 

. 0. 

... 2... 

-6.7 

1930... 

Through 

June 

....20.... 

.IS.... 

. 0. 

... 0... 

_ 0 


*Due to load, severity of trouble, speed of clearance of trouble, location 
of trouble, system connections which determine source of power, and to 
protective relays being out of service. 


phase-to-phase faults without a fault current to ground 
is rather remote. As a result of this situation, the 
practise of the past few years has been to abandon 
entirely the use of phase relays, depending solely upon 
ground or residual relays for protection. 

Where two or more lines are connected to a generating 
plant or substation these lines are protected by induc¬ 
tion, current-balanced relays connected in the residual 
connection of the bushing current transformers mounted 
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in the high-voltage oil circuit breakers. The relay 
scheme for single-line operation was changed to provide 
protection for a single line by means of residual direc¬ 
tional relays actuated from the residual connection of 
the current transformers in the breakers and in the 
neutral or the residual connection of the station trans¬ 
formers. 

The question of testing protective relays on impor¬ 
tant transmission lines has been a problem always, since 
to make an over-all test of the relays with the oil circuit 
breaker necessitated that a line be removed from service 
or be made non-automatic during the test. There have 
been a few cases of trouble when a section of line was 
operating non-automatic for relay testing. As a result 
it was decided to eliminate the possibility of an inter¬ 
ruption from this source by installing duplicate sets of 
residual relays for each line, thus providing rela 3 re for 
each of the two oil circuit breakers controlling a Hnp. 
This permits the testing of one set of relays with its oil 
circuit breaker, leaving the line under adequate protec¬ 
tion with the remaining set of relays and oil circuit 
breaker. This latest scheme of protection completed in 
1930 has been installed throughout the full length of the 
220-kv. transmission system. 

As a result of different routing and different substa¬ 
tion connections, the company’s third (Vincent) line 
between Los Angeles and the Big Creek plants has a 
current distribution somewhat different from the two 
other lines, and it has always been a problem to provide 
it with proper protection with the current-balanced 
relays which were satisfactory for the two original 
lines. The two terminals of one of the two sections of 
this line are switching stations not provided with any 
means of obtaining potential from the 220-kv. transmis¬ 
sion line, and for this reason it was not possible to 


provide protection with power-directional relays. As a 
result of this condition, the carrier-current pilot protec¬ 
tion was installed on the 96-mi. Gould-Magunden sec¬ 
tion of the 220-kv. Vincent transmission line and has 
been in service for nearly two years. 

The carrier-current system is similar to the . other 
forms of protection now in use on the 220-kv. system in 
that it provides for line-to-groimd short-circuit protec¬ 
tion only. It may be compared to the pilot-wire relay 
circuit, since the same net results are obtained. How¬ 
ever, an exchange of relay-actuating current does not 
occur with the carrier system which operates instead to 
compare the direction of the two instantaneous residual 
currents at each end of the section of line affected. If 
the instantaneous residual current is in phase (in the 
same direction) indicating that a fault is external to the 
section protected, the equipment operates to lock out 
and prevent the induction overcurrent relays from 
tripping the oil circuit breakers. However, if the fault 
is in the section of line under carrier protection, current 
will flow towards the fault from the energy sources at 
each end of the section and the currents at the two ends 
will be approximately 180 deg. out of phase with each 
other. UndOT these conditions a fault within the 
section is indicated and the- carrier-current receiver 
at each end is rendered automatically inoperative, 
permitting the induction overcurrent relays to func¬ 
tion at both ends to clear that faulty section from the 
system. 

Table II gives a summary of the results obtained with 
this protective equipment. When it is considered that 
the carrier-current system is an iimovation in protective 
schemes, and that a great many problems had to be 
worked out before it was manufactured and installed, 
the results have been quite satisfactory. At each of 
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Schematic diagram indicat- 
ing equipment and method 
involved in using carrier- 
current pilot protection 
system on a 96-mile section 
of 220-kv. transmission line 
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the two switching stations the section of the 220-kv. 
Kne so prot^ted terminates in a set of two oil circuit 
breakers which connect to the two high-voltage buses at 
each station. Coupling between the 220-kv. Vincent 
line and the c^er-current pilot protection is obtained 
by means of oil-filled coupling capacitors connected to 
two of the three phase wires each connected from line to 
groimd, giving what is termed "interphase” coupling. 
This coupling is. made to the same phase wires at each 
end of the section protected, and the same set of capaci¬ 
tors is utilized for transmission of both the relay carrier 
frequency and the telephone carrier frequency over the 

TABLE II—SXJMMAKY OB' OPEBATION OF OARRIBR-OURBENT 
PILOT PBOTBOTION ON A 96-MI. SECTION OF 220-ICV. LINE 

teottble since carrier-cnrrent pilot protection Installed.. 28 

Oases of trouble exterior to section. «« 

Oases of trouble within section. .. 

Correct operations.’ ]. ® 

Incorrect operations... ^ 

same transmission line. Between the coupling capaci¬ 
tors ^d the 220-kv. oil circuit breakers at each station 
^ in^ed carrier-current frequency traps built similar 
to a large choke coil and having a capacity of 800 
amperes continuous duty with an inductance of approxi- 
mtely 70 microhemys. Because of the double use of 
the capacitors, it is necessary to filter the protection 
earner frequency and the communication carrier fre¬ 
quency into their proper channels. 

The relatively heavy volt-ampere burden placed 
upon the bushing current transformers by the carrier 
equipment and the necessity of exciting that equip¬ 
ment from the secondaries of these transformers 
requires that to operate the equipment the fault cur¬ 
rent^ 320 amperes or more. This rather high setting 
has been satisfactory, but if practicable it would be 
durable to obtain a setting of from 200 to 250 amperes. 

u les and experiments by the manufacturers now are 
under way which give promise of obtaining certain 
^ar^tenstics permitting the lower setting to be used. 
The overcurrent induction-type relay which is used is 
cl^^ed to operate at unusually high speed. To ! 
obtain for the carrier protection the greatest speed of ^ 
operation consistent with a reasonable life of vacuum 1 
ut^s, the filaments of all tubes are operated at approxi- 
,nm^y ^ voltage, but with no excitation on the ! 
p a es. Experience indicates a necessity for makinff 
a transmission check of the equipment at frequent ® 
mt^als, and provision to do this every two weeks J 
has been made. 1 


to some four years ago, the 220/66-kv. transmission 
receiving stations were interconnected quite closely 
on the 66-kv. side with the 66-kv. distribution stations 
looped into these connecting lines. The general prac¬ 
tise was to have two or more incoming 66-kv. lines to 
each substation. Reliance was placed upon power 
directional relays to isolate faults, but because of 
the necessity of progressive timing for selective opera¬ 
tion, the possibility of quickly isolating extremely 
heavy short circuits adjacent to the 220-kv. receiving 
stations became even more difficult. Accordingly iiv 
1926 it was decided to begin changing the 66-kv. sys¬ 
tem from a loop to a radial system wherein each of the 
66-kv. distribution stations would be supplied by two 
or more 66-kv. lines from one of the receiving stations. 
Furthermore, every effort was to be made to limit the 
phase-to-phase or phase-to-ground 66-kv. short-circuit 
current to approximately 1,000,000 kva. with an 
occasional exceptional upper limit of 1,500,000 kva. 

With such a plan of operation it no longer was 
nece^ary to rely upon power-directional relays pro¬ 
gressively timed j hence it was possible to take ad¬ 
vantage of the characteristics of current-balanced 
relays wherein the currents in corresponding phases of 
two or more lines balanced against each other. This 
permitted a more prompt clearing of 66-kv. faults with 
consequent improvement in sj^stem operation. The 
decrease in the short-circuit current and particularly 
the increased speed of clearing short circuits due to 
the use of these relays has resulted in a marked decrease 
m a tendency towards system instability at the time 
of 66-kv. faults. ^ an adjunct to the line relays, 
current-balanced residual or groimd relas^s when neces¬ 
sary have been installed and provision made to main- 
^n protection by means of overcurrent or power- 
directional phase or residual relays for single-line 
protection. 

16-Kv. AND 11-Kv. System Protection 


66-Kv. System Protection 

network of the 

CTjth^Cahfoma Edison Company, Ltd., has been 
conpderably particul^Iy from the stand¬ 
point of routine operation and protection. Prior 


Heretofore the usual Edison method of providing for 
supply to 16-kv. or 11-kv. substations was by means of 
a separate feeder or a tap from a feeder radiating from 
a 66-1^. substation. During the past two yeara steps 
have been taken to provide two or more sources of 
supply to these lower-voltage substations, using either 
a scheme of loop operation between two 66-kv. sub¬ 
stations or the preferred-and-emeigency-supply method 
of operation. Recent analysis of the status of these 
lower-voltage substations supplied from the major 

of present there are 

d5 ^nbution substations being operated on the loop 
system, of which 24 stations are operated on the 16-kv 
system and eleven on the 11-kv. system. 

A study of the cases of trouble experienced on 
hnes supplymg these stations shows that 38 cases of 

during the first six months 
of 1930, and that 31 out of the 38 cases were cleared 
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Semi-geographic diagram 
of the transmission lines 
of the Southern California 
Edison Company, Ltd,, 
showing the general plan of 
66-kv. parallel-line supply 
to distributing stations ad¬ 
jacent to major receiving 
stations 
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correctly. In analyzing the seven cases which did not 
operate correctly it was found that two were caused by 
inechanical trouble in the oil circuit breakers, two by 
incorrect relay wiring, one by insuflacient ground cur¬ 
rent, one by the d-c. trip circuit being de-energized, 
and one by unknown conditions. This record shows 
that there is room for improvement; however, results 
were so much more satisfactory than would have been 
e^erienced had the substations been supplied from a 
single radial line, as had been the practise in the past, 
that it is believed that loop operation of low-voltage 
distribution substations is successful and should prove 
a very efficient factor in minimizing service inter¬ 
ruptions. 


An analysis of experiences with the prefen^d-and- 
emer^ncy scheme of operation shows that during the 
&st six months of 1930 there were five cases in which the 
supply had |o be changed over. In that period the only 
case of trouble experienced arose from a minor mechani¬ 
cal adjustment which caused one of the stations to fail 
to function properly. 

Operating Experiences and Resulting 
Conclusions 

For the past several years careful records of the 
imformance of protective relays and automatic oil 
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circTiit breakers have been kept by the Edison com¬ 
pany; Table III is a tabulated summary of 1929 ex¬ 
periences. It may be noted that the trend is towards 

TABLE III—OPEBATION OP PROTECTIVE EQUIPMENT 
220 Kv. to H Kv. Indtuslve 


Year 


1925 1920 1927 1928 1929 

Oases of trouble.1493... 2186... 1799... 1415. 1303 

Automatic switch operations.2368., .3231.. .2831.. .2086... 1923 

Unnecessary switch operations. 278... 316... 287... 161... 70 

Failure of switches to operate. 60... 47... 48... 25... 33 


fewer cases of trouble and consequently, generalizing, 
fewer automatic switch operations. There has been a 
decided deaease in unnecessary switch operations, 
which shows the result of wider application of protective 
relays with better knowledge of their characteristics and 
limitations. Intensive studies of the magnitude and 
distribution of phase-to-phase and phase-to-ground 
short-circuit currents have been of immeTisft value in 
determining proper relay settings for various tjqies and 
locations of faults. 

Decrease in “failure of switches to operate” has not 
been as marked, but these failures in general are the 
result of some form of trouble on the tripping side of the 
protective relays. A tripping coil may become defec¬ 
tive, an auxiliary switch in the tripping circuit may not 
be making proper contact, mechanical faults may de¬ 
velop in the oil circuit breaker operating mechanism, 
or the control wiring may be defective. 

A program of inspection, testing, and careful main¬ 
tenance of the oil circuit breakers, protective relays, 
and tripping circuits is the only means of lessening these 
“failures to operate.” Summing up in brief the results 
of operating experiences with the 9,300 protective re¬ 
lays now installed on the Southern California Edison 
system, the following conclusions seem warranted: 

( 1 ) ^ In the interest of assaimg: a more reliable petfoncumoe of 

the protective relays on the 22(Kbrv. transmission system imder 
conditions of testing and overhauling the protective equipment 
as well as during normal operating conditions, duplicate sets of 
relays are installed. This permits protection to be retained at 
aJlthnes. 

(2) Use of earrier-ourrent pilot protection on a 95-mi. section 
of 220-kv. transmission line has been satisfactory and has shown 
the value of this form of protection under conditions which 
would not permit the use of other forms of protective relays. 

(S) Use of ourrent-balanoed relays and radial lines between 
the i^ky. major receiving stations and the 66-kv. distribution 
staldons has been an improvement over the previous practise of 
loopii^ tiirough the 66-kv. statious betwe^ adjacent 220-kv. 
stations; Elimination of the necessity of dependbig upon pro- 
j^ssively-tinled power-directional relays has speeded up the 
time required to clear faults. 

(4) The practise of looping 16-fcv. and 11-kv. distribution 
stations between adjaoent 66rky, stations in place of the previous 
practise of using single mdial lines has resulted in a marked 
improvement in servioe. 


(5) In rural districts the use of a remote alarm between 
unattended and attended stations to indicate when an oil circuit 
breaker trips out at the unattended stations has lessened the 
time of outage considerably. Private telephone lines or carrier- 
current equipment coupled to the transmission lines permits the 
installation of this remote alarm at a reasonable expenditure. 


Allied Considerations 

Successful application of protective relays on a trans¬ 
mission system is so closely linked with the static and 
transient stability of the system that whenever relays 
are involved consideration must be given to these 
characteristics. Stability is the limiting feature of long 
high-voltage transmission lines which determines the 
amount of power possible to handle commercially. It 
is obvious that the stability of a transmission ssrstem is 
determined by the longest section of line which may be 
isolated suddenly from the system to clear a fault. The 
static stability limit can be calculated readily to 
it plain that if the power demand is such that the re¬ 
duced transmission line capacity will not hold the 
generating and receiving ends of the line in synchronism, 
instability will result. Determination of the transient 
stability limit does not readily permit a definite solution 
since the factors to be considered cannot always be 
obtained with desirable accuracy. However, there is a 
nmnber of outstanding features which can be considered 
and applied to a transmission s 3 rstem which will help 
greatly in maintaining stability under conditions of 
heavy short-circuit currents. Briefly stated these are: 

1. Prompt clearing of faults is of prime importance in 
minimi7iing the loss of synchronism between the generating and 
receiving ends of a line. 

2. A high short-circuit ratio (between 1,6 and 2) in generators 
and S3mchronous condensers aids materially in improving system 
stability. 

3. Quick response or super-excitation for the fields of syn¬ 
chronous machines assists in maintaining transient stability, 

4. The desirability of limiting ground currents so as to reduce 
the power demand on the transmission system at the time of 
faults is well established. This can be accomplished by installing 
current-limiting reactors in the transformer neutrals. 

5. Momentarily decreasing the output of generators at the 
sending end of a long line at the time of faults reduces the likeli¬ 
hood of the two ends of the line dropping out of step. 

6. ^ A knowledge of the stability characteristics of the load 
supplied is helpful in making line stability calculations. 

7. In stnd 3 ring relay problems or predicting inductive 
interference ground impedance along the line must be considered. 
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Resistance Welding 
Improves Motor 
Frames 

The ever present demand for cost 
reduction calls for continual revision of 
manufacturing methods. Motor frames 
as now made from rolled plate instead 
of castings as formerly used represent 
one such revision. Manufacturing 
methods are outlined here; oscillo¬ 
graphic records reveal something of the 
character of a resistance flash weld. 


By Malcolm Thomson 

Associate A. I. B. E. 

General Electric Company 
Lynn, Mass. 


E lectric welding in its vari¬ 
ous phases has been the means of 
reducing the manufacturing costs 
of many industrial products. Three methods of weld¬ 
ing are in common use today; namely, the carbon arc, 
the metallic ^c, and the resistance methods. Of these 
three the resistance method has proved to be especially 
adapted to the welding of electric motor frames, having 
been used for this purpose since 1928. In this way 
motor frames can be fabricated from structural steel at 
a marked saving in cost as compared to corresponding 
cast-steel frames. In addition, these welded frames 
possess the distinct advantage of greater uniformity 
in both dimenaons and structure. 

Steel of the proper width and length for the rings, and 
with necessary allowance in length made for welding 
and sizing operations, is ordered from the mills in car¬ 
load lots. That which has been found most suitable 
for magnet frames is a basic open-hearth-process steel 
of low carbon content. The slabs of the various siz^ 
required for different sizes of magnet frames ^e un¬ 
loaded at one end of the department; these are passed 
to a 1,200-ton hydraulic press which crimps or curls 
the ends to avoid flats and waste of stock at portions 
which cannot be rolled. 

A view showing the steel as purchased and also 
nitrating the various steps in fabrication is given in 
BHg. 1. A typical ring in bending rolls is shown in 
Fig. 2, Attention is called to the vertical plate which 

From •‘Eestetance Welding of Motor Frames,” (No. 31.0) presented at 
the A. I. E. E. winter conven^n, New York, Jan. 26-30,1981. 


insures SiCcursLte dlinement of the ends of the ring during 
the rolling process. Electric motor drive is provided 
for raising and lowering rolls, as well as for the rolls 
themselves. The end section is pivoted and controlled 
by an air cylinder as shown in the figure, thus pro¬ 
viding for quick removal of the rings. 

Prom the rolls the rings pass by conveyer of consider¬ 
able storage capacity, to a specially designed resistance 
flash welder of the Thomson-Gibb type. In Fig. 3 this 
welder is shown in action. The rings are held in place 
with powerful clamps actuated by hydraulic cylinders 
against special aluminum bronze die blocks. The 
operator first separates the ends of the rings slightly; 
then starts slowly feeding the jaws of the machine 
together with a hand-valve control of the hydraulic 
push-up cylinder. 

Current is turned on by a push-button actuating a 
small contactor which in turn controls a large contactor, 
the latter closing the connection of the primary of the 
transformer to the power lines. As the ends of the 
ring meet, first a feeble, then a violent flashing occurs. 
A predetermined amount of metal is flashed off, averag¬ 
ing slightly less than an inch total. The abutting faces 
are brought to the melting point of the steel by the 
flashing process whereas the areas immediately behind 
are brought to a welding heat mainly by conduction, 
but partly by resistance. At the end of the flashing 
period, the full pressure of the hydraulic ram, which is 
about 100,000 lb., is applied, suddenly forcing the 
molten faces together. The result is a perfect and 
homogeneous weld, all burnt or oxidized metal being 
forced out. This welder while rated at 12 sq. in. 
cross-section maximum, is sometimes used on sections 
up to 18 sq. in. The welder has a 760-kv-a. water- 
cooled transformer with an open-circuit voltage of 12 
at the welding jaws. 



Fti. 1 . Successive stages in fabrication of electric 
motor frame from structural steel slabs 
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Due to the severe nature of the service, the demands 
on welding transformers require specM features of 
design. The service is intermittent but large amounts 
of current are necessary, particularly at the final or 
upset period of the welding cycle. In order to facili¬ 
tate repairs, accessibility is an important feature; 
rhence the coils are usually assembled on a straight core 
section, a U-shaped section being then placed in position 
and fastened with bolts and straps to the straight 
section. On 60-cycle supply the core is worked at 
a flux density of from 60,000 to 80,000 lines per 
sq. in. 

The secondary of this transformer consists of a single 
turn usu^y of east copper with tub^ for cooling water 
included in the casting. In larger transformers several 
cast-copper sections are often connected in parallel. 
The ends of the copper secondary are machined, one 
end being fastened solidly to the fixed platen. The 
other end is bolted to a flexible lead made up of many 
thin sections of copper strip, this lead being connected 
to the movable platen. The welding dies are located 
on top of the platens and are made of hard-rolled copper 
or special wear-resisting material, depending on the 
nature of the service for which they are intended. The 
work is very solidly clamped to these die blocks because 
of the push-up pressure required. The cast copper is 
worked at a current density of from 1,800 to 2,200 
amperes per sq. in., the flexible leads at from 2,000 to 
2,400 amperes and the joints at from 400 to 600 amperes 
per sq. in. The dies are worked at about 3,000 amperes 
per sq. in. current density. Wherever possible dies 
and platen as well as the transformer secondary are 
water-cooled internally and to avoid any unnecessary 
voltage drop the length of the secondary circuit is kept 
at a minimum. 

Primary coils of the larger type transformers are 
usually built up of copper strip insulated between 
layers by a sleeve cloth or layer of asbestos paper. The 
coils are impregnated and baked; then wound with tape 
and finally painted. 

Voltage regulation on the primary is obtained either 
by use of a separate auto-transformer or by bringing 
out taps to a regulating switch. Usually there are from 
five to ten points of voltage regulation, the lowest 
being- about 50 per cent of the highest. Since on 
production work the breaking of the current may 
■occur severe times per minute, contactors used 
to switch on the power supply must be able to break 
full load of the welder without imdue arcing or over¬ 
heating. 

Readings taken while weldiiig a section of 18 sq. in. 
show that a primary current of about 900 amperes is 
required during the flashing period with a peak load of 
2,250 amperes at the final or completion period of weld 
when the ring is forced together. The primary voltage 
at the time of. these readings was 236, the transformer 
being supplied from a 60-cycle circuit. At high point 



Fig. 2. Rolling machine for forming steel slabs 
into rings for motor frames 



Fig. 3. A Thomson-Gibb resistance flash welder 
in operation. Magnetic field expels molten 
particles rather forcefully upward 



Fig. 4. A hydraulic press for sizing welded frame 
rings 
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of weld, readings taken show a maximum of 461,250 
volt-amj^res and 252,000 watts power consumption, 
wtach gives a power factor of about 65 per cent. 
The average during flashing was 126,000 watts; 

A 



power consumption with the secondaiy open, 1,400 
watts. ' 

Oscillograph records made on this welder are repro¬ 
duced in Fig. 5. "A” shows conditions at start of Qa s h , 
which consists ^ of a brief interval of short circuit, 
and then open circuit followed by beginning of contact 
of pieces. This represents a period of feeble flashing., 
As the flashing becomes more violent, conditions are as 
shown in '‘B." Toward the end of the flashing period, 
as shown in "C"' when flashing appears continuous, the 
wave form s^ shows no continuous flow of current, but 
rather closely compact intervals of short circuit and 
open circuit. This picture also shows the upset or 
final push-up section of weld. A high-speed oscillo¬ 
gram made near the end of the flashing period is shown 
in “D.” This illustration shows in some detail the 
intermittMit nature of current during this period of the 
weld. 

After the welding operation is completed, the ring is 
removed from the welder by an electric hoist. The 
upset resulting from the welding operation is removed 
by a v^ical motor-driven broach which trims both the 
outside and inside of the ring while the metal is still 
red hot. The rings then pass by a conveyor similar to 
that previously mentioned, to an electric furnace. The 
electric furnace operation, while primarily used for 
heating rings for sizing, is advantageous also in that it 
gives the rings a strain annual . 


o 



Fig. 5. Voltage and current relations at various 
stages in process of resistance weld. From top to 
bottom: beginning offiash period; middle of flash 
period; final stages: and wave analysis near dose 
of flash period 


Rings are heated in this furnace to about 1400 deg. 
fahr. and then pass down a slide to an eight-cylinder 
hydraulic press located in the floor of the. plant as shown 
in Fig. 6. (Part of the flooring has been removed to 
show the construction of the press.) It may be noted 
that in ordw to accommodate various sizes of rings this 
press is so bi^t that each cylinder has a removable head 
portion. Rings are lowered horizontally into the press 
by m^ of an air-operated table and are then squeezed 
to within from 1/16 in. to 3/32 in. of correct size, 
depending on the size of the ring. 

The frames are now complete with the exception of 
feet. The feet are made from steel bent into a “U” 
form in a hydraulic press, and are then cul apart by 
means of a gas torch. Each "U"* makes one pair of 
feet Md by inverting the “Fs,” right and left pairs are 
ob^ned. It is customary to cut all four feet at once 

using a double-torch machine for this purpose. 

The sized rings pass by smother conveyor to arc 
welding stations whae the feet are tack-welded, then 
finish-welded into place. The completed frames are 
then sand-blasted, after which they are'shipped to the 
motor building for machining and assembly. 

By the use of electrid welding of two kinds it has 
been possible to produce frames from 26 to 50 per cent 
cheaper than corresponding steel castings, with the 
added advantage of much greater uniformity in di¬ 
mensions and structure. This, in turn, reflects a 
lowering of the machining costs and the production of 
better motors. 
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Low-Frequency 

Induction 

The present status of joint develop¬ 
ment and research on low-frequency 
Induction as it afiects the closely asso¬ 
ciated circuits of the electric service 
and the communication utilities is 
outlined here. 


characteristics of ground wires. Their frequency of 
occurrence depends upon the design and quality of 
construction employed, and upon the nature of external 
influences. Their duration is controlled by the effec¬ 
tiveness and speed of the relays and circuit breakers. 

The magnitude of the voltages which these residuals 
induce into the communication circuits is principally 
determined by the location of the fault and magnitude 
of the residual current, the length of the exposure, the 
sepamtion between power and communication liwpa^ the 
location of ground connections on the two systems, and 
geological conditions affecting earth conductivity. 


By R. N. Conwell and H. S. Warren 


Associate A. I. E. E. 

Public Service Elec. & Gas Oo. 
Newark* N. J. 


Fellow A. I. E. E. 

American Tel. & Tel. Co. 
New York 
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NVESTIGATIONS being carried on 
by the Joint Subcommittee on Devel¬ 
opment and Research of the National 
Electric Light Association and the Bell System are in 
large measure concaned with induction at power- 
system fimdamental frequency, its disturbing effects on 
communication systems, and remedial measures. This 
commonly-called low-frequency induction, has different 
ehararteristics and produces quite different effects 
from induction at noise frequencies as discussed in a 
companion paper by Messrs. Blackwell and Wills. 
Since very little has been published on low-frequency 
induction, it seems desirable to explain the problem in 
some detail in order to make dear what the joint sub- 
committ^ on devdopment and research is doing on 
this subject. 

Low-frequency inductive disturbances rarely occur 
under normal operation but are due usually to large 
unbalanced (r^idual) currents coinddent with acci- 
dmtal faults in the power system. Although such 
abnormal conditions occur infrequently and usually 
last for only very short periods, the effects may be so 
serious that protection agmnst this type of induction is 
an outstanding problem in the coordination of power 
and telephone systems. 

Residual voltages and currents in effect are single¬ 
phase voltages and currents acting in a circuit consisting 
of the three line conductors in parallel as one side and 
the earth as the other side. Their large inductive 
^ects are due to the great separation between the two 
sides of this earth return circuit, much of the return 
cinient ^ing effectivdy so deep in the earth that its 
neutralizi^ action is small. The magnitude of these 
residuals is determined by (1) the power voltage and 
sr^ply; (2) the impedances of lines, apparatus, earth, 
and . fault; ( 3 ) configuration of conductors; and (4) 

Development and Seeeardh on liOw-lTieqaenoy 
sum preeen^ at the A. T. D. B. -winter convention aa 
rm ALt Of a symposiiuxL on ooordJnatton of povrer and telephone plant. 


Typical Example 

As illustrative of the effect of each of these factors, 
consider an exposure between a three-phase 26 -kv. 
power line and a telephone line: The configuration of the 
conductors on the power line is an equilateral triangle, 
30 -in. spacing, conductors 250 , 000 -cir. mil copper, 
height above the ground 40 ft., fault or residual current 
1,000 amperes with the fault-to-ground at the end of the 
exposure. The exposure is five miles long with a uni¬ 
form separation of 40 ft. between the power and tele¬ 
phone lines; hdght.pf the telephone line 26 ft. The 
assumed conductivity of the earth is 10-“ abmhos per 
cm. cube. Under these conditions, the induced voltage 
in the telephone line will be 1,870 volts. The effect of a 
change in the different factors on the induced voltage 
on the telephone line is as follows: 


_ INnUCED 

CONDITION VOI.TS 

1. Iiength of exposure doubled (10 miles). 3,740 

2. Besidual current reduced to 600 amperes.' '935 

3 . Residual current reduced to 200 amperes. ...!!!,] 374 

4. Separation Increased to 60-ft. !!!,!!..! 700 

5 . Separation increased to 3,000-ft. ... * 34 5 

6. Earth conductivity 10 abmhos ‘ per cm.« (40-ft. 

separation). 2,630 

7. Earth conductivity lO-^^ abmhos per cm.^ (40-ft 

sepamtion).* 3 20 q 

8. Earth conductivity 10“^® abmhos per cm.® C8,000-ft. 

separation). 280 

9. Earth conductivity 10 abmhos per cm.® (3,000-ft. 

separation). 7 Q 2 

10. 2/0-copper shield wire, grounded at both ends, installed on 

power line (zero groimd resistance;. 926 

11. 2/0-copper shield wire grounded at both ends. Installed on 

power line (6 ohms ground resistance). 1,370 


Low-frequency and transient voltages induced on 
commumcation circuits may produce a variety of effects 
depending upon their magnitude and duration. These 
effects may include interruption of service, false signals, 
distortion of telegraph signals, damage to central office 
or other plant, acoustic shock, and electric shock. 

Of the protective measures which reduce inductive 
influence, some are concerned with fundamental 
questio^ of power-system design; others vdth changes 
in circuit or grounding conditions, lines, equipment or 
operating methods. It is evident that protective 
measures to reduce the inductive influence of power 
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systems shoidd be directed to limiting the magnitudes 
of the unbalance currents and voltages, particularly 
^der abnormal conditions, and to reducing the dura¬ 
tion and frequency of occurrence of abnormal condi- 
tions. Some of these protective features are preferably 
mcoiyorated in the system when constructed as a 
result of cooperetive advance planning, while others 
may be added later to care for effects due to subse¬ 
quent developments m either the power or telephone 
system. 

Power System Protective Measures 

Protective measures in the power system, which are 
av^able or under investigation for mitigating or elimi- 
natmg these effects, are briefly described below 

Reduction in the frequency of occurrence of faults 
involv^ primarily the design and construction of the 
powOT line; that is, adequate insulation, clearance and 
spacmgs, and so arranging the component parts of the 
fracture that the line will in effect be fault resistive. 

1 he principal elements which enter this problem are 
(a) design and spacing of conductors including ground 
wire so as to prevent arcing between them under 
exp^ted conditions of sleet and wind loading, (b) proper 
mectacal strength of structures to withstand expected 
loading and (c) design and location of guys so as to 
provide adequate mechanical strength and at the same 
time make the minimum reduction in clearances awH 
insulation. 

The proper location of lines is a material factor in 
limiting the number of outages resulting from external 
sources, such as lightning, broken trees, blasting, and 
automobiles. The amount of insulation to be employed 
on lines should be governed by topographical and 
climatic conditions, and special attention should be 
pven to areas where salt, fog, smoke, or chemical i 
fumes are prevalent. 

Resistors or reactors in the neutral ground connee- 1 
tion of a powqr system provide a means (rf directiy 1 
limitmg the magnitude of the residual currents except i 
in c^s of double faults. In cases where without 
reacting unfavorably upon power system operation, i 
the residual currents can be so far reduced as not to c 
set up induced voltages of high values in the communi¬ 
cation system this method alone may afford a satis- t 
factory solution. In such eases it has the further' c 
advantage of reducing the stresses to the power system fi 
due to the fault cuirent. Where it is impracticable to 1( 
clear up a situation by residual-current limitation 
alone, this method may be effectively used in combina- u 
tion with other protective measures. Included in this ii 
work is a study of the relative advantages of inductance ti 
as compared with resistance for accomplishing such b 
current limitation. d( 

In non-grounded power systems a single fault on a oj 
phase conductor results in the charging current of the ai 
system flowing to earth through the fault. The other ei 


3 s phas^, rising to full-line voltage above the grounded 
ly. phase, create a system unbalance which may manifest 
itself by induction in paralleling communication lines. 
1 - In such cases the problem is one of electric induction 
y except for the magnetic induction set up by the charging 
a current. 

s Ground wires on a power line, while tending to in¬ 
s' CTease the total residual current, serve the purpose of 
e shielding by reducing the strength of the external 
elMtnc and magnetic fields set up by the residual 
voltages and currents. The net effect of ground wires 
from the low-frequency standpoint is to reduce the 
volteges induced in paralleling communication circuits 
g under abnormal power-circuit conditions. Such ground 

. wires, if used on wood-pole Hnes, have a disadvantage 
in that they impair to some extent the insulating 
j proi^y of the poles. 

' • and relays are expensive and it 

[ is difficult to justify them solely as a remedial measure 
, for induction, particularly as the speeds of operation 
now available for relays ^d breakers on power systems 
have not reached values which make them a complete 
solution of coordination problems. However, with the 
increasing size and interconnection of power systems, 
mgh-speed rdays and circuit breakers are playing an 
mcreasingly important part in promoting power sys¬ 
tem rtability. 

'^e subcommittee is following the developments in 
high-spe^ breakers and relays with.much interest; if 
such devices should come into general use for all classes 
of service it is expected that they will materially im¬ 
prove the whole inductive situation. 

Teubphonb System Protective Measures 

In general, measures applicable to the communication 
system to prevent or reduce the effects of induced volt¬ 
ages take the form of arrangements or devices for 
reeving or counteracting the voltages to ground or 
the emrents in the telephone circuits which might be 
produced by induced voltages. 

Protective measures in the communication system 
which are available or under investigation are briefly 
described as follows: 

Bell S3^tem standard protective devices are intended 
to offer a measure of protection against dis- 

diarges and against the voltages and currents resulting 
from accidental contact with foreign wires, or from 
low-frequency induction. 

In order to protect telephone linemen or others work- 
mg on open-wire lines, against dectric shock from 
mduced voltages, it is necessary that the voltages be¬ 
tween line wires and between each line wire and ground 
be kept low. The use of protectors at central offices 
does not so protect the linemen as the impedance drop 
on the line wires pennits high voltages between wires 
and ground at other points, such as the terminals of the 
exposed section. 
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In view of the inadequacy of existing forms of pro- 
tutors for such use, the subcommittee is exptaimenting 
With a relay protector. This device includes Bell 
standard protectors in combination with a relay which 
operates to short-circuit them upon the occurrence of a 
discharge, thus relieving the protectora of the duty of 
the large discharge current and greatly re- 
ducmg their t«idency to become permanently grounded. 

The effective application of such protectors requires 
grounds of the order of one to two ohms, and an im¬ 
portant feafme of the investigation is to devise methods 
of constructing and maintaining such grounds at remote 
points along the line. 

Since aco^c shock due to induced voltages involves 
dissymmetrical discharge amiss the two sides of the 
prot^tor, efforts have been made to devise a protector 
which would break down and discharge symmetrically; 

«. c., provide two reliable, low-impedance paths for 
heavy discharges wWch would at all times have very 
closely the same arcing impedance. Thus far the sub- 
commt^ has not been successful in developing a 
pr^c^ protector of this kind. In cases where toU 
or trunk lines, are exposed, an acoustie-shock-reducing 
devim which could be placed at the ends of the lines 
wo^d have the advantage of protecting subscribere as 
I^®v®lopi»ent work to* obviate 
ce^n difficulties in using such a device is under way 
^d effort IS being made to develop a telephone receiver 
winch ^ saturate between the values of current re¬ 
quired for ^ectiye speech transmission and values of 
cui^t which produce acoustic shock. This requires 
a sha^ bend in the saturation curve of the iron em¬ 
ploy^ m the receiver magnetic circuit. Until the 
development of permalloy, this feature was not ap- 
proai^le, but experimental permaUoy receivers have 
devjoped, and while it has not yet been 
P^ble to a^eve the end sought without serious 
m transmission, work along this line is con- 

Drai^e is a method for controlling the parts of the 
o^t m wluch the induced voltages appeal and cans- 
mg these voltages to be consumed in parts where thev 

inductors to ground (preferably through 
b^ced unped^ce coils) at certain points throughout 
. S, conditions, the appKca- 

inw* IS lumted to qiecial situations where 

m^^ce with circuit testing and maintenance is of 


studied by the mbcommittee to see whether or not the 
objections mmtioned above can be overcome; also to 
detei^ne their field of possible application. 

Shielding on a telephone line may be effected by 
sp^al grounded conductore, by working conductors 
or by cable sh^t^ Miscellaneous structures such as 
pipe lines ^or rails in the immediate vicinity of an expo- 
si^ also introduce more or less shielding. If the lead 
sh^th of the cable is surrounded by magnetic 
fs by armoring or placing cable in iron pipe, the shield¬ 
ing may be largely increased. 

M bearing on the prevention of electric shock from* 
induced volteges on telephone lines, shielding has a dis¬ 
advantage, in that depending somewhat on the method 
of construction, it may add to the chance'of a lineman 
making contact with grounded metal. 

Coordinated Protection 



The neutralizing transformer is a device for intro- 
ducmg into an exposed communication wire a voltage 

induced by the disturbing 
to a ctriain extmit neutoalizing the 

telephone trantaiission and carrier 
transformere has been con¬ 
fined chiefly to telegraph circuits. They are being 
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Joint measures which may greatly obviate the fll 
effects of low-frequency induction are: Coordinated 
Mvance planning in order to effect the most advan- 
tageoim location of new lines, and coordination of 
groundmg practises to obtain separation of power and 
commumcation ground connections. 

The ideal protective measure would be one which 
furnished adequate protection and had no unfavorable 
re^tion from an economic or service standpoint on the 
system to which it is appHed; however, the work thus 
fw hM not disclosed any measure which fully meets 

^ ideal. The relative advantages of different pro- 

t^ve measures differ in specific cases. The best solu- 
non for any case is the one which correctly balances 
techmcal r^ts against* over-all cost. Adequate 
separation of circmts is the most effective measure, but 
where this is not practicable, fault current limitation in 
the power system, and cable (particularly if shielded) 
for the co^unication circuits, afford the most gener- 
My effective protection (where applicable). In many 
muations, no single protective measure is adequate and 
two or more in combination are re(iuired. 

M telephone dicuits which are exposed to induced 
voltages may also be exposed to possible contact with 
^wer ci^te and to lightning, any comprehensive 
Mheme of protection must indude eonmderation of the 
high currents r^ulting from contact and the high volt- 
age due to lightning. The voltages produced by 
conf^t or hghtning are somewhat similar in thefr 
effects to the voltages produced by induction, but differ 
m ^y important respects: Ughtning requires pro- 
tectors of a very high speed of optration, whereas 
wn^^ with power circuits necessitate, protectora of 
mgh-current carrying capacity. 

progi^ of work on low-frequency induction, 
undmtalren by the Joint Subcommittee on Develop- 
m^t and Researoh through its project committees, is 
laid out to develop the essential facts bearing on the 
problem of telephone protection in a broad sense, in- 
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eluding causes, effects, and remedial measures. The 
program covers both the technical and the economic 
aspects of the problem. 

Extensive field trials of the more promising protective 
measures are under way in order to determine their 
practicability under operating conditions. As the work 
progresses it is expected to issue from time to time re¬ 
ports covering the applicability, efficacy, limitations 
and conditions of use of various measures. This should 
result in a better understanding of the problem and more 
effective and economical solutions of specific situations 
as they arise. 

A bibliography listing 32 of the more important 
writings on this subject which have come to the atten¬ 
tion of the authors is given as a part of the winter 
convention paper of which the foregoing is an abstract. 


♦ ♦ ♦ 

Noise-Frequency 

Induction 

The present status of joint develop¬ 
ment and research on noise-frequency 
induction as it affects the closely asso¬ 
ciated circuits of the electric service 
and the communication utilities is 
outlined here. 

By H. L. Wills and O. B. Blackwell 

Associate A. I. K, E, Fellow A. I. E, E. 

Georgia Power Copipany American Tel. & Tel. Oo. 

Atlanta Now York 

O FTEN IT HAS been remarked that 
few problems are difficult to solve 
if all the facts bearing on them 
can be determined. The work of finding out the 
technical facts bearing on the problems of the physical 
relations of power and telephone circuits was intrusted 
to the Joint Subcommittee on Development and 
Research of the National Electric Light Association 
and the Bell System. This paper has to do with this 
fact-finding work so far as it concerns noise-frequency 
induction. 

This joint subcommittee has subdivided its work 
among eleven project committees and has assigned to 

Prom "Status of Joint Dovolopmont and Research on Noise-Frequency 
Induction," (No. 31-32) presented at the A. I. E. E. winter convention 
Part II of a symposium on coordination of power and telephone plant. 


each Ihe carrying on of specific research problems. It 
is not possible in the scope of this paper to discuss these 
various project committees and their work in detail; 
for the most part, results of the work of these project 
committees which have been published, or will be pub¬ 
lished in the future, must speak for them. The work 
on inductive coordination may be classified into three 
groups of factors: 

1. Influence factors which concern the characteristics of the power 
circuits. 

2. Susceptiveness factors, which concern the characteristics of the 
commimication circuits. 

3. Coupling factors, which concern the interrelation of power and 
communication circuits. 

Before discussing these groups of factors it will be of 
interest to review the subject briefly from another 
point of view; namely, according to the methods which 
may be employed for the control of inductive inter¬ 
ference. These methods are as follows: 

Where two systems react unfavorably on each other, 
the first thought naturally is to keep them apart physi¬ 
cally. In cases where the operating power and com¬ 
munication companies maintain dose contact in their 
planning work, this may be a most effective method of 
handling coordination of important power-transmission 
lines and toll-telephone leads. With local distributing 
power and telephone systems, however, the need for 
serving the same customers requires that the systems be 
close neighbors. In connection with the matter of 
physical separation it should be noted that while a 
separation between lines of a few hundred feet prac¬ 
tically eliminates the noise frequency problem, the 
low-frequency problem may exist with much greater 
separations. Where physical separation cannot be 
brought about, the methods of coordination employed 
mustbealongthelinesofelectrical separation. There are 
here three possibilities: Frequency separation, electrical 
balance, and shielding. 

The idea of electrical separation by use 0 / different 
frequencies is familiar to nearly every one today be¬ 
cause of the development of radio broadcasting. It is 
happily true that the frequencies used for power trans¬ 
mission are comparatively low, and the frequendes 
necessary for good speech transmission are ordin^y 
well above this range. The figure shows a diagram of 
the various uses of the frequency spectrum for electrical 
transmission, and the manner in which power and 
telephone services are coordinated by frequency 
separation. 

An important part of this matter of frequency separa¬ 
tion is evidently the question of wave shape in the power 
ss^stems and the relative amounts of power employed 
in the two systems. While the amounts of power at 
harmonies of the fundamental fr’equeney in power 
circuits are negligible in comparison with the total 
power transmitted, they are large compared with the 
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power employed in the telephone circuits, and fall 
directly within the frequency range used for telephone 
transmission. On the other hand, while the powers 
involved in telephone transmission are small compared 
with those on power lines, they are, in turn, large as 
compared with the acoustic power received from the 
•talker or delivered to the listener. 

Electrical balance is another fundamental means of 
bringing about electrical separation. A perfectly 
balanced power circuit could not influence an adjacent 
communication circuit; nor could a perfectly balanced 
communication circuit be interfered with by a power 
circuit. Perfect balance, however, is a virtue which is 
difficult to obtain, and the problems of balance in elec¬ 
trical circuits present some of the most interesting and 
difficult technical questions being considered. 

Shielding is a third possible method of electrically 
separating two systems. The different wires of a 
telephone line have an important shielding effect on 
each other. The most important practical phase of 
shielding is the use of lead sheaths on telephone cables 
which have a most important effect in practically elimi¬ 
nating electric induction in the cables. The method 
is limited, however, by the difficulty of bringing about 
a comparable degree of magnetic shielding. 


FREQUENCIES USED FOR ELECTRICAL TRANSMISSION 
POWCft SVSTEM USiAGE COMMUNICATION SYSTEM USAGE 
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Returning to the method of analyzing inductive 
coordination into influence, susceptiveness, and coupling 
factors, the important influence factors of power cir¬ 
cuits are wave shape and unbalance on the operating 
voltages and currents. Wave shape is determined by 
the characteristics of the apparatus associated with 
the system; and balance is determined by the degree of 
symmetry of the generated voltages and of the ap¬ 
paratus load and line impedances. In order to obtain a 
broad picture of the wave-shape conditions that exist 
in the field of operating power systems equipped with 
various types of apparatus, an extensive survey was 
made including measurements on 84 operating power 
systems in the eastern half of the country. The pro¬ 
gram was arranged to obtain information as to the 
average and range of magnitudes of harmonics present 
in various types of transmission and distribution sya~ 
terns under normal ciperating conditions; to observe the 
relation between this wave shape of generating ma¬ 
chinery under open-rarcuit conditions and under load; to 
study effects of various transformer connections on 
wave shape, and to observe the effects of various types 
and magnitudes of load. The data accumulated are 
being summarized in technical reports which will be 
published upon their completion. 

The important sources of unbalance in power circuits 
are (1) triple-harmonic residual voltages and currents 
arising with rotating machinery or transformers con¬ 
nected in star with neutral grounded; (2) differences in 
the loads connected between tlie phase wires and neutral 
of three-phase four-wire distribution systems; and (3) 
differences in conductor capacitances-to-ground due to 
single-phase branches on thre^phase systems. 

Experience has indicated that the outstanding factor 
is the existence of the triple-harmonic residual voltages 
and currents, A large measure of control may be 
exercised on the magnitudes of the triple harmonics 
by the use of certain transformw connections and by 
avoiding the operation of transformers at high flux 
densities. 

A technical report has been published dealing with 
noise-frequency induction which arises when star- 
connected generators operating with grounded neutrals 
are connected directly or through star-star trans¬ 
former banks to transmission or distribution systems. 
Information is given on methods of reducing the in¬ 
fluence under such conditions. 

A laboratory study of transformer harmonics and 
transformer connections is und^ way; this is to be 
supplemented by tests on large transformers in the 
manufacturers’ shops and in the field. 

The important susceptiveness factors of telephone 
circuits are unbalance, sensitivity of the receiving 
apparatus, and operating power level of telephone 
circuits. 

Unbalanced in toll circiuts are the re^t of commercial 
variation from the balimced condition, the circuits 
being desired to be sjnnmetrical. These unbalances 
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include resistances in joints, transposition irregularities, 
and differences in the impedances of shunt or series 
apparatus. 

Because of the shieldihg effect of the telephone 
cable sheath, the high degree of balance of the terminal 
apparatus and the more general use of private rights-of- 
way, cases of noise-frequency induction into toll-cable 
circuits are comparatively infrequent. 

Certain unbalances exist in exchange circuits due to 
the arrangements used for selective ringing, for coin 
,box service, and for supervisory signaling. These 
unbalances have been investigated in detail and the 
results published in a technical report. Party-line 
unbalance due to the ringer ground is usually the con¬ 
trolling unbalance, so that coordination difficulties be¬ 
tween telephone exchange systems and power disfrt- 
bution systems usually involve the party-line circuits 
before individual line circuits are affected. 


The coupling between power and telephone circuits 
for a given degree of proximity depends upon the 
balance of the two classes of circuits to each other and 
ground. Advance has been made in methods for pre¬ 
determining the coupling in new cases of exposure ^d 
for reducing the coupling in given situations of proxim¬ 
ity. Extensive studies have been made of coupling of 
power-distribution circuits and telephone-exchange cable 
circuits using the same pole lines; the results have been 
published in technical reports. Much work has been 
done also on the coupling of open-wire telephone cir¬ 
cuits both with power-distribution and power-trans¬ 
mission circuits; the results will be published as soon 
as they have been prepared in suitable form. 

Coordinated transpositions of open-wire power and 
telephone circuits are a powerful tool for controlling 
this coupling. Available information is inadequate, 
however, as to the effectiveness of transposition in 
situations where important line irregularities occur 
which it is not possible to take into accoimt in the 
transposition design. The subcommittee is investi¬ 


gating this problem. 

Many of the existing noise-frequency induction prob¬ 
lems have.arisen because of the development of the art 
of the two industries without such do^ cooperation 
between them as now exists. From the work of tins 
joint subcommittee it is becoming evident that wMe 
it is not practicable to design machinery and app^tus 
for power systems to be entirely free of hannom^, or 
to ideally balance either power or telephone wcmts, it 
is possible to control these factors within limits whiM, 
in conjunction with the control of coupling obtmnable 
by cooperative planning of routes and coordmataon of 
transpositions, permit satisfactory operation of both 

services without unduly burdening either. 

A bibliography listing seventeen of the more im¬ 
portant writings on this subject wMch have wme 
to the attention of the authors is given as p^ of 
the winter convention of which the foregoing is an 


abstract. 


Interference in Ocean 
Cable Telegiaphy 

The character of interference which 
may be present near the ends of 
submarine telegraph cables depends 
upon many local factors and can be 
determined only by actual field mea¬ 
surements. Relations between this 
interference and cable operation are 
discussed. 


By J. W. Milnor 

Vellow A. I. B. B. 

Western Union Telegraph Oo. 
New York 


P ERFORMANCE of many submarine 
telegraph cables is affected by 
extraneous electrical interference. 
Often the message capacity is definitely limited by this 
factor. Consequently, it is desirable that the relations 
between interference and the performance of cables 
be studied and methods for measuring interference be 

developed and standardized. ^ 

The most common interference is of natural origin-— 
from the saTwft sources which cause the atmospheric 
disturbances or static which affect radio systems. 
Sometimes there is also interference caused by other 
cables or by electric raily^y or power systems. The 
amount of interference due to natural causes varies 
widely in different cables, being affected by the depth of 
the cable, the design of the core and the sheathing, the 
nature of the sea bottom, and other conditions. In 
general, the amount can be predicted only from 
measurements made in the vicinity. 

Influence of interfCTence upon the operation of cables 
is first discussed under the assumption that the inter¬ 
ference is sinusoidal; this is then extended to include the 
actual interference which is quite iiregul^ in form. 
$nce the computations with non-sinusoidd interference 
are too tedious for general field use, an experimental 
method of measurement is given which may be used 
directly in determinations of the effects upon cable 
operation. 


INTBEPBRKNCE AUb CABLE PBEPOKMAHCE 


If alternating current is transmitted into a cable 
and sinusoidal interfwence of approximately the same 
frequency is present at the opposite end, the relative 


rroni •■SubmariBe Cable Telegraphy: InfluOTce of IntwftffOTce,’' .^o. 
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deflections of the receiving instrument due to these two 
sources may be computed readily from the known 
characteristics of the cable. The deflections due to 
sinusoidal interference of other frequencies and to vari¬ 
ous combinations of telegraph characters received 
through the cable also may be computed; but for this 
purpose it is necessary to know the manner in which 
the receiving equipment responds to sine-wave voltages 
of various frequencies. Such a frequency character¬ 
istic may be computed from theory or determined 
experimentally. For satisfactory operation it appears 
necessary that the deflection due to telegraphic charac¬ 
ters should be at least five times the deflection caused 
by interference. Ordinarily the interference in a cable 
is not sinusoidal. An example of its irregular form is 
given in Fig. 1. 

Knovping the frequency characteristic of the equip¬ 
ment, it is practicable to determine its response to 
various simple forms of transient induced voltage such 
as might be caused by interference. The computa¬ 
tion is straightforward and involves a single, definite 
integration (“Submarine Cable Telegraphy,” A. 1. E E. 
Trans., 1922, p. 200); a number of examples have been 
worked out. It is also possible to compute the effect 
on signal reception of actual interference such as shovm 
in Fig. 1; however, in that case the computations are 
too tedious for use in general studies Of interference. 
Such computations are made unnecessary by the 
experimental method of investigation about to be 
described. 



Fig. I. Record of cable interference obtained 
using distortionless amplifier 



Fig. 2. Record of cable interference with ampli¬ 
fier tuned to 30 cycles per second; decrement » 0.8 


efficient receiving equipment indicates that it is some¬ 
what similar in general form to that of a ample 
electrically-tuned circuit, and the method therefore sug¬ 
gests itself of making use of such tuning while the field 
records are being obtained. Since the quantity to be 
measured is highly erratic in amount such a method 
has been found to be sufficiently accurate for the pur¬ 
pose. The frequency of the tuned circuit must cor¬ 
respond to that frequency at which the cable equipment 
is most sensitive, and the broadness of tuning should 
approximate that of the equipment. 

A convenient arrangement of apparatus for the pur¬ 
pose is an oscillograph connected to the output of a 
vacumn-tube amplifier, the latter having a s 3 rmmetri- 
cally-tuned circuit between two of the stages and being 
otherwise distortionless. The tuning may be provided 
by means of a low-loss inductor and condenser and re¬ 
sistor in parallel, this combination constituting the 
external-plate load of the preceding tube. The resistor 
controls the broadness of tuning, the broadness being 
conveniently specified by stating its logarithmic decre¬ 
ment. The highest peak on the oscillogram is re¬ 
corded as the amoxmt of interference under the given 
conditions. 

A sample record obtained with such equipment is 
shown in Fig. 2; an example of the manner in which the 
peak interference varies with the tuning frequency is 
given in Fig. 3. The measured interference also varies 
with the decrement and with the length of the record. 
The resulting effects on cable behavior may be deter¬ 
mined with the aid of the above discussion on the influ¬ 
ence of sinusoidal interference. 
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Fig. 3. Variation of peak interference with 
frequency of tuned circuit 


Field Measurements 

Obviously the most accurate method for determining 
the practical effect of interference would be to obtain 
records using receiving equipment whidi is adjusted 
to give properly shaped rignals on the given cable. 
This method is not always convenient and has certain 
othOT objections. 

An examination of the frequency diaracteristic Of 
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Impulse Response Curves 

By means^ of a simple experiment it is possible to 
determme (hrectly what may be termed an impulse 
charactCTistic of the receiving equipment associated 
with a cable. This characteristic as here used is defined 
as the transient response of the receiving instrument, 
when an instantaneous or pure impulse of voltage is 
impressed in series (aa*oss a small resistor) in between 
the cable and its receiving equipment. It is interesting 
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to note that when the other is known either the fre¬ 
quency characteristic or the impulse characteristic 
may be computed by means of an integration. In 
order to determine the impulse characteristic escperi- 
mentally, a charged condenser of proper size may be 
discharged across the resistor. An examination of 
such a characteristic yields valuable information as to 
the approximate frequency at which the equipment is 
tuned, and also gives an indication as to the sharpness of 
tuning and the sensitiveness. 


♦ ♦ ♦ 

Transforming Reactor 
Improves D-C. 

Are Welding 

Transients normally prone to occur in 
a welding generator are eliminated by 
compensating action of a simple device 
external to the generator; desirable 
external reactance also is provided for 
a welding circuit. 

By S. R. Bergman 

Associate A. 1. E. E. 

General Electric Company 
West Lynn, Mass. 

A rc welding, particularly when 
applied to ferrous metals has de¬ 
veloped during the last decade 
into an art of great importance in industry. As this 
art progressed, the requirements for a proper power 
supply has been studied with the view of obt aining 
uniform and great strength of welds as well as ease in 
welding. To meet this demand, a motor-generator 
set has been developed and in addition, an auxiliary 
device of inductive character to aid the generator in 
producing ideal welding conditions. 

Requirements for the generator may be stated briefly 
as follows: 

1. Tho open-circuit voltago was chosen to range from 70 to 90 volts 
because experiments had shown that it is desirable to have this voltage 
above 70. With less voltago available, tho arc has a tendency to break 
as it is elongated by unsteady welding or by the blowing from influences of 
external magnetic fields. This voltage is required also to break through 
scale on tho iron. Tests have shown also that there is no advantage 
derived from a voltage higher than 80, although a margin of 10 volts above 
this to compensate for the voltage drop in long leads is advantageous. 


From “A N w System for D-0. Arc Welding,** (No* 31-19) presented at 
the A. I. E. E. winter convention. New York, Jan. 26-30,1931. 


2. The arc voltage runs from 14 to 26 depending upon the strength of 
the welding current. Thus it is required that the voltage of the generator 
should drop Inherently from an open-circuit voltage of 70 or 80 to an arc 
voltage of 14 to 25. Regulation of the generator, as shown in Fig. 1, gives 
approximately a straight-line relation between voltage and current. 

As illustrated in Pig. 2, the generator principle 
involved is that of a dual magnetic circuit. The 
armature is wound for two poles and the field contains 
four poles; in general, the armature should be wound 
for half the number of poles contained in the field. 
In d-c. machines of standard design adjacent poles 
have opposite polarity, but in this machine the poles 
are paired in groups of the same polarity (a group of 
two north poles followed by a group of two south 
poles). 

To establish a working theory, assume that the flux 
distribution is as in Fig. 2. There exist two fluxes 0m 
and 00 displaced 90 electrical deg. from each other. 
The flux 0m will be designated the main flux, and the 
flux 0c, the cross-flux. 

Load current of the armature is taken from the 
two brushes, A and B, placed at neutral points between 
pol^ of opposite polarity. In addition there is an 
exciting brush, E. This machine is self-exdted, the 
^citation being taken from brushes A and E in Pig. 2. 
The main magnetic circuit is so designed that magnetic 
^turation exists, whereas the cross-magnetic circuit 
is designed without saturation. As soon as the arma¬ 
ture is loaded there is set up an armature reaction R, 
which may be resolved into two components R in 
the direction of the main flux and R C in opposition to 
the CToss-flux. Since the main magnetic circuit is 
saturated, component R M caimot force any more flux 
through this circuit and the main flux remains practi¬ 
cally constant. Component R C, however, blows out 
the cross-flux which thus decreases as the load increases. 
Machine voltage A B is the algebraic sum of A R and 
E B. ^ Voltage A R is induced by the main flux and 
remains practically constant since the main flux and 
the speed are constant. Voltage E B, however, de¬ 
creases with the load since the cross-flux decreases as 
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Fig. 1, Generator characteristics 
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Fig. 2. Schematic diagram showing principles 
of generator and method of connecting trans¬ 
forming reactor 


described. As a matter of fact, the <a^ss-flux passes 
through zero and is finally reversed. 

If it is desired to weld with smaller currents, a series 
winding is placed on the cross-poles supporting the 
armature reaction. It being desirable to obtain differ¬ 
ent welding currents, the series winding is provided with 
taps; and to secure close adjustment of the welding cur¬ 
rent a field rheostat is inserted in the cross-circuit. 
To obtain good commutation, commutating poles are 
added. 

This design results in a set of welding currents as 
shown in Fig. 1 which particular curves^apply to a 
machine rated at 800 amp^s and capable of delivering 
a minimum of 75 amp^es, and a maximum of 460 
amperes. 

In actual welding the current is never constant 
because the circuit frequentiy is short-drcuited by small 
globules of metal and because the dectrode is not fed at 
exactiy the proper rate, particularly in hand welding. 
Under such conditions, transient currents and potentials 
tapped in the generator and. the regulation deviates 
from the carves shown in Fig. 1, which correspond to 
static conditions. In striking the arc, the current 
over^oots its steady value, and in breaking the arc a 
certain time interval is required for the voltage to return 
tb: its normal open-circuit value. It is desirable that 
the short-circmted current should not be excesave, 
and it is al^ desirable to have the voltage build up 
rapidly. 
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To cope with these transient conditions, a special 
inductive device which may be called a transforming 
reactor was developed. (Pig. 2) The primary winding 
of this device is connected in series with the arc, 
and its secondary winding in series with the shunt 
field of the cross-magnetic circuit. These two wind¬ 
ings are connected in such a way that the direct cur¬ 
rent flowing through them will magnetize in the same 
direction. 

The function of the transforming reactor is to provide 
external to the generator a magnetic coupling between 
the arc circuit and the field circuit, which coupling will 
be opposite in effect to that between the two circuits 
within the generator. Suppose that the arc is suddenly 
broken; then the ampere-turns of the arc circuit (both 
in the generator and in the transforming reactor) 
suddenly disappear and since the secondary windiag 
attempts to maintain the mutual flux, the secondary 
current has a tendency to increase and counteract the 
tendency of the generator magnetic circuit to make it 
decrease. Thus the transforming reactor tends to keep 
the cross-shimt field current constant regardless of 
changes in the arc-c\irrent. The result of this is to 
make the voltage build up more rapidly to its normal 
value when the arc is brokai, and to limit the peak 
value of current when a short-circuit is made. 



Fig, 3. Oscillographic record of action of com¬ 
bination of Fig. 2 under conditions of suddenly- 
applied and suddenly-relieved short circuit 


To illustrate the principle of this generator in con¬ 
junction with the transforming reactor an oscillogram 
is shown in Fig. 3, showing what happens when the arc 
is Short-circuited and the short circuit immediately 
thereupon opened is given in Fig. 3. The steady value 
of the short-circuited current is I, and the transient 
value i is quite small. When the short circuit is 
removed, it may be noted that the generator volt¬ 
age builds up to the open-circuit voltage, V, almost 
instantaneously. 

This oscillogram proves that the transforming reactor 
fulfills its purpose in praictically eliminating the tran¬ 
sients, making the generator, during sudden changes of 
arc cTirrent, follow the r^ulation curves obtained under 
steady conditions. 

To function ideally, tins device should be detigned 
in such a manner that the mutual induction between its 
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two windings is the same as the mutual induction 
existing between the cross-magnetic shunt winding and 
the armature winding with its series winding. 

Lot Ni — total elFectivo number of turns on the cross-axis of the generor 
tor carrying the welding cuiTent. 

jVg = total number of cross-shunt field tui'ns. 

m = number of turns on th© transforming reactor carrying the 
welding ciiiTeni. 

m - number of turns on the transforming reactor in series with the 
, cross-shunt field. 

F «= cross-dux per ampere-tum of the generator 
/ * mutual flliix per ampere-turn of the reactor. 

The design of the transforming reactor should then satis^: 

f Xni X /i2 “ XF XNi XN2 
The minus sign is used, since the two windings on the transforming re¬ 
actor support each other, whereas in the generator corresponding windings 
oppose each other. In order to eliminate all transients. K should be equal 
to 1, however, fractional values of K give very good transient performance. 


Experience has shown that to stabilize the arc, a 
certain amount of series reactance in addition to genera¬ 
tor reactance is necessary in the arc circuit. This addi¬ 
tional reactance is supplied by shaping the magnetic 
circxiit of the inductive device so as to enlarge its pri¬ 
mary leakage. (Fig. 2) Thus the transforming reactor 
has two fluxes; namely, the mutual flux which links 
both the primary and the secondary windings, and the 
primary leakage flux interlinked with the primary 
alone. 

Experiments have shown that this combination welds 
with great ease both fojr hand and automatic welding. 
It lays down the metal with ease and accuracy under all 
conditions met in welding, and produces welds of uni¬ 
formity and sta*ength. 


♦ ♦ 


Electricity in 
Modern Dairy Plants 

With the advent of the Electropnre 
method of pasteurizing, in which elec¬ 
tric current is actually passed through 
the milk, the modern dairy is taking its 
place among the Important users of 
electricity. Other uses of electricity ini 
such plants are also described. 

By A. J. Dretix and H. C7. Brunner 

Non-member Associate A. I. E. E. 

Rieck-McJunldn Dairy Oo. Westinghouse Elec. & Mfg, Oo. 
Pittsburgh East Pittsburgh 

M odern electrified dairies such 
as the main plant of the Rieck* 
McJunkin Dairy Company in 
Pittsburgh should be of particular interest to electrical 
engineers especially since the power survey recently 
made in that plant on the question of purchased power 
vs. gas and steam-engine generation. The desirability 
of the electric load for such a modem dairy plant is 
indicated by the fact that under the proposed operation, 
the average monthly power consumption would be 
242,965 kw-hr. at 94.2 per cent poww factor. The load 
demand is quite uniform throug^iout the year as indi¬ 
cated by the fact that the greatest maximum monthly 

. Vmm "A Modem Eleetdfled Dairy Plant," (N . 31 >88) presented at 
tile Middle Baetem District meeting ot the A. I. B, B., Pittsburgh, Pa., 
March 11-13, issa. 


demand is 962 kva. and the average maximum demand 
is 887 kva. 

Under the proposed operation, all d-c. motors with 
the exception of those operating elevators would be 
replaced with three-phase, 60-cycle, 220-volt motors. 
Existing steam- and gas-engine-driven generators would 
be shut down and the present total electrical require¬ 
ments purchased from the Duquesne Light Company, 
by whose power and steam survey division the study 
was conducted. Data and comparisons presented in 
this report indicate an annual saving of approximately 
$7,500 in favor of purchased power over present steam 
and gas-engine operation in which the annual power- 
plant operating charges are approximately $175,000. 
This saving is due principally to reductions in coal, 
labor, gas, and repairs. 

UndCT present operation, the 680-ton capacity of 
refrigerating machines, and most of the power-plant 
auxiliary equipment, is steam-driven, and no im¬ 
mediate change in this arrangement is -being, con¬ 
sidered by the dairy. The power ^survey therefore did 
not include a study of advantage obtainable by the 
electrificaticm of this part of the plant although a few 
brief comments on the subject are included iji this 
article. , 

Plants such as the Rieck-McJunkin main plant will 
average about fourteen receiving stations where the 
milk is cooled and fed to large heat-insulated tank 
trucks. The electric motors installed in each of these 
stations will total froni 25 to 76 hp., depending upon 
whether or not the station also has milk-condensing 
equipment, butter chums, or ice cream equipment. 

Upon arrival at the main plant, the milk (after re- 
cooling) is fed by gravity into the pasteurizing room, 
(Pig. 1) and collects in two small constant-level tAwIra 
equipped witii float valves. The equipment shown in 
Pig. 1 occupies floor space of 18 by 30 ft. with a maxi¬ 
mum height of 10 ft., and consists of six Electropure 


April 1931 


285 



units which pasteurize and cool to bottling tempaature 
(40 deg. fahr.) 13,200 qt. of milk per hour. 

In the Electropure process, pasteurization is accom- 



Fig. t. A pasteurizing room OQuipped^ with six 
2,200-gt. per-hr. Electropure process units 


plished by an electrical-conductivity method by 
actually passing electric current through the milk. 
The heat of pasteurization is generated within the body 
of the miik itself during the time the milk is being 
pumped through a rectangular chamber, the ends of 
which are formed by two carbon electrodes. These 
electrodes are connected to the conventional 220-volt 
power supply and for a 2,200-qt.-per-hr. unit, they are 
32 inches long and four inches wide; they are spaced 
three inches apart. Such a unit consumes 48 kw. per 
hour. 

Electrical resistance offered by the milk to' the flow of 
the electric current causes the temperature of the milk in 
the electrode chamber to be raised quickly. If either 
this deciriftal resistance of the milk or the powo’-supply 
voltage changes, the amotmt of heat generated within 
the diamber will change. In actual operation both are 
varying continually, and some means must be provided 
for regulating accurately the rate of milk flow to com¬ 
pensate for these, and to maintain a practically con¬ 
stant temperature at the outlet of the chamber. In 
addition, it is necessary bo compensate for changes in the 
temperature of the raw milk supply. Limits of the 
practical opwating range are set at the low-temperature 
limit by health codes, and at*the upper limit, by the 
critical eye of the housewife. If the temperature drops 
too low, pasteurization will be incomplete; if 'the 
temperature rises too high, the amount of cream show¬ 
ing in the top of the milk bottie will be decreased. 

On the six imits shown in Pig. 1 the electrode chamber 
outlet temperature is regulated by means of a hand- 
operated micrometer vjdve and a controller which pro¬ 


vides three speeds for the milk-circulating pump. The 
units in Mg. 2 are equipped with recenliy-developed 
supervised automatic control. This supervised auto¬ 
matic control was developed by Westinghouse to 
simplify the operation of the process, eliminate the 
possibility of human errors, secure an accuracy of tem¬ 
perature control not dependent upon the skill of the 



Fig. 2. Recent Electropure process installation 
equipped with supervised automatic control 



opaator, and make unnecessary constant attention 
by an attendant. 

Should some abnormal condition cause undertreated 
milk to be circulated in the units equipped wi]th these 
recently-developed controls, the control automtically 
stops the circulating motor and indicates to the operator 
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what has occurred so that he may make the adjustment 
necessary to return the system to normal operation. 
This me^s that the operator may spend practically all 
of his time on other work; and since the control is 
accomplished entirely by adjustments in the electrical 
circuits, the control station may be located in a labora¬ 
tory or any other room adjacent to the pasteurizing 
room. 

In the Rieck-McJunkin plant, the cooled milk flows 



Fig. 4. An ice cream kontogenizer which in 
reality is a special form of high-pressure pump. 
It is equipped with an ammeter to indicate the 
Operating pressure 


hours less time with dght less men and two less 
bottle fillers. 

The other milk products are obtained by similar 
careful processes, the details of which will not be given 
here. A few illustrations of the more important ma¬ 
chines are presented, however, and their power require¬ 
ments and load characteristics mentioned so as to give 
a more complete picture of the electrical apparatus. 

The homogenizer (Fig. 4) is in reality a high-pressure 
pump which, depending upon its size, will require a 
motor of from 16 to 40 hp. By forcing the ice 
cream mixture through a specially designed orifice, 
this machine produces ice cream of even and fine 
texture. 

In the freezing of ice cream, electric meters (Fig. 6) 
are used to record the freezing action. As the mixture 
freezes, the motor load increases; when the cream is 
prop^ly frozen, the refrigeration valve is closed. The 
fre^ng is stopped, but the mixing continues until the 
whipping action has incorporated the correct amount of 
^ to give the desired light, creamy appearance. This 
is known as the “over-run,” and since the motor load 
deceases during tins period the correct amount of 
whipping is also indicated by the meter. 

Electrically-driven delivery trucks are frequently 
used by some of the large dairy plants, particularly 
those in cities where the routes are level and few hills are 
encountered. The ease of controlling the truck firom 
either side, and the absence of gas fumes,' maVp this 
type of truck especially desirable. Two 200-kw. 
motor-geuM-ators with a panel board (Fig. 6) are used 



Fig. 5 . Drawrite freezer meters and controls for 
regulation of the ice cream freezing process 


from the Electropure units to the bottle fillers by 
gravity, an automatic chain-conveyer system feeding 
fresh, clean bottles to and from the fillers (Fig, 3). 
This conveyer system is driven by deven 2-hp. squirrel- 
cage electric motors, and its installation enabled the 
dairy to handle the same amount of milk in two 



Fig. 6. Two 200-kw. battery-charging motor- 
generator sets and switchboard installed at the 
Borden dairy plant in Chicago for charging the 
batteries of electric milk-delivery trucks 


for charging tiie batteries of trucks opdating from a large 
Chicago dairy of approximatdy the same size as •the 
Rieck-McJunMn plant. 
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Cracking Oil 
by Electricity 

Low-grade oils formerly wasted now 
are “cracked” to form gasolines and 
other highly volatile oils. Some of the 
problems encountered in developing a 
reliable electrical process for accom¬ 
plishing this are discussed in rtiig 
article. 

By Herbert R. Rowland 

Member, A. I. B. E. 

Moody Engineering Company. New York 

F )R many years, in this country 
andabroad, attemptshavebeenmade 
to use either silent corona discharge 
or the electric arc for the breaking up of heavier groups 
of hydrocarbons into lighter groups. It now is practical 
to manufacture gasoline by the corona method, the 
resulting product being a high-grade motor fuel. 

In ihe cracking operation, heat must of necessity be 
supplied. When the electric arc is used heat is naturally 
furnished by the arc but is so intense that undesirable 
elements are formed which cannot be removed except 
at considerable loss and expense. When the corona 
method is used the amount of heat dissipated is too 
small to carry on the cracking operations and therefore 
heat must be supplied from some other source. 

Probably the most consistent operations in electrical 
asking have been carried on during the past thirteen 
years in Kansas City. This work was started Tising 
coronas produced by means of high-frequency circuits, 
but for mimy years insufficient gasoline was produced to 
piiove the mdustrial or commercial worth of the process. 
This was due to two major causes; namely, the frequent 
breakdown of insulators resulting from the hijdi tem¬ 
peratures ujsed for vapor-phase cracking (900 to 1,150 
deg. fahr.) and. the ejrfxemely high power consumption 
whi<h. was due to losses in the attendant high-frequency 
apparatus, the over-all electiical effimency of whidh 
was less than 0.5 per cent. 

At this point in the development about seven years 
ago the writer was assigned the task of canying on 
tins work. At the outset it appeared both useless and 
UMecessary to continue with the costly and ineffiicient 
high-freqtiency method for producing the silant corona 
dis^iarge. ' 

. The bibliography of the matter seemed to show quite 
wn(^ve^tiiat the voltage required for corona forma¬ 
ts ahd ^t|nt discharge was governed mainly by (1) 

a paper InfornaDy mreseated before the A. I. B. B. Eansae Oity 
8ectlQii,Ap^22> 1930/ 


the size and composition of the wires or surfaces be¬ 
tween which this silent discharge takes place, (2) the 
distance separating these two surfaces, and (3) the vapor 
tension of the enclosed medium. 

Before making any major change in the character¬ 
istics of the electric circuit then in use, the writer 
consulted vtith the late Dr. C. P. Steinmetz, to whom he 
wishes to give full credit for the ideas, encouragement, 
and assistance he received from this conference. Early 
it was seen that the major part of the problem was 
concerned with voltage and insulation. Voltage re^. 
quired for silent corona discharge was found to be 
dependent upon both the size and composition of the 
wires or surfaces on which the phenomenon was to 
take place. 

^ Steel, copper, nichrome, tungsten, and metal combina¬ 
tions, all have their different corona voltage charac¬ 
teristics. Other conditions being satisfied, metallic 
tungsten wire probably produces corona at a lower 
voltage for a given diameter than any other metal. 
However, due to its liability to oxidize when heated in 
^ atmosphere containing even a small amount of air 
it was not suited for this work. 

Nichrome-steel wire due to its extremely high elastic 
strength and its resistance to oxidation when heated in 
the presence of air was adjudged the most suitable 
metal. 

The other side of the electric circuit consisted of the 
inside of a 12-in. pipe, it being necessary to handle in a 
completely enclosed system highly superheated volatile 
and explosive gases, such as vaporized oils. 

The corona wire must be axially in the direct center 
of the reaction tube. Therefore it must be centered at 
the top of the tube by some type of insulator and at the 
bottom of the tube by another insulator which would 
hang as a weight on the wire, keep it axially taut in the 
tube, and prevent movement which might be caused 
by the flow of .the vapors in the tube. A weight of 
^ lb. was found to be sufficient to keep the wire taut. 

It was finally found that No. 26 B&S gage was the 
smallest mchrome-steel wire that would support the 
M-lb. weight without stretching when heated to a 
temperature of 1,300 deg. fahr. This size and type of 
wire was therefore selected as possessing the best 
obtainable combination of the mechanical and electiical 
properties required for this work. 

The next problem consisted of the selection of a 
suitable insulator; with proper allowances for safety 
factor an insulator for this work must meet the follow¬ 
ing severe requirements: 

1. Operate contlnu6usly at 37.5 kv.. 60 cycles ^without puncture. 

2 . Withstand a 45-ky.flashoyer. 

3. Must be made of smooth material and built 'Without petticoats so as 

not to have lodging places for local deposits. 

4. Must not (^ange shape or form at temperatures as high as Xi350 
deg. fahr. 

6. Must Tielthstand this temperature on the bottom half, the upper half 
being at room temperature,'without cracking. • 

6. Must have sufficient mechanical strength to prevent crushing when 
fastened securely In a stuffing box against hot vapor pressure. 
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A study was made of the various materials from which 
an insulator of the foregoing requirements could be 
safely and economically manufactured. Glass, lava, 
and porcelain were tried, but it was found that these 
substances punctured at temperatures only slightly 
higher than the boiling point of water. These sub¬ 
stances had a further extremely bad fault in that the 
part protruding from the reaction tube and projecting 
into the air, crabked and broke off when the part re¬ 
maining in the tube was heated. 

As a last resort fused quartz was tested and while the 
puncture temperature was only about twice that of 
oth^ materials, the outer end of the quartz tube would 
not crack and break off when the enclosed part was 
heated to a high temperature. As long as the quartz 
was mechanically sound it was thought that if the 
insulator were made large enough it would act as a 
filler for an air-gap distance which would itself be of 
sufficient width to prevent a discharge between elec¬ 
trodes. 

Accordingly, many runs were made on enlarged 
insulators and while some of them operated satisfac¬ 
torily for nearly 100 hr., others would puncture in less 
than 8 hr. 

In order to separate the two electrodes still further 
the next step was to set the quartz insulator in a disk 
about 8 in. in diameter and one inch thick. While a 
combination of the tube and disk prevented puncture, 
in order to prevent leakage of the vapors past the disk 
it had to be placed in a stuffing box. Here it was found 
that quartz when heated and held firmly in one dimen¬ 
sion would give no trouble from thermal expansion, 
but if confined in more than one dimension would 
shatter when heated. After several of these disks 
had broken, resulting in serious fires, this idea was 
abandoned. 

Continued investigation led finally to the adoption 
of an oil-cooled insulator as shown in the accompanying 
illustration. As may be seen, this insulator consists of 
a tube of clear quartz of sufficient length to prevent 
flashover, enclosed over a part of its length in an envel¬ 
ope made from a larger diameter of quartz tubing. 
This outer envelope is fused to the inner tube at the 
bottom, the top being left open. Cooling oil is circu¬ 
lated in the annular space between the inner and outer 
tubes. An annular rubber cork is inserted in this 
space at the top of the outer tube through which two 
metal tubes sealed with a special cement extend into 
the cooling chamber. 


The outer ends of the tubes carry threads that will 
fit a y^ia. pipe-thread union. To these are connected 
well annealed copper tubing through which the cooling 
oil is led to and from the insulator. To prevent possi¬ 
ble short-circuiting or electrical rupture on account 
of the metal tubes, a long piece of bakelite tubing is 
installed in each tube circuit which effectively , breaks, 
their electric continuity. 

The central electrode runs down through the innar 
quartz tube, this electrode being made of flexible 
copper wire and brazed to the corona wire; this in tmn 
is fused into the quartz, thus making a vapor-tight 
joint. 

An insulator for use at the bottom of the reaction 
tube presented a much simpler problem, it was neces¬ 
sary only to provide sufficient weight to keep the wire 
teut and enough length to prevent flashover. This 
insulator has been made in two parts; a strip of metal 
containing a proper sized hole is first welded on the 
iimde of the reaction tube so as to bring the hole 
directly in the center of the tube; into this hole is 
slipped a quartz thimble. Fastened to the corona wire 
is a quartz tube approximately 18 in. long, loaded with 
quartz sand until it weighs exactly % lb. This tube 
is slipped through and hangs loosely inside of the 
thimble. The combination of tube and thimble gives 
great flexibility, combines a long flashover length with 
a small air-gap, and in case of any variation in iJie 
thermal expansion of either the reaction tube or the 
vrire permits automatic adjustment. This combina¬ 
tion has given no trouble except in those cases where the 
corona wire broke. 

Apparatus for supplying high voltage is extremely 
simple; a 33-kv. step-up transformer is used connected 
on the low-voltage side directly to 220-volt, 60-cycle 
mains. This transformer contains sufficient built-in 
reactance so that in case of a short circuit on the high- 
voltage side there would be no abnormal rush of current. 
One high-potential lead is connected through discon¬ 
nect switches to corona wires in the various reaction 
tube insulators, the other lead being connected directly 
to the reaction tubes and solidly grounded., A volt¬ 
meter connected across the primary terminals of the 
transformer, which ordinarily reads the impressed 
e. m. f. will read zero thus giving an indication of 
trouble in case of a punctured insulator or when a 
broken corona wire touches the surface of the reaction, 
tube. 

It is not thoroughly understood just what part this 



OooUng tubes Mata Insulator Corona wire Bottom bob Bottom thlmbl 

Insulators for oil cracking by the silent corona discharge method. In service the assembly normally 
hangs suspended from the l^t-hand end as shown here 
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silent corona discharge plays in the cracking process; 
however, three theories have been advanced as 
follows: 

1. More perfect ionization of the vapors is produced by the 
corona discharge and therefore a more complete cracking takes 
place. This is known as the electrothermal theory. 

2. Corona discharge sets up an agitation of the vapors and 
a possible electronic bombardment of oil atoms against the hot 
walls of the cracking tube, thus insuring a more perfect heat 
cracking. This is called the electromechanical theory. 

3. The electroprecipitation theory, according to which gas¬ 
oline is precipitated by the corona from the other vapors in the 
tubes, thus causing a clearer separation of the gasolines from 
the uncraeked oils. 

Since the amount of power used for five tubes han¬ 
dling a total of ten barrels of oil per hr. at a power factor 
of not more than 10 per cent is less than one kilowatt, 
this appears too small to accomplish a great deal of 
ionization. In the c^ of the electroprecipitation 
theory it seems impossible to precipitate a vapor from 
a vapor, since in these tubes at the temperature main¬ 


tained all of the oil passing through must be in vapor 
form. 

On the other hand it seems entirely feasible, to 
consider an electron moving thixiugh an appreciable 
distance in space and either carrying with it or driving 
before it a molecule of hydrocarbon in the vapor form. 
At last a surface is reached which permits no further 
movement of the oil vapor molecule, but whioli readily 
absorbs the electron. The impact of this molecule 
can be very great and the pressure at impact can run 
into large amoimts, thus causing cracking by both 
pressure and heat when the force is expended xigainst 
the hot wall of the reaction tube. It therefore seems 
that the violent agitation of the vapors by the silent 
corona discharge is undoubtedly of prime importance 
in the complete cracking of the vapors. The.se fads 
would tend to support the electromechanical theory. 

The ^oline produced by this process const! lutes in 
itself, without blending the saturate, unsatunite, and 
aromatic groups, a fuel that has not only high anti¬ 
knock value but also more miles per gallon i.han 
“doped” fuels. 


♦ ♦ ♦ 


Field Test on 
Thyrite Arresters 


, A study of the performance of Thyrite 
lightning arresters when subjected to 
wdficlal lightning discharges of 
1,500,000 volts has been made. The 
results obtained under dlfilerent operat- 

mg conditions are discussed In some 
detail. 


By K. B. McEachron and E. J. Wade 

Member A. I. E, B. ^ ^ - 

AfiBociate A. I. E. E. 


General Electric Oompany 
PittsDeld, Mass. 




TUDIES with natural , ugr 
detonnine the form of waves ^ 
. , appear in service while 

f ^ repeated at wil 

^(hed completely) is best used to disclose th< 
formance of lines and apparatus. 

^ng the last two years, investigations have 
made m cooperation wit h the Consumers Power 
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pany on th^ S-19 Une which is about 45 mi. long. 
V^ous subjects were studied but this paper deals only 
with the tests made on lightning arresters during the 
summer of 1930. 

oscillograph was especially 
^ for this work by one of the authors (E. .1. 
afp« ’ f eold-cathode type and ineorpor- 

oSatioT 

The mpul^ generator was located at the end of the 
me and consisted of 60 banks of oil capacitors, each of 
0.5 ^., and charged in parallel to 25 kv. The open- 
circmt voltage when discharged in series was 1,500^000 



l,S00,m.voH impulse generator connected to line 
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volte. T^he lightning arresters being studied were 
looted 1.5 mi. away from the impulse generator, 
inis distance was chosen as being far enough to give 
^e traveling-wave conditions but not far enough for 
the waves to be reduced too much by attenuation. 

Methods of calculating the performance of the 
lh3mte arrester under any assumed condition have 
been developed and the first teste were made to check 
these calralations for ratings up to 220 kv. under three 
line conditions; *. e., line continuous, line open, and two 
lines in pai^lel. These correspond respectively to the 
awester being located at a point on a line, at the end 
of a single line, and connected to a bus with two out¬ 
going lines. The agreement between the test results 
and calculated values is very good. It was found 



MICROSECONDS 

Impulse wave-shape at points between generator 
and arrester. Note that protection does not 
extend far beyond the arrester 


justifiable to add the ground resistance in calculating 
the arrester perfonnance. If the arrester and apparatus 
pounds are bussed together the protection will be 
independent of ground resistance. 

The effect of a flashover on the line before the wave 
reach^ the arrester is an interesting condition which is 
met with very frequently in practise. Teste were made 
to show what happens both without any arrester and 
with a 69-kv. arrester located three spans beyond the 
flashover point, which consisted of five insulator disks. 
When the arrester was connected, the flashover 
was delayed two and one-half microseconds and the. 
oscillations were effectively suppressed. The point of 
flashover was too faraway to be protected by the 
arrester. 

Another series of teste of great interest was the 
measurement of voltage at various distances from the 
arrester. It was found that arrester protection does 
not ®ctend much beyond 500 ft. for the wave used. 
Even if the arrester had reduced the potential to zero 



Impulse wave-shape at points beyond the arrester 
showing that attenuation is apparently the only 
influencing factor 


the zone of protection would not have been appreciably 
eirtended. The wave shape at distances beyond the 
arrester is the same as at the arrester, being changed 
only by attenuation. 

The question of arrester location and length of con¬ 
nections is of fundamental importance, and a number 
of different arrangements was tried. These included the 
so-called “hair-pin” loop, connecting the arrester in 
one or two stacks, long arrester eoimections versus long 
transformer connections, and the effect of a capacitance 
to simulate station apparatus. All the results can be 
explained by giving proper consideration to the effect 
of circuit length. The effect of the arrangement 
and turns or bends in the circuit was shown to be 
negligible. 

It is of primary importance to locate the arrester 
close to the appmtus to be protected but if it must be 
at a distance, it is better to have long transformer 
eoimections rather than long arrester connections. 
This is because with long arrester connections the 
transformer reflects the incoming wave, while with 
short arrester connections, the transformer reflects only 
the arrestra* potential. The excess voltage which may 
be introduced by a certain length of connection does not 
depend upon the £^ter rating; however while a given 
increase in potential may be considered negligible bn a 
high-voltage arrester protection offered by a low-voltage 
arrester may be insufficient. 

This investigation shows that Thyrite arrester per¬ 
formance for any given impulse wave can be cFosely 
calculated if the length of the connections and the 
ground resistance are known. Several hundred oscillo¬ 
grams have been taken, making available much valu¬ 
able information regarding the application of lightninp r 
arresters. 

These teste are part of a large program of transient 
investigation conducted jointly by the Consumers 
Power Company and the General Electric Company. 
The field work was in charge of E. J. Wade and J. R. 
Eaton, who were assisted by Messrs. W. J. Rudge, 

0. Brune, C. C. Tanner, E. J. Shimek, D. Blackwell and 
others. 
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Vertical A-C 
Distribution Networks 


With buildings from 500 to 1,000 ft. in 
height becoming common in large 
cities, load densities have increased to 
many times their former values. Ver¬ 
tical . low-voltage networks supplied 
from transformers located on different 
floors of these high buildings, are well 
suited to cope with such extreme con¬ 
centrations of load. 

By A. H. Kehoe and Bassett Jones 

Fellow A. I. E. E. Member A. I. E. E. 

XTnited Elec. Lt. & Pwr. do. * Meyer, Strong, & Jones 
New York NeAV York 

V ERTICAL NETWORK SERVICE 
was first offered by companies 
comprising the New York Edison 
System in December 1928, at which time the arrange¬ 
ment was accepted by the owners of the Irving Trust 
Company building at 1 Wall Street as suitable for the 
electric supply to that building. Similar arrangements 
were made almost simultaneously with several other 
large buildings which at that time either were being 
planned or were under construction. Since then, this 
type of service has been adopted for practically all new 
buildings in New York City, of more than forty 
stories, as well as for some lower structures. A few 
high buildings of the tower type having comparatively 
small fioor areas have been built recently, but in these 
cases there is only a slight advantage in this specific 
service. 

On January Ij 1931, there were in Manhattan ten 
completed' buildings with vertical network service 
completely installed, comprising a total connected load 
of about 31,700 kw. Seven more buildings incorporat¬ 
ing this service are now under construction. In these 
the total connected load will be about 14,300 kw, In 
addition, five new buildings axe being planned with 
power and lighting requirements totaling about 30,000 
kw., and in these it is expected to use the vertical net¬ 
work systems. The accompanying table gives detailed 
inf ormation regarding typical installations. 

HiQHrVoi/rAGE Supply Above the Street Level 

For densely-loaded urban areas in many localities 
■a-c, distribution in recent years has taken the form of 

From “V©i?tical NetJwopjm in Metropolitan OfiBice Buildings,** presented 
liifonuaHy at the Middle Bastem District meeting of the A. I, B, B., Pltts- 
hmgm* Fa„ March n-13, 1931 , 
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multiple-feed networks. The first installation of this 
tyjte in New York City was completed in 1922. This 
arrangement provides an economical and reliable sys¬ 
tem which satisfies the electrical distribution require¬ 
ments of most urban districts. In many cases these 
networks are of the three-phase, four-wire type, and are 
operated at 120/208 volts. Distance from the dis¬ 
tribution transformers over which energy at such 
voltages can be economically transmitted, however, is 
definitely limited if both a reasonable amount of copper 
for distribution and satisfactory regulation are to 
obtain. 

In a number of cities there has been a decided 
tendency in recent years to increase the height of 
buildings; this has resulted in an increase of total 
fioor area to many times the ground area, with a cor¬ 
responding increase in the electrical density of distribu¬ 
tion. While in these large buildings the electrical-load 
density per sq. ft. of fioor area has increased somewhat, 
the percentage increase, of course, is much less than the 
increase in load density based on ground area. 

While this load may be considered in the light of an 
extremely dense load at the street level, yet the area 
may be so located that it is cheaper in over-all costs to 
supply it from distribution transformers located in 
upper fioors of the building than to supply the energy 
at 120/208 volts from the street distriWtion system. 
Thus it might be considered that the utility has been 
presented with the equivalent of a large addition to its 
territory. This will be understood readily when it is 
realized that bmlding heights of from 500 to 1,Q00 ft. 
above the street now are becoming commonplace and 
such buildings require large banks of elevatoni, the 
motors of which are located in tli^e upper stories the 
building. Some of these elevators have motors ranging 
in size from iOO to 150 hp. for the higher buildings, with 
short period demands several times these values. 

With such dense loads at an appreciable distance 
from the street level, it is found to be definitely economi¬ 
cal in over-all costs to distribute with multiple high- 
voltage supplies feeding a low-voltage network through¬ 
out the building. This system is identical in principle 
to the street network system, as may be seen in the 
acconipanying illustration. 

Economic Aspects 

Comparative estimates of building wiring costs ftw 
the Irving Trust Company Building meKte®d pre¬ 
viously, showed a saving of $35,000, for the v^rieal 
network system as compared with the system in 
which the service transformers are all located In the 
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basement. However, some modifications in plans 
were made at the request of the local inspection au¬ 
thority and all of the above estimated saving was not 
realized. 

In the Empire State Building the network system has 
been applied to the individual floors. Four-wire 
120/208-volt feeders from one or more centers of dis¬ 
tribution, where they are fused, feed into a four-wire 
main, circling each floor. Unfused branch circuits are 
tapped off this main to feed one or more “ba^.” 

With the radial system of building wiring, enough 
copper must be run from the house switchboard to each 
load group (say three floors, for lighting, elevator bank, 
or other motor group) to cany the iYifl.TiiTmm load of 
that group. With the network system using a tie bus 
between transformer banks, the advantage of load 
diversity is realized in reducing the amount of copper 
required. The utilization factor can be worked out 
by the known probability factors for the case (see 
Power Calculations for Elevators by the Method of 
Probabilities, G. E. Review, October-November 1930). 
This method applies not only to elevators but is appli¬ 
cable also to variable loads of any kind for which an 
“operating factor" can be determined. The fifteen- 
minute demand (r. m. s. value of the load over this 
period) on the usual elevator bank is about thirty-five 
per cent of the connected load. With the old radial 
system of wiring a separate feeder, or duplicate feeders, 
having at least the load capacity of the fifteen-minute 
demand on each bank must be run to each such 
bank. 

Ownership op Equipment 

Since a distribution installation in a building cannot 
be considered as having the permanency of a street sys¬ 
tem, (it being subject to the whims of the building 
owners) and since it cannot be utilized for any service 
other than for that particular building, there is natu¬ 
rally a distinct limitation to the amount of investment 
that the utility company can make for such an installa¬ 
tion. On the other hand, if the vertical distribution 
network is used instead of distoibuting throughout the 
building from street services the building owner realizes 
a definite saving in building wiring. It is thus reason¬ 
able to have a different division of expense for vertical 
distribution from that which would be used in the case 
of general distribution throughout a city. 

The division used in New York is to. have the utility 
company supply, and own and maintain the high-volt¬ 
age cables and the distribution transformers with their 
associated network equipment. These are placed in 
position by, and at the expense of, the building owners 
in ducts and vaults supplied as part of the building 
installation. All low-voltage distribution conductors 
and ducts except the 120/208-volt a-c. network ties • 
from the street mains to the first distribution point 
within the building ase owned and installed by the 


building owmers. While the building owners install 
the transformers and high-voltage cables, all connec¬ 
tions are made by the utility company. In case the 
building is abandoned this division makes it possible 
for the utility company to recover all its equipment, 
and the costs incurred are not materially different from 
those in supplying the building directly from the 
street system. In the ease of high buildings the cost 
of the wiring installation is considerably reduced. 
Certain expense, of course, is incurred in securing 
space for transforms vaults, but in most cases space 
yielding little of value can be used for this purpose. 

Low-Voltage Tie Connections 

If all conditions of supply for vatical distribution 
were the same as those found in the common network 
system, the installations would be unusual only from 
the standpoint of establishing the division of ownership 
and maintenance between the building owno’ and the 
utility. However, as the types of installations made to 
date will indicate there are numwous conditions which 
cause these services to differ. The vertical networks 



VERTICAL NETWORK SERVICE NORMAL STREET SERVICE 

Schematic diagrams of street and vertical dis- 
< tribution networks showing similarity between 
the two systems 
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used so far msajjf^fce dassified as follows according to 
the arrangemait of secondary connections within the 
building: 

1 . Isolated or spot networks, also caUed Junior networks in which the 
energy used at any one pctot in the building Is supplied solely from a 
plurality of step-down transformers at a slngl loeatioa, there behm no 
secondary ties to any other network, 

2. Networks with tintapped low-voltage ties whereto the ties connect 
to other sources and therefore a multipUcity of step-down transformers at 
any one location are not required. In this case^ however, service has to b 
supplied ftom the one location over special utIll 2 sation feeders In the same 
manner as with a spot network* 

3. Networks with tapped ties, the ties ^ng used to distribute load to 
the several floors between transformer locations. 

Each of these t 3 fpes of installation has been used to 
meet conditions which existed at the time the installa¬ 
tions were planned. None of the tapped ties has been 
installed without fuses. Recent installations, howevCT, 
are bang made with untapped and unfused ties, in¬ 
stalled in conduit surrounded by two or more inches of 
concrete; and in such cases, the building service is 
supplied locally from each step-down location; 

Future Considerations 

One of the advantages obtained witii vertical net¬ 
work service is the ability to increase the electrical 
capadty in the building at any time without expensive 
reconstruction of the original wiring, ance each of the 
sevaal high-voltage cables supplying the building are 
required for mechanical reasons to have much greata 
load-carrying capacity than is needed to save any of 
the buildings contemplated up to the present time. 
Of course, the installation of additional distribution 
transformers would be required ather in existing vaults 
or at new locations nearer the utilization point th^ the 
o-riatitig vaults; and in addition thae would be required 
the necessary utilization wiring to deliva the new 
energy to the places in the building whae it would be 
used. Such a procedure is much simpla and less ex¬ 
pensive than would be required if the inae^se w^re to 
be supplied from the street network.^ 

All vertical high-voltage feeda installations planned 
to date have used a dry type of three-conductor shielded 
cable with an outride wrapping of steel wires vrith '?vMch 
the cable is held up at the top of its run. It is posrible 
(and obviously desirable) that future developments, 
should make it feasible to use standard types of high- 
voltage cables for this purpose. 

Conridering the opaating experience in New York 
City covering a period of about two years, the vertical 
network installations bring made, are regarded to be 
more than adequate for the service requiremente now 
foreseen. Improvements in methods and in equipment 
which will simplify the wiring installation and reduce 
cost may be expected in the future as inspection authori¬ 
ties, architects, and supply company engineers become 
betta acquainted with the special requirements of 
this type of installation. 
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Of lostifufe anJ RelateJ[ JVcfiTities 


A-C Network, Industrial Interconnections, 

System Grounding Are Subjects of Pittsburgh Meeting 


TF HEAVY ATTENDANCE and -wide- 
spread discussion are indicative of 
the success of technical sessions, then the 
Pittsburgh District meeting must be 
adjudged conspicuous in this achieve¬ 
ment. Held March 11-13, 1931, with 
headquarters at the Wm. Penn Hotel, 
Pittsburgh, it was sponsored jointly by 
the Institute’s Middle Eastern District 
and the Association of Iron and Steel 
Electrical Engineers. Ofhcial registra¬ 
tion exceeded 450, and attend^ce at 
several of the sessions was more than 600. 

Inspection trips carefully planned to 
supplement the technical sessions added 
materially to values and interest. On 
Thursday evening, March 12, a banquet 
and dance was held under the joint auspices 
of the meeting and the Engineers* Society 
of Western Pennsylvania (Pittsburgh), 
With W. B. Stellmire (General Electric 
Company, Pittsburgh) toastmaster, the 
three speakers on the banquet program 
were Wm, S. Lee, president of the Insti¬ 
tute, Dr. L. A. Hawkins, (General Electric 
research laboratory) the “Larry” Hawkins 
of radio fame, and E. C. Stone, vice- 
president of the Institute’s Middle East¬ 
ern District. 

Important details of the technical 
sessions are given in the following items. 
A r4sum6 of discussions will appear in an 
early issue of Electbical Enginberino. 

* A 

A-C. Network Symposium 
Attracts Wide Attention 

Two out of five technical sessions were 
devoted to six papers and extensive, 
^prepared discussion pertainiag to the 
development of the a-c.,network in elec- 
trio power distribution. Three of these 
papers dealt with the development of 
underlying theory, having to do with 
low-voltage electric arcs; the second 
group of three papers related to the physi¬ 
cal and economic aspects of the network 
idea itself. 

Discussing “Bum-Off Characteristics 
of A-C. Low-Voltage Network Cables,” 
George Sutherland and D. S, MacCorlde, 
of the New York & Queens Electric Light 

Power Company, described extensive 
tests made to determine the characteris¬ 
tics of the clearance of faults in differ- , 
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ent types of a-e., low-voltage-network, 
copper-Gonjluctor cables installed in 
accordance with present standards of 
underground construction. Upon analy¬ 
sis of their test results and other data, the 
authors reaohed the following conclusions: 

1. If A 3,000-ampere current Is available, 
faiilts in the class of point contacts occurring in 
single-conductor, low-voltage cables operating 
at voltages from 120/208 usually dear within 
a few seconds irrespective of conductor size. 

2. Oopper-to-copper faults in tstaigle-con- 
dnctor, low-voltage cables usually dear at the 
point of fault within one minute or less (for 
example, 3,000 amperes on 4/0 cable). 

3. Size for size, the bnm-ofl characteristics 
of non-magnetic-sheath cables dropped at 
random in a trench are the same as those of 
cables Instdled in 4-in. non-metallic ducts. 

4. The bum-oft characteristics of multiple- 
conductor, buried, non-magnetlo-sheath cables 
make that type of construction undesirable for 
low-voltage, a-c. network dlsttibutlon. 

6. Analyses show no appreciable difference 
between oiled-paper and rubber insulation in the 
explosiveness and inflammability of gases pro¬ 
duced by lead-covered cables. 

J. Slepiau aud A, P. Strom of the 
Westmghouse research laboratories pre¬ 
sented the subject “Arcs in Low-Yoltage 
A-C. Networ]^.” They reviewed the 
information pertaining to the extinction 
of a-c. arcs at current zero, and defined 
arc-reignition characteristics and oircuit- 
reignition characteristics. Based upon 
studies of arc-reignition dharaeteristios of 
short arcs between metal electrodes and 
non-adjacent to installation, the authors, 
concluded that such arcs are incapable of 
inteirupting practical low-voltage a-o, 
network circuits. They ascribed the 
extinction of arcs in practioisd network 
cables to the deionizing action of gas 
blast arising from burning insulation. It 
is claimed that experiments with arcs in 
cables, and arcs between parallel plates 
remote from insulation in some cases and 
closely bounded by insulation in other 
cases, confirmed this view. The authors 
stated that inorganic insnlatiiig materials 
also may assist in arc extinction through 
the generation of gas blast arising from 
their decomposition. In this conheetion 
boric acid was found to be the most 
effective. material. It was stated also 
that the charring. of organic insulation 
may be e3q>ected to cause an insulation 


to lose its arc-exldiic (lion-aid ii»g eliar- 
acteristics. 

Laboratory results boariug upon the 
“Reignition of Metallic A-C. Arcs in 
Air,” were presented by S. S. Attwood 
and W. G. Dow, of ilio University of 
Michigan, and W. Krauanick, of Ohio 
Northern University. The aut-hors were 
in search of experimental ovidenct^ of the 
current-voltage-timo relations that c^xist 
during the period when an a-c. arc be¬ 
tween metallic electrodes passes through 
its cyclic current zero. Twenty-nine 
cathode-ray oscillogrania revealing certain 
characteristics of thoae relationslnpH wore 
presented. The autliora stated that 
during the current-zero period the arc- 
electrode voltage in deterniinc^d )>y the 
circuit constant, and rises until th (3 elec¬ 
trode voltage reaches the breakdown or 
reignition value determined by tluj de¬ 
ionizing influences at work while tlio arc 
is extinguished. Alteration of the circuit 
constants permits a variation in the rate 
of voltage rise, with a consequent change 
in the reignition voltage. In the opinion 
of the authors the action of a circuit 
breaker in extinguishing an arc is greatly 
influenced by the presence of adjacent 
load circuits and by the presence of dis¬ 
tributed induotajice and the capacity in 
the connecting lines. 

Some typical applications of the net¬ 
work distribution idea to power distribu¬ 
tion within tall ofQ.ee buildings wore 
outlined by A. H. Kehoe of the United 
Eleotrio Light & Power Company, New 
York, and Bassett Jones, consulting 
engineer, New York. This paper appears 
practically in full on pages 292-95 of this 
issue. 

C. T. Sinclair and H. M. Stanley, of the 
Byllesby Engineering & Management 
Corp,, Chicago, presented their design of 
“A Primary Network.” The primary 
network was characterized by its pro- 
^ponents as setting up the means for 
system growth and expansion, very 
largely obvmting the need of extensive 
and expensive system planning. The 
primary network described is similar in 
general oharaoteristies to the low-voltage 
network, particularly in so far as the 
inter-conneotion of the secondary mains 
IS concemed. The authors contend that 
m spite of the fact that Awo transfor- 
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mation steps are required iu the primary 
network described, compared with the 
one required in the low-voltage network 
the primary network has economic 
possibilities which should be considered 
seriously Tor areas of medium-load den¬ 
sity. Such a network now is in course 
of construetdou in the Pittsburgh area and 
many ]>ers(jn.s interested took advantage 
of an inspection trip arranged to demon¬ 
strate this feature. 

*‘Tlio Pliiladelphia A-C. Network Sys¬ 
tem,’* was described by H. S. Davis, and 
W, IL Hess, of the Philadelphia Electric 
Company. The system in question con- 
sisi.s of sootdoualized primary-loop feeders 
supjjly ing a f used-secondary network. At 
present ihoi’e are twenty-four of these 
f<^eders in operation with a normal total 
oporaliing capacity of 32,640 leva. The 
feeder peak thus far experienced was 
roportc^d to have been 27,600 kva. As a 
a resuH. of five years of operating experi¬ 
ence, during which period normal load 
growth and developments have been cared 
for, the authors have reached the conclu¬ 
sion til at the system adopted has proved 
amply fU^xiblo to meet changing condi¬ 
tions, and that operating experience has 
])oen completely satisfactory under all 
conditions including times of faults on 
lihe network or elsewhere on the system. 

Symposium On 
System Grounding 

"Prosent Day Practise in Grounding of 
TransmisRion Systems,” was comprehen¬ 
sively outlined in a committee report 
presented by C. A. Powel of the West¬ 
ing house Eleetric & Manufacturing 
Company, chairman of an A. I. B. E. 
subcommittee on grounding. 

J. E. Clem, General Electrio Compaq, 
in his paper “Reactance of Transmission 
Linos with Ground Return,” presented an 
analysis of a theoretical circuit oonsistu^ 
of any number (jf line conductors in paral¬ 
lel with a return to earth, and any number 
of ground wires in parallel. The paper 
is an added contribution of this author 
toward simplication of the calotilation of 
ground faults, an essential factor in the 
prodiotioa of system stability limits. In 
addition to his analytical study, the 
author presented confirming field test 
data and BUggosted a method of precheting 
the impedance of the fundamental dreuits 

of a conductor with a ground rotom. 

A “Pandamental Basia for Distance 
Relaying on Three-Phase Systems,” was 
described by W. A. Lewis of the West^- 
house company, and L. S. Tippett, fo^ 
meriy of the same company. As a restot 
of an eictensive investigation , into the 
Bubiect, and based upon equally estonmve 
suppotting niatheimatios, the authors 
reach the conclusion that; 

1 Oonvealdonal. methods «f diatance reila^ 

Ing ’ai* subject to errors other tlwn til se caused 

by fault Impedsnoes. 
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2 . Siicb errors may be eliminated in relays ^ 
protecting against line faults by the use of the 
proper delta-connection of current transformers 
or r^ays. 

3. That such errors may b eliniinated In 
relays protecting against ground faults by the 
use of voltage or current compensation. 


4. The limitation of application of distance 
r laying Is th error introduced by the presence 
of fault impedance, which affects both Im¬ 
pedance and reactance relays, but each to a 
different extent. 

5 . Distance relaying may be made to ap¬ 
proach even more closely the desired relaying 
ideal and that within the limits of its application 
it should give satisfactory protection regardless 
of generator capacity or system conditions. 

Under the title “Power System Volt¬ 
ages and Currents Under Fault Conditions 
—Effect of Sequence Impedances** R. D. 
Evans and S. H. Wright of the Westing- 
house company presented the results of an 
investigation of the general characteristics 
of power systems under unbalanced faxilt 
conditions, giving particular attention to 
the range of voltage and ourrent that may 
exist under such conditions. The authors 
made their analysis by the method of 
symmetrical components, giving atten¬ 
tion to the range of the sequence 
impedances of power systems. They 
presented numerous curves and in general 
gave their results in a form offering a 
direct comparison of the characteristics 
of different systems. As a result of their 
study the authors have concluded that on 
three-phase systems: 

1 * The currents .and the voltages imder 
abnormal conditions may vary over a wide range 
depending upon the sequence impedances and 
the location and-character of the fault. 

2. The Une-to-ground voltage may rise to 
twice the normal line-to-neutral voltage, and the 
ratio of line and ground current to the three- 
phase short-circuit current may be as great as 
2,0 and S.O, respectively. 

3 . The ground current on a double Une-to- 
ground fault may be 60 per cent greater than the 
Tpq^riTYnim yaluo Of a Single line-to-ground fault. 

The authors stated fiirther that the 
range of voltages and onirents on actual 
systems is determined prinmpally by the 
ratio of the zero-sequence impedance to 
the positive-sequence reactance. They 

CQnsidered the zero-sequenoe-impedance 

ratio as a convenient criterion in connec¬ 
tion with system groimding, and su^sted 
that the preferred value of this ratio is in 
the range of from l to 4. 

“Shmiltaneons Faults on Three-Phase 
Systems” were most ably and mathemati- 
oally discussed by Miss Edith Clarke of 
the General Bleotric Company. The 
author extended the method of symmetri¬ 
cal components to apply to a three-phase 
system during simultaneous faults at two 
or more points of i^he system, and derel- 
oped a genewd equivalent oirouit replacing 
(in the positive-phase diagram) two 
simultaneous faults involving any eom- 
blpation of the six oonduotors. Further 
apphoations of the genial metood were 
discussed, and numerous typical cases 


were worked out in detail by the author, 
who stated that the methods and formulas 
given in her paper were developed in 
answer to such questions as: 

1 . Which is the more sev re shock to a sys¬ 

tem, a double line-to-ground fault in one circuit 
or two single line-to-ground faults occurring 
simultaneously on two separate chcults? ^ 

2. Do simultaneous double Une-to-ground 
faults which involve the same phases (a and b) 
on two circuits result in more, or less ground 
current than do faults which involve phases a 
n.T>fi b on one circuit and phases b and c on the 
other? 

Industrial 
Power AppUcations 

Power usage, particularly as it affects 
power supply for large industrial estab- 
Hshments, was the central theme around 
which was built an important program 
for a joint session with the Association of 
Iron and Steel Electrical Engineers, and 
sponsored by that organization. Many 
signiheant phases of some of the more 
important problems arising from heavy- 
duty electric power interconnections 
between large industrials and the electrio 
utilities were .treated in the light of both 
engineering and economics by the several 
papers and by most of the large number of 
prepared discussions presented at the 
session. Perhaps the most vital single 
point brought out in the entire session 
was the fact that such interconnections, 
whether for one-way power supply or for 
the interchange of power between utilities 
n.nd industrials, must show definite ad¬ 
vantages and profits to both parties if 
such contacts are to remain in force for 
any length of time. 

p. 0. Schnure, of the Bethlehem Steel 
Company, outlined the three interconnec¬ 
tion plans now in common practise as: 

1 . Where the utility fumldies aJI the power 
used by the ludustriaL 

2, Where the utility furnishes peak power for 

the industrial with the latter supplying its own 
base load. 

8 . Where the utility fumlsfliea the base 1 ad 
for the industrial, with th latter supplying Its 
own peak power. 

The author gave as a fourth possibility, 
that in wHoh the utility purchases from 
the industrial surplus power, and stated 
that in his opinion the greatest economies 
for each party are to be found in the po¬ 
tentialities of interchange. 

Operating experiences arising from the 
interronnection between the Duquesne 
light Company and the Davison Coke & 
Iron Company, Rttsbui^h, were g^yen in 
a paper jointly prepared by G. B. Dipa^ 
chief engineer of the Davison Coke & 
Iron Company, and R. I. Kirk, Duquesnd 
Light Company. 

Under the titie “Absorption of By- 
Product Power,” A. Hoefle of the Toledo 
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(Ohio) Edison Company, and W. T. 
Woodmany, of the Interlake Iron Corp., 
said in part: 

Oomplet and economic ntUlzation of by¬ 
product is an end much to be desired in modem 
industry. Studies that have been made with 
reference to such an end have fl^Quently re¬ 
vealed promisliig opportunities for cooperation 
Cetween manufacturing plants and electric 
utilities. Some combined arrangement often 
will prove to be of economic benedt to both 
parities. 

Th basic idea in a coordination scheme lies 
In the constmctlon of eflftcient stations to operate 
at a good load factor by feeding Into the utilities’ 
systems whenever the manufacturers* demands 
for steam or by-product power drop off. Some 
of the methods of accomplishing this result are: 

1 . Use in the utility’s plant of industrial by¬ 
products representing excess energy. 

2 . Sale of esdiaust steam supplied by a 
central station’s generating plant to a manu¬ 
facturing establishment for process purposes. 

3. Transfer of excess power generated in the 
manufacturer’s generating plant to a utility 
system. 

4 . A joint arrangement in whidi manufac¬ 
turer and utility own and operate a generating 
station and share the fixed and variable costs 
in proportion to benefits derived. 

The authors gave examples upon which 
they based their conclusions. 

A detailed discussion of some of the 
many problems entering into the question 
of ^ectrio power distribution within a 
large industrial estabHahment was given 
in paper prepared jointly by R. D. 
Abbiss of the Carnegie Steel Company, 
and D. C. West of the Westinghouse 
company. 

The application of electrically-heated 
annealing furnaces for steel and other 
industries was described quite completely 
by J. C- Woodson of the Westinghouse 
company. After describii^ present prac¬ 
tises and considering current operating 
experiences with the equipment in ques¬ 
tion, the author offered the following 
predictions as to the future: 

1. A rapid and extensive expansion of elec¬ 

tric annealing'‘to wire strip and sheet mills 
generally to meet economic limitations and 
competitive costs. ** 

2 . The use of artificial furnace atmospheres 
to secure special and better results in fabricating 
and manufacturing processes. 

3. There will be developed more of the large 
continuous electric furnaces for sheet annealing 
rand normalizing, and with artificial atmospheres. 

4. An extensive development and application 
of the principles of inductive heating to numer¬ 
ous heat-treating processes now considered 
unsuitable. 

"A Modem Electrified Dairy Plant*’ 
described in a paper prepared jointly 
by A. J. Dreux of the Rieck-McJunldn 
Dairy Company, Pittsburgh, and H. C. 
Brunner of the Westinghouse company 
'Reflected another important application 
of electrical equipment. This paper is 
presented essentially in fuH elsewhere 
in this issue. 
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Power Su:&ply For 

Communication Systems 

In describing “Automatic Power Plants 
for Telephone Offices,” R. L. Young, 
Amerioan Telephone and Telegraph Com¬ 
pany, and R. L. Lunsford, Bell Telephone 
Laboratories, laid particular stress upon 
the exceptionally high degree of reliability 
in electric power supply that is essential 
for a telephone system. They described 
in detail unit-type power plants that 
have been developed for telephone offices, 
and mentioned the fact that the oper¬ 
ating reliability record of modem equips 
ment of this type is 99.9996 per cent. 

A description of similar equipment de¬ 
veloped for telegraph service was presented 
by E. W, Griffith of the Western Union 
Telegraph Company, in his paper “Tele¬ 
graph Power Plants,” The author traced 
the development of telegraph power 
plants from the era of the gravity battery 
down to the present combination of auto¬ 
matic equipment and storage battery. 

Radio communication came in for its 
share of the discussion with a description 
presented by R. L. Davis of the Westing¬ 
house company covering the power equip¬ 
ment at the new high-powered EIDBIA 
broadcasting station, and a lucid descrip¬ 
tion of “Recent Developments in the 
Operation of Overseas Radio Telephone 
Service,” presented by P. A. Cowan, of 
the American Telegraph and Telephone 
Company. 

Students Active at 
Pittsburgh Meeting 

At the district conference on student 
activities held March 12, 1931, in con¬ 
junction with the Pittsburgh meeting of 
the Middle Eastern District, each of the 
first two subjects was presented by two 
speakers, one representing industry and 
one representing the student point of 
view; 

SvilUBB BUPXiOTMaNT VOB Ekoinsisiiino 
Stttdbnts 

W. D. Bruce, chairman, University of 
Peimsylvariia Branch, and 

O. W. Eshbach, Personnel Department, 
American Td-ephone & Tdegraph 
Oompany. . 

Qualifzoationb Looxbd bob in a Oabbt 
EiraiBazB 

Harmon Sliively. chairman. University of 
Alnron Branch, and 

E. B, Boberts, Educational Dept., West- 
inghouse Electric & Mfg. Go. 

These topics were discussed by many 
present, and the following resolution 
was adopted: 

Be it resolved thatt 

1 . In view of the continued Industrlairde- 
pression with the resultant Inability of industry 
to absorb the 1931 graduates, the technical 
colleges In the Middle Eastern District be re¬ 
quested to present to the senior classes the 


desi]?abmty of continuing their educational 
program; and furthermore that the 
authorities be requested to seriously consider 
extending as much assistance as possible to 
students capable of profiting by this program. 

2. The Ohairman of this Committee be 
charged witii the duty of forwarding this resolu¬ 
tion to the college governing boards in the 
Middle Eastern District. 

The third topic, “Ha»s the Student 
Branch any Responsibilities to Preshmen 
and Sophomores?”, was presented by 
C. L. Luoal, incoming chairman of 
the Ohio State University Branch, and 
W. J. Lattin, incoming ohairman of 
the Case School of Applied Science 
Branch. 

Professor J. T. Walther, counselor, 
University of Akron Branch, and vice- 
ehairmaai and secretary of the district 
committee on student activities, pre¬ 
sented a comprehensive report on the 
Branch activities in the district during the 
present academic year. This was fol¬ 
lowed by brief reports by several spealcers 
giving additional information concerning 
the meetings of certain Branches. 

Eleven of the eighteen Branches in 
the district were represented by their 
counselors and chairmen, and two others 
by the chairmen only. 

Luncheons 

Prior to the student conference a 
joint luncheon meeting of the counselors 
and chairmen was held. At this Profes¬ 
sor Morland King presided and brief 
addresses were given by E. C. Stone, 
vice president of the Middle Eastern 
District; P. L. Hutchinson, national 
secretary; and Henry H. Henline, 
assistant national secretary. 

Vice-president Stone stated that the 
fundamental purpose of the Branches is 
to make better electrical engineers. He 
emphasized the importance of contacts 
between students and electrical engineers, 
and the benefits to be derived by students 
from the preparation, presentation, and 
discussion of papers. Mr. Hutchinson 
and Mr. Henline also spoke of the 
benefits available to students who partic¬ 
ipate in Branch activities. Mr. Henline 
gave a brief summary showing the great 
increase in student participation during 
recent years. 

Separate luncheons were h Id March 
13 for the counselors and for the Branch 
chairmen. At the Counselors^ luncheon, 
it was decided that the next district 
conference on student activities will be 
held in the spring of 1932 in conjunction 
with the annual student convention of 

th schools in and near Pldladelphia. 

Professor J. T. Walther, counselor of 
the University of Akron Branch, was 
elected chairman of the district com-» 
mittee on student activities; Professor 
Lewis Pussell, counselor of the Swarth- 
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more College Braacli, was elected vice- 
eliainuan and secretaryf both to take 
office August 1,1931. 

Directors Meet 

at Pittsburgh Gathering 

The regular meeting of the Board of 
Directors of the American Institute of 
Engineers was held at the 
William Penn Hotel, Pittsburgh, Pa., 
Thursday, March 12, 1931, during the 
Mi/lHiA Eastern District meeting. 


expires July 1, 1931, rSappointment 

denied. 

An invitation for September 21-26, 
1931 from the Eoyal Institution of Great 
Britain to send a delegate to centena^ 
celebration of Michael Faraday’s dis¬ 
covery of electromagnetie induction was 
accepted, and the president empowered 
to appoint delegate and alternate. 

Invitation was accepted to send a dele¬ 
gate to the celebjration October 1-2,1931, 
at the XTniversity of Cambridge, England, 
commemorating the birth of James Clerk 


MaxwelL The board also accepted 
invitation to be represented at the 
inauguration of President Chase, Uni¬ 
versity of Illinois, May 1,1931. 

Resolution was adopted expressing the 
board’s appreciation of varioiw Pitt^ 
burgh meeting committees, in their 
excellent arrangements for the meeting^ 
and the effective manner in which plans 
were carried out. 

Other matters were discussed, reference 
to which may bo found in this and fu¬ 
ture issues of Elbctricai. Enginbxmno. 


Present were;— 

President: W. S. Lee, Cbarlotte, N. C. 
—^Past-president: R. F. Schuchardt, 
Chicago, lU.—vice-presidents: Herbert 
S. Evans, Boulder, Colo.jW.S. Rodman, 
Charlottesville, Va.; B. C. Stone, Pitts¬ 
burgh, Pa.; C. E. Sisson,- Toronto, Ont.; 
G. C. Shaad, Lawrence, Kans.; H. P. 
Charlesworth, New York, N. 
directors: F. C. Hanker, East Pitts¬ 
burgh, Pa.; E. B. Meyer, Newark, N. J.; 
F. W. Peek, Jr.,. Pittsfield, Mass.; 
C. E. Stephens, A. B. Knowlton, New 
York, N. Y.—National Treasurer W. I. 
Slichter, and National Secretary F. L. 
Hutchinson, New York, N. Y. 

Ratipioations 


Some Winter Convention 

Discussions are Summarized—Part II 


Minutes of the directors’ meeting of 
January 28,1931, were approved. 

A report of a meeting of the board of 
examiners held February 18, was pre¬ 
sented and approved. Upon ite recom¬ 
mendation the following elections were 
made of appKcations pending: 290 

Associates; 13 Members; one Fellow. 
Transfers: 40 to grade of Member, and 
six to grade of Fellow. 

In accordance with Sec. 22 of the con¬ 
stitution, S. L. Foster, B. B. Keller, and 
Wm. lispenard Robb were exempted 
from future dues, and their names added 
to the list of "Members for life.” 

The finance committee’s approval of 
February bills amounting to $31,161.18, 
ratified. Decision was made to accept 
the in-yitation of the Cleveland Section 
and hold the 1932 summer convention 
at Cleveland, Ohio. 

The board confirmed the presidents 
appointment of the foUowing committee 
of tellers to canvass and report upon 
ballot of election for Institute officers: 
P. O. Jones (chairman), Henry Kurtz, 
E. J. O’Connell, Hugh L. Smith, W. Y. 
Vedder, B. Volckmann, and J. T. WeRs. 
L. A. Ferguson was reappointed the 
• Institute’s representative on the Com¬ 
mission of Washington Award. 

For appointment by the president of 
the National Academy of Sciences, H. P. 
Charlesworth was nominated as a rep^ 
sentative of the Institute on the Division 
of Ei^ineering and Industrial Research 
of the National Research Counml, to 
succeed Dr. F. B. Jewett, whose term 


A SUMMARY of some of the many 
discussions presented at the last 
five sessions of the 1931 winter conven¬ 
tion is given herewith. A similar s^- 
mary covering some of the discussions 
presented at the first four sessions of the 
convention was given on pp. 226-228 of 
EubotmoaIi ENGiOTiiiaiNG for Marc^ 
1931. Only discussions submitted in 
writii^ in accordance with A. I. B. B. 
rules governing it is summarized; com¬ 
plete discussion together with all papers 
so approved will be published in the 
Tbansactiohb. a list of papers pre¬ 
sented was published in the January 
issue of Embctbical EnqinbbbinQi PP- 
62-63. 


Industrial 
Power Applications 

UliBCTEON TTOBS 

H. S. Phelps discussed the use of a 
photodectric switch for control of street¬ 
lighting circuits. An operatii^ test of 
this device has disclosed a close approjd- 
mation to the municipal schedule in 
effect and it has extended both the night 
and morning scheduled lighting period 

on cloudy or stormy days. 

J. Y. Breisky iu his diseussiou dassified 
the various types of tubes in general, and 
in particular the family of grid-controlled 
gas-fified tubes which he subdivided into 
three groups; cold-cathode tubes, hot- 
cathode tubes, and tubes employing a pool 
of mercury for a cathode. The character¬ 
istics of each class were desraibed. In 
conclusion Mr. Breisky predicted that 
during the next few years a tremendons 
j nftfnoAA in, this activity would take place, 


descent lamps. He explained that the 
caesium cell has red rensitj-vity and is 
applicable for photometric purposes when 
the color between the lamps to be mea¬ 
sured lies -within the ordinary range of 
commercial lamps. 

Automatic RbgTOiATOhs 

In connection -with discussion of this 
subject, 8. Minaeoi described a system 
of automatic control for load-ratio con¬ 
trol wherein a contact-making voltmeter 
is used as the master element. The eon- 
trol drouit is arranged similsrly to that 
used -with induction voltage r^rulators 
except that an adjustable time delay 
relay is inserted between the oontaet- 
voltmeter and the motor-re-vers- 


standardized and are generally available. 

0. R. Sharp dted an important apph- 
oation of photoelectric cells and deetron 
tubes; namely, the photometry of inean- 


R. G. Standerwick discussed the per¬ 
formance of hydraulic regulators on tur¬ 
bine installations. Charts were shown 
fllustrating the r^nilation of a lO.OO^kw. 
speed-regulated turbine tied in -with a 
second machme of 6,000 kw. capacity 
and operating over a wide fluctuation of 
dectrical load. . 

Plant Distbibution Systems 

G. S. in his discussion of the 

section of the paper dcalii^ with general- 
purpose indoor lighting pointed out that 
interest, taxes, depredation, and the cost 
of dectrical losses, are dements in the 
cost of preduemg light that should bo 
^^Vat. into account in determining how the 
TfiMrinfiiiTn amount of light per dollar in a 
new iiistallation can be obtained. For the 
/MtBA in the paper where energy costs 1 J^c. 
per kw-hr. lamps operated at normal 
voltage -will produce light at a unit cost 
about 2 per cent lower than if they were 

operated 6 voltsundertiieirlabded voltage. 

A. B. Smedley discussed the cable md 
wire phases of the subject -with particu¬ 
lar reference to non-metallie, dieathed. 
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underground cables. He pointed out 
that oable manufacturers have done much 
development work in perfecting the non- 
metaUie materials and compounds. Par¬ 
ticular attention has been directed toward 
the possible elimination of materials of 
high-thermal resistivity and the tensile 
strength has been greatly increased with¬ 
out sacrificing flexibility. 

Special Stnchronous Motors 

Fraser Jeffrey in discussion of the 
subject pointed out that notwithstanding 
the high cost of the so called synchronous 
induction motor and its use being 
restricted principally to high-speed drives, 
such machines are being successfully 
applied to low-speed idgh-inertia drives at 
costs competitive to other modified types 
of salient-pole machines. 

F. K. Brainard in his discussion of the 
subject made comparisons between induc¬ 
tion motors and synchronous motors 
within the various speed ranges. The 
comparison is usually favorable to the 
synchronous motor up to speeds of 1,200 
r. p. m. although it depends largely upon 
the value of reactive kva. in the particular 
installation. 

Transportation 
Session Discussion 

Suburban Elbctbipication 

H. M; Truehlood discussed the paper 
^‘Lackawanna Suburban Electrification” 
from the standpoint of inductive coordi¬ 
nation because this is the first electrifica¬ 
tion in the United States using rectifiers 
as the sole source of propulsion power; the 
contact-wire voltage is 3,000 volts. He 
pointed out that the results of field tests 
conducted under severe conditions indi¬ 
cated that the Bell System plant which is 
located in close proxiinity would experi¬ 
ence little or no difficulty from induction 
or ground potentials. 

One of the points commented upon by 
W, B. Potter in his discussion of the same 
paper was the methodr of putting the air 
intake for motor ventilation at the top of. 
the car, thereby elimiiiatmg much dirt 
and brake-shoe dust from the motors. 

C. H* Lydall discussed the paper and 
described a 3,000-volt d^. electrification 
in South Africa where at first considerable 
trouble was caused by lightning. Later, 
however,, the trouble was eliminated 
entirely by the installation of high-speed 
circuit breakers on the feeders to the 
traok- 

H. F. Brown in discussing the subject 
^‘Motive Power for Suburban Electrifica¬ 
tion,” indicated that the conclusions 
.xeafChed in Mr. Kerr’s pap^ agreed more 
or less in all points enumerated with the 
tesults obtained by the New Haven 
Railroad during twenty or more years of 
arc. operation of dectric suburban traffic. 
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Inclinbd-Gatbnary Calculations 

W. B. Potter discussed the subject and 
in his opinion the type of structure given 
iu the paper does not provide for the same 
flexibility on curves as the chord system. 
The contact between the line and the 
collector is best assured by flexibility of 
the line. 

H, F. Brown commented favorably 
upon the paper by saying that not only 
did it present a valuable addition to the 
meager literature existing on inclined- 
catenary design, but also it has simplified 
somewhat the calculations required both 
in the development of the shape factors, 
and in their application to the track 
alinement. 

N. Litchfield in his discussion of the 
subject pointed out that the so called 
“curved” or “inclined” catenary was 
originated by the engineers of the New 
Haven Railroad in 1909. To accommo¬ 
date longer spans with sharp curves, 
particularly transition curves, the original 
method of calculation was modified in 
1913-14 by Messrs. H. S. Richmond and 
Philip Goldstone, and has become practi¬ 
cally the standard method in general use. 
Iu conclusion it was stated that Mr. 
Picken’s paper is well worked out and 
should be of interest to all catenary 
designers. 

H. S. Richmond discussed the subject 
and stated that in his opinion equation 
(33) of the paper is not significant because 
the l7-ourve practically approximates the 
circle and most track curves are not 
actually so uniform. 

J. B. Colley in his discussion of the 
subject outlined a method of calculation 
for the transition curve which he believed 
is shorter than the method given in the 
paper and although not so exact, seems to 
be within the bounds of practicability. 

H. F. Brown discussed “Design of 
Catenary System for Cleveland Union 
Terminal.” He drew attention to the 
temperature movements of the center of 
250* or 300-ft. spans where a bronze 
messenger is used instead of steel messen¬ 
gers. He also commented on the use of 
chains for suspension and pull-off mem¬ 
bers, which he pointed out are subject to 
vibration, weather, and corrosion, and in 
the course of a few years are liable to wear 
very thin. In his opinion such parts 
should be reduced to a minimum. 

Electric Weldiiig 
Session Discussion 

8. Dushman discussed “Aros Between 
Metal Electrodes” stating that one of 
the most important results to foUow from 
this investigation is the conclusion that 
the transition from the glow to the arc (or 
vice versa) is governed more by the cur¬ 
rent density at the cathode than by the 
temperature of the latter. •He discussed 


the conclusions from the point of preva¬ 
lent theories on the phenomena occurring 
in the transition from glow to arc and on 
the origin of electrons at the cathode of an 
arc discharge. 

C. Q. Found’s discussion of the same 
subject was presented by Dr. Dushman. 
He commented on the paper as being a 
valuable contribution to the study not 
only of ams hut also of general discharges 
in gases, particularly the transition stages 
from the normal to the abnormal glow 
and from the abnormal glow to the arc. 

J. Slepian discussed the paper raising 
the questions, (1) may not the transition 
states observed by the authors be only 
apparently equilibrium transition states? 
(2) May they not consist of very rapid 
alternations between the glow states and 
the high-current* density arc state? 
He called attention to the fact that these 
alternations might take place with such 
high frequency as to escape detection on 
the oscillograph used by the authors. 

A. Churchward discussed “An Im¬ 
proved Arc-Weldii^ Generator” stating 
that early in 1924* he had used the trans¬ 
former reactor on a self-exoited drooping 
welding generator, and his tests confirmed 
the results in the paper. 

D. W. Ver Planck discussed ^‘The 
Neutr^ed Welder” and commented on 
the fact that the paper demonstrated that 
the steady-state and some of the transient 
characteristics of welding generators can 
be determined analytically. He was of 
the opinion that the equivalent circuit 
method which leads to the same results is 
considerably simpler than the method 
described in the paper. 

D. W. Ver Planck also discussed “A 
System for D-C. Arc Welding.” He 
presented a method of anal 3 rsi 8 which 
showed to what particular quality of the 
machine each part of the transient was 
due, and would suggest to the designer 
the way in which any part of the transient 
might be emphasized or suppressed. The 
current transient following a short circuit 
can also be handled in a similar fashion, 
though with somewhat less ease. 

Research 

Session Discussion 

H. H. Race discussed “Conductivity of 
Insulating Oils—^II.” He commented oh 
the paper pointing out that the author 
deserves considerable credit for develop¬ 
ing sensitive apparatus for determining 
short-time d-c. characteristics. The con¬ 
clusions, if .correct, will have a far-reach¬ 
ing effect upon the development of the 
theory of liquid dielectrics. Several 
. reasons why the initial exponential por¬ 
tion might be due to an osciUographio 
error rather than a oharaot^stio of the 
oil T^ere given by H, H. Race in his ffis- 
cussion. He also inquired as to the 
meanhoLg of “dielectric absorption” m 
connection with the results. 
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Cable Oils 

J. B. Whitehead discussed “Some 
Elootrical Characteristics of Cable Oils.** 
He pointed out that no quantitative 
relat.ion had been found heretofore be¬ 
tween the one-minute or long-time d-c. 
conductivity and the actual values of 
dielectric loss at various frequencies. He 
believed JDr. Race went a little too far in 
the suggestion in his paper that the one- 
minute cl-c. conductivity is a sufficient 
indication of the a-c. properties of the oil. 

One of the points discussed by W, B. 
Kouwenhoven in his discussion of “Elec¬ 
trical Characteristics of Cable Oils’* was 
the curve in Fig. 6 showing the variation 
of resistivity of oil with temperature. He 
gav(3 data on resistivities of two oils at 
1,500 volts, taken at various temperatures 
at a voltage gradient of 25 volts per mil 
made at four mil-seconds to 40 minutes 
after the application of voltage. When 
these data are plotted on semi-log paper 
the 40-mmuto values fall on straight lines 
of a slightly greater slope than those given 
in tho paper. The four mU-seoond values 
did not givo a straight line relation when 
plotted as in Fig. 6. The resistance of oil 
varies not only with temperature but also 
with tho time after the application of 
vol1.age. 

In connection with the discussion of 
“Tho Conductivity of Insulating Ohs,** 
S. K. Waldorf replied to H. H. Race’s 
qu<3stiona concerning tho oscillograms; he 
explained that the response of the ap¬ 
paratus to d-c. impulses was recorded 
and that it was shown that the oscillo¬ 
graph vibrator used was over-damped 
rather than under-damped and it did not 
over-travel. He also explained that 
deflections were measmed to a tenth of a 
millimeter which on oscillograms having 
tli(» smaller deflections gives a current 
value accurate to within about 5 per cent 
or better. With larger deflections, the 
accuracy of such measurements is of the 
order of 1 per cent and better. 

C. L. Dawes discussed “Fundamental 
Properties of Impregnated Paper.” He 
discussed the so called F or 17 curves of 
tho power loss in impregnated-paper insu¬ 
lation as a function of temperature and 
pointed out the value of the paper in 
giving a definite explanation, (substan¬ 
tiated by experiment) for these curves. 

Thafpio Contbol bt Light Beams 

F. Hamburger^ Jr. discussed this sub¬ 
ject and in his opinion a twelve-second 
green light for minor street traffic where 
traffic is light was too long. He asked if 
it was not possible with the control de¬ 
scribed in the paper to set the minor street 
green for six seconds and provide a step- 
up feature or time extension to permit a 
longer minor street green in the event of 
several oars following one another? 


Commutation in IRmnooEN 

T. T. Hamhleton’s discussion of this 
subject was read by Mr. LiuviUe. He 
reported results of tests made on a 3,000- 
kw., 10,000-ampere, 60-oycle, 300-volt, 
converter which was operated in a gas- 
tight enclosure of hydrogen. The results 
showed a reduction in windage loss 
amounting to approximately 25 kw. and 
an increased cooling efficient. The rating 
of the converter when operating in hydro¬ 
gen could be increased 25 or 30 per cent 
with approximately the same ultimate 
temperatures in the current-carrying 
parts as were reached at the lower rating 
when operating in air. 

Non-Linear Circuits 

V. Karapetofl discussed this subject 
and . mathematicaUy analyzed his con¬ 
ception of one of the series circuit 
conditions. 

B. Weber discussed the subject and 
gave a fundamental analysis of the dis¬ 
tortions shown in the waves of the current 
and voltage drops across the reactor and 
capacitance. His fundamental analysis 
showed that this phenomenon is quite in 
accord with ordinary series resonance of 
the double-energy linear circuit, and 
differs only in that it exists for only a 
small part of the period. 

Electrical Machiiiery 
Session Discussion 

C. R. Bbothby discussed “Induction 
Motor Slot Combinations” and brought 
out that while appreciable “hooks” are 
indicated in many of the speed-torque 
curves shown in the paper, for most 
commercial applications these would not 
be unsatisfaotoiy. Combinations which 
are noisy at low speeds often are very 
quiet at normal operating speeds. 

H. C. Specht, in his discussion of this 
same subject, (read by C. R. Boothby) 
doubted if the theory of revolving perme¬ 
ances was any more useful in simplifying 
the problem of noise and cusps in the 
speed-torque curves of induction motors. 
He commented upon a number of the rules 
given in the paper and believed that the 
reader would profit a great deal more 
from the valuable data given if it were 
clearly shown how the ten rules were 
derived from the mathematical work. 

L. A. Doggett also discussed the paper 
and expressed hope that the author 
would go a step farther and give tables 
recommending the number of slots for the 
more qommou cases. Upou trying to 
apply the rules given by the author to the 
case of a two-pole, three-phase machine 
it was found that all possible values of 
rotot:-slot numbers were eliminated by one 
or more of the ten rules. 


The Pulling Into Step op a Salient- 
Pole Synchronous Motor 

D. W. McLenegan and I. A. Terry 
discussed this subject and commented on 
the value of the M. I. T. integraph in 
solving problems which are very difficult 
to treat analyticall 3 ^ They described 
tests on a 75-hp., three-phase, 90(5- 
r. p. m., 0.80-power factor, synchronous 
motor to determine the effect of the field 
time constant upon the pull-in character¬ 
istics. Results of these tests show that 
due to ideal timing of the instant at which 
the field is applied a motor may pull into 
step from a slip greater than that indi¬ 
cated by formula (5) in the paper. 

V. Bush discussed the paper with 
particular reference to the integraph and 
the stroboscope. He explained that a 
new integraph was now under construc¬ 
tion which would be capable of solving 
total differential equations of very con¬ 
siderable complexity and with much 
better precision than was possible with 
the present machine. He also commented 
on the new stroboscope and the very 
large light intensities produced. He 
explained that Mr. Edgerton used a 
stroboscope which had a period of illumi¬ 
nation of only about 10 microseconds 
occurrmg once each cycle and yet was able 
to obtain sufficient light for photography. 

Heat Losses in Large Turbine 
Generators 

C. J. Fechheimer discussed this subject 
and commented on the complexities of 
the problem. He pointed out that by 
modifying the boundary conditions the 
author has simplified his solution and has 
put it into workable form by substituting 
equivalent electrical circuits for the heat 
circuits. 

K. K. Palueff discussed the paper and 
described how a short-circuit table such 
as is used for the analysis of short-circuit 
characteristics of transmission systems 
could be employed to solve thermal 
problems similaT to those mentioned by 
the author. 

One of the points discussed by D. S. 
SneU in his discussion of the subject was 
the assumption made in the paper that 
the plane of division of radial heat flow in 
the tooth region is at the bottom of the^ 
slot. He pointed out that while this 
assumption is justifiable for turbine 
generators with radial ventilating duets 
in both stator and rotor, it might give 
temperatures very much higher than the 
aotu^ for turbine generator rotors of the 
solid-forged type with ventilating chan¬ 
nels below the coil slots. 

The Non-Resonating Auto 
Transformer 

F. J. Vogel discussed this subject and 
one of the points which he brought out 
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was that experience in the design of also discussed^interleaved windings and 
transformers has indicated always that submitted a figure which shows the initial 
practically the entire su]^ voltage is distribution and oscillations within the 
across riie s^es part of the winding winding. All the stress is distributed 
whetlier or not the low-voltage line is over the series part of the winding and 
connected; and good insulation practise high voltages do not prevail at points of 
has been established on this baris. He discontinuity as claim^ in the paper. 


Rochester Meeting Features 


Noise Abatement 

An attractive program consisting of 
four technical sessions and entertainment 
with a special program for the ladies and a 
number of interestmg inspection trips has 
been arranged by the Local Committee 
for the meeting of the North Eastern 
District of the A. I. E. E. to be held at 
Rochester, April 29 to May 2. Head¬ 
quarters will be at the Sagamore Hotel. 

Because of its location Rochester is 
readily accessible from idl points in the 
East and is possessed of scenic beauty of 
unusual interest. It is particularly noted 
for its fine residential sections, being 
known throughout the Empire State as 
the**cityof homes.'^ Also of importance 
is its manufacturing center; several of the 
large plants located in the city will be 
open for inspection to members and their 
guests. 

Tbohnioaxi Sessions 

The first two technical sessions are on 
selected subjects; the third will present a 
S 3 rmpo 8 imn on noise, and the fourth 
session, a symposium ou lightning. The 
selected subjects offer a variety of papers, 
some on cables, others on special trans- 
fonners, cusps in the speed-torque curves 
of induction motors, and equivalent cir¬ 
cuits of imperfect condensers. 

Joint Session on Noise Abatement 

With the object of outlining a broad 
and efifioaciouB program on ^*noise in¬ 
vestigation’* and in worthy conclusion of 
the morning session at which will be 
presented a symposium on *‘Noise in 
-Electrical Machinery,” a joint meeting 
will be held on the evening of April 30, 
1931, at which the N. E. L. A., 
N. B. M. A., A. S. M. B. and A. I. E. B. 
will all he capably represented. The 
moming symposium will include methods 
of noise reduction, described by Westing- 
house engineers, the manufacturers’ view 
of the noise problem summarized by 
Prof. B. F. Bailey, University of Michigan, 
chairman of N. E. M. A. committee on 
noise, and a paper by E. A. Bishop of 
the Conunonweidth Edison Company, 
Chicago, on the mitigation of noise in 
substations. 


and Lightning Studies 

Entertainment 

An informal reception, with dancing 
and card playing will be held on Wednes¬ 
day evening. The following evening 
will be devoted to an inspection of the 
Eastman ’ Theater and Eastman School 
of Music. The theater is reputed to be 
one of the most beautiful in the country, 
and the School of Music, in the short time 
it has been operating, has achieved inter¬ 
national distinction. The theater will 
offer a performance of current attraction. 

The Meeting Dinner 

A dinner will be held on Friday evening, 
when H. H. Sullivan, past-president of 
the Rochester Engineering Society, will 
act as toastmaster, and Professor Widter 
Elng Stone of the College of Ardiitecture, 
Cornell University, will give an address 
on ”What the Artist May Contribute.” 
Entertainment and dancing will follow 
the presentation of district prizes. 

Ladies* Entertainment 

In addition to the foregoing entertain¬ 
ment, the Ladies’ Committee has ar¬ 
ranged a special program of luncheons, 
a luncheon and bridge at the home of 
Mrs. H. H. Sullivan, and sightseeing trips 
to some of Rochester’s most sceniQ points. 

Ladies’ Program 
Wbdmssdat. Apbil 29 

0:00 a. in. Registration at meeting head¬ 
quarters 

12:30 p.m. Limcheon at Sagamore Hotel 
2:00 p. m. Sightseeing trip 
8:00 p. m. Reception at Sagamore Hotel 

Thttbsuat, ApBin 80 
Morning Dree for shopping 
1:00 p. m* Luncheon and bridge at the home 
of Mrs. H. H. SuUiTan 

7:80 p. m. Inspection of Eastman Theaterand 
Bastman Schod of Music, in¬ 
cluding a performanoe of current 
attraoMon 

Fbtoat. Mat 1 
12H)0 m. Luncheon 
2:00 p.m. Sightseeing trip 
7:00 p. m. Dinner 


Inspection Trips 

A program of interesting and profitable 
inspection trips to large and well-known 
manufacturing plants in Rochester also to 
the utility interests and the University of 
Rochester has been scfiieduled for Thurs¬ 
day afternoon and Saturday moming. 
In addition, several inspection trips for 
the students have been arranged for Fri¬ 
day afternoon at 2.00 p. m. 

Hotel Reservations 

Reservations at the various hotels are 
available by writing to O. L. Angevine, 
executive secretary of the Rochester 
Engineering Sodety, 111 East Avenue, 
Rochester, N. Y. A form for this pur¬ 
pose will be mailed with announcement 
to the membership; also a list of the rates 
for the various hotels. 

Committees 

The personnel of the district meeting 
committee consists of: I. E. Moultrop, 
vice-president. North Eastern District, 
chairman; A. C. Stevens, secretary-trea¬ 
surer, North Eastern District; J. N. 
Albeit C. W. Henderson; E. C. EArker; 
C. H. Kline; H. J. Elumb (ohairman of 
the local executive committee); R. G. 
Warner; and F. C. Young. The officers 
of the general committee are: E. 0. 
Karker, chairman; F. C. Young, secre¬ 
tary-treasurer; H. 8. Collins, asristant 
secretary-treasurer. The following are 
chairmen of the various subcommittees: 
O. L. Angevine, hotels and registration; 

V. M. Graham, inspection trips and trans¬ 
portation; 0. L. Angevine, publicity; 
J. G. Oarritt, entertainment and banquet; 

W. H. Reiohard, sports; H. J. Klumb, 
finance; Mrs. 0. L. Angevine, ladies’ 
entertainment. 

Tentatiye Program 

(Bastem Standard Time) 

Wednesday, April 29 
9:00 a. m. Registration 
10:00 a. m« Welcoming addresses: 

Stephen B. Story, Oity Manager 

yirgn M. Palmer, Rochester Engineering 
Society 

10:20 a. m. Session on Selected Subjects 

Tbmpbbaturbb zn Blbotbio Powbb 
OAB1.BS UKPBR TABIABLB liOADlNa, B. ▲. 

Church, Edison Electric Ilhuninating Com¬ 
pany of Boston. 

Pbozikitt Ettbct IK Cablb Shbatbs, 
H. B. Dwight, Massachusetts Institute of 
Technolcgy 

Cusps xk tsb Spbbd-Tobqub Curtbs op 
iKononoK Motor Dub to Spaob Hab- 
liOKios, P. H. Trkkey, Weettnghonse 
Blectric Sc Mlg. Co. 

LosSBS IK TRAKSPORinRS FOB USB WITB 
Mbrourt Abo Bbotzpzbbs, B« y. DeBUeux, 
General Electric Co. 
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2:00 p. m. Session on Selected Subjects 

Tbsort of Thbrmaij Bbdakoown of 
Solid Dudlbctmcs, P. H. Moon, Massa^ 
chusetts Institute of Tedmology 

Thb Tbrub-Oibottit Tbanbformbr, 

O. P. Bst^ck, General Ballway Signal Co. 

OobB-LoSS MBAStTBUMUNTS AT HiQH- 

Flux Ddnsitt, B. M. Smith and O, Con¬ 
cordia, General Electric Co. 

Bquxyalbkt Oibouits of Impbbfdct 
OoNDBKSBBB, O. I<. Dawos and W. M. 
Goodhue, Harvard University 

8;00p. m. Informal reception—dancing and 
cards 

Thursday, April 30 

9:00 a. m. Symposium on Noise 

Thb Mbasubbmbnt of Noisb in Elbc- 
trical Maoeunbry, B. F. Bailey, Uni¬ 
versity of Michigan 

Am Indicating Mbtbb fob thb 
Mbasubbmbnt and Analysis of Noxbb, 

T, G. Oastn r, Bell Telephone Laboratories, 

E. Dietze and R. S. Tucker, American Tele¬ 
phone and Telegraph Co., and G. T. 
Stanton, Electrical Research Products, Inc. 

Thb Mbasubbmbnt of Machinbry 
Noibb, H. B. Marvin, General Electric Co. 

Induction Rbgulatob Noisb, J. P. 
Foltz and W. B. Shirk, Westinghouse Blec- 
tric&Mfg. Co. 

Magkbtio Noisb in Stnohbomous 
Maoeinbb, Q. Graham, P. Milllken, and 
S. Beckwith, Westinghouse Electric & 
Mfg. Co. 

Elabtio SuproBTS fob Isolating Rotat¬ 
ing Maohinbby, E. H. Hull and W. O. 
Stewart, General Electric Co. 

N isa Mitigation in Substations, 
E. A. Bishop, Commonwealth Edison Co. 

12:00 m. District Executive Committee lunch¬ 
eon 

2:00 p. m. Inspection trips: 

Bausch and Lomb Opticcd Company 
Stromberg-Oarlson Telephone Mfg. Co. 
Monroe Telephone Exchange 
Kodak Park Works, Eastman Kodak Co. 

2:00 p. m. Symposium on Noise —continued 

Demonstration of Noise Measurement 
Apparatus 

6:15 p.m. Joint Dinner Meeting of repre¬ 
sentatives of National Noise Study Com¬ 
mittees of N.E.L.A., N.BM.A., A.S.M.B.. 
A.I.B.E. and other organization 

7:30 p. m. Inspection of Eastman Theater and 
Eastman School of Music, Indudlng a 
performance 

Friday, May 1 

0:00 a. m. Student technical session 
12:00 m, Student luncheon 
2:00 p. TCL Student inspection trips: 
University of Rochester 
Kodak Co. 

Station 33, Rochester Gas & Electric 

Oorp« 

2:00 p. m. Symposium on Lightning 

Lightning, F. W. Peek, Jr., General 
Electric Oo. 


Lightning Discharges Jnd Line Pro¬ 
tective Mbasurbs, R. N. Oonwell, Public 
Service Electric & Gas Co., and O. L. 
Fortescue, Westinghouse Electric & Mfg. • 
Co. 

Lightning Investigation oh thf 220- 
Kv. Stbtbm of thb Pennsylvania Power 
AND Light Oo., Edgar Bell and A. L. Price, 
Pennsylvania Power and Light Oo. 

1930 Lightning Investigations on the 
Transmission System op the American 
Gas and Electric Company, Philip Spom, 
American Gas and Electric Co., and 
W. L. Lloyd, Jr.. General Electric Co. 

Lightning Investigation on the 
Appalachian Blectrio Power Com¬ 
pany's Transmission System, I. W. Gross, 
American Gas and Electric Co., and J. H. 
Cox. Westinghouse Electric & Mfg. Oo. 

Experimental Studibs in the Propa¬ 
gation OF Lightning Surges on Trans¬ 
mission Lines, O. Brune and J. R. Eaton, 
Consumers Power Oo. 

Lightning Investigation on Trans¬ 
mission Limbs —W. W. Lewis and O. M. 
Foust, General Electric Oo. 

6:30 p.m. Dinner; lecture, presentation of 
district prizes, and entertainment with 
dancing. 

Saturday, May 2 

8:30 a. m. Symposium on Lightning— con- 
tinued 

9:00 a. m. Inspection trips: 

General Railway Signal Company 
Station 9 of Rochester Gas and Electric 
Oorp. 

Coke Plant of Rochester Gas and Electric 
Oorp. 

University of Rochester 
Niagara Falls 


1931 Year-Book 
Now Available 

The Institute’s year-book for 1931, 
oontainiiig as usual a complete listing 
arranged both alphabetically and geo¬ 
graphically of names and addresses of 
aU members (correct to January 1,1931), 
a copy of the by-laws and constitution, 
list of Institute officers and committees, 
as well as other information of interest in 
Institute activities, is now available for 
distribution. 

On page 127 there will be found a para¬ 
graph reciuesting the earnest cooperation 
of all members to prevent the use of this 
year-book for advertising or circulariziiig 
purposes. Any such action must be 
considered as outside of its field of appli¬ 
cation, and as absolutely prohibited. 

♦ 

Chemical Exposition 
To be Held in New York 

The thirteenth exposition of Chemical 
Industries will be held at the Gfrand 
Central Palace, New York, during the 
weekMay 4r9,1931. 

The biennial exposition regularly in¬ 
cludes not only exhibits from all of the 
forty or more industries classified as 
chemical, but also those from many othCTs 
producing material or equipment used in 
chemical industries. Thus is offered an 
opportunity for studying a large array of 
equipment, and for comparing competitive 
products side by side. 



Kodak Park--headquafters of the Eastman Kodak Co., one oj 
Rochester's many nationally known industries 
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Plan Your Vacation to Include the Lake Tahoe Convention 



All Engineers Welcome 
At International 
Congress, England 

Anyone expecting to attend the 1931 
International Illumination Congress open¬ 
ing at London September 2, 1931 (detail 
of which was published in the January 
Elbctricaii Enginbering, p. 59), should 
notify G, H. Stickney, secretary of the 
U. S, National Committee, Nela Park, 
Cleveland, Ohio. 

Every endeavor is being made to keep 
the cost of travel as reasonable as possible; 
the conference is open to all interested in 
illumination in any of its branches, and 
the registration fee of £2 includes a copy 
of the proceedings of the congress; ladies 
exempt from all fees. A reception will be 
tendered by the civic authorities of each 
city in which the congress holds session. 


Refrigeration Safety Code 

The American Standards Safety Code 
for l^Iechaiuical Refrigeration has just 
been^^ublished (February 1931) by the 
American Standards Association, 29 West 
39th Street, New York, N. Y- The code 
which sponsored by the American 
Society of Refrigerating Engineej;^, was 
approved by the American Standards 
Association in October 1930, and already 
has been adopted in its entirety by several 
ciries; still others, are considering its 
adoption. It represents one of the most 
importont instances of the precaution 
necessary to prevent improper installation 
or use of technical equipment, already 
being taken by industry instead of its 
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waiting to be forced into such action by 
public demand. 

The booklet containing the safety code 
contains complete but concise informa¬ 
tion about the code and its advantages. 
It has been prepared as a reference 
manual for the use of any person or 
oi^anization interested in its general 
adoption and use and it provides thor¬ 
oughly practical and adequate regulatory 
measures for safe installation, operation, 
and inspection of mechanical refrigeration 
systems or units. 


Washington Award 
Made to Ralph Modjeska 

Oa February 25, 1931, before 360 
members and guests of the five societies 
participating, Doctor Ralph Modjeska 
who in 1929 received the John Fritz 
Medal, highest American engineering 
award, had bestowed upon bim the new 
honor of the Washington Award “for 
pre-eminent service in advaneing human 
progress.” Dr. Modjeska*s history is too 
well known to require delineation here. 

This award is administered by the 
.Western Society of Engineers (Chicago) 
upon the recommendation of a commis¬ 
sion representing the four founder socie¬ 
ties; this year’s ceremonies were at the 
Palmer House, Chicago, with Elmer T. 
Howson, chairman of the commission, 
presiding. Dr. Modjeska’s acceptance 
was brief and was followed by a well-. 
planned program at which Ralph Budd, 
president of the Great Northern Railway 
and principal speaker of the evening, gave 
an inspiring address upon the importance 
of the engineer’s qualifying more fully 
to . meet the economic problems , bearing 
upon human progress. 


AN OPPORTUNITY for a dehghtful 
and useful summer trip is afforded 
by the choice of Lake Tahoe, California, 
as the scene of the Pacific Coast conven¬ 
tion to be held August 25-29,1931. Lake 
Tahoe is strategically situated—on a 
transcontinental main-line railroad, a 
mile high in the famous Sierra Nevada 
Mountains—^and provides facilities that 
will make this a highly successful family 
convention. And the high-caliber: tech-' 
nical program that rapidly is being com¬ 
pleted will well justify an extra effort to 
attend. 


Summer Gouvehtion 
At AsheviUe, N. G., 

June 22-26 

The annual summer convention of the 
Insti^te will be held at Asheville, N. C., 
June 22-26, with headquarters at the 
Grove Park Inin. • 

Asheville, widely proclaimed by Presi¬ 
dent Lee as the “land of the sky,” is 
located in the highest part of the Blue 
Ridge Mountains, at an elevation of 
approximately 2,700 ft., and is counted 
one of the most scenic splendors of the 
South. Mt. Mitchell, rising to a height 
of 6,711 ft., and the highest peak east of 
the Rookies, is but a short distance away. 
The city’s geographical location offew a 
splendid opportunity for members and 
their guests to visit such scenic points as 
Chimney Rock, Lake Lure, etc. 

Seven technical sessions of broad scope 
and current interest have been scheduled 
tentatively as follows: automatic sta¬ 
tions, symposium on system interconnec¬ 
tion, cables, communication, instruments 
and measurements, electrical machinery , 
selected subjects, and research. . The 
annual reports of technical committees, 
outlining advances in theory and practise 
of electrical activities in the various fields 
will also become available. 

More complete details of this exceptioiial 
program will be announced in subsequent 
issues of Electrical Engineering. 


Two Important Meetings 
at Birmingham 

Birmingham (Ala.) the ‘largest city for 
its age in the world” wiU be possessed of a 
double importance when The American 
Society of Mechanical Engineers holds its 
semi'^anaual meeting there April 20^23, 
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1931, followed by an overlapping meeting 
of the American Electrochemical Society 
April 23-25. Headquarters for both of • 
these meetings will be the Hotel Tutwiler, 
ideally situated in the “city beautiful” 
which lies among the foothills of the 
Appalachian Mountain group, with Red 
Mountain, Shades Mountain, the Moun¬ 
tain Brook Country Club, and the Bir¬ 
mingham Country Club all close at hand. 

A system of electriftcation has been 
built up covering the state from Muscle 
Shoals to Mobile; a part of the attractive 
program arranged for the A. S. M. E. 
meeting will be devoted to the inspection 
of important industrial plants with gen¬ 
erous allowance of time to be spent on 
hydroelectric installations—the Alabama 
Power Company’s installation at Martin 
Dam, a reservoir of 40,000 acres furnish¬ 
ing 3,000,000 kw. storage, and Jordan 
tiam, the maximum head of which is 91 
ft. Also there will be an interesting 
railroad session, one on power, another on 
safety, and still another on the handling 
of materials and machine shop practise, 
besides others devoted to siibjects of more 
purely mechanical interests, each how¬ 
ever with its quota of well-selected and 
carefully prepared subjects. 


Astronomy 
and Electricity 

As a fitting climax to one of the most 
successful years that the New York 
Section of the Institute has ever had, 
where the total attendance will exceed by 
350 per cent that of the previous year, 
the officers of the Section have arranged 
an evening on “Astronomy and Electric¬ 
ity” to be held jointly with the New 
York Electrical Society in the Engineer¬ 
ing Auditorium, * 33 West 39th Street, 
New York, at 8:16 p. m. on Friday, 
Aprfi24,1931. 

The speaker win be Dr. H. T. Stetson, 
director of the Perkins Observatory of 
Ohio Wesleyan University, Delaware, 
Ohio, which has the third largest tele¬ 
scope in the world. Dr. Stetson will 
outline clearly the results of recent 
investigation of the effects of solar 
activity on the earth’s magnetism and 
on radio transmission. Sun spots and 
other astronomical phenomena will be 
dealt with in a manner understandable 
and entertaining to the engineer. 

Preceding Dr. Stetson’s talk, a de¬ 
scription of the “Electrical Projection 
Planetarium” will be presented by 
Dr. Clyde Fisher of the American 
Museum of Natural History. 

Both speakers are eminent in their 
respective fields and both talks will be 
profusely illustrfbted. 


I N calling attention.to the availability 
of the annual report of United Engi¬ 
neering Trustees, Inc., a short historical 
outline may be of interest. 

The United Engineering Trustees, Inc., 
which originally was called the United 
Engineering Society and then for a time 
Engineering Foundation, Inc., was in¬ 
corporated in 1904 to administer the 
Engineering Societies Building, certain 
endowments, and other funds for its 
Founder Societies, the national societies 
of civil, mining, mechanical, and electrical 
engineers. Its objects—which are to 
maintain a free engineering library—to 
advance the engineering arts and sciences, 
to further research, are carried on 
through its three departments: The 
Engineering Societies Library, The Engi¬ 
neering Foundation, and the Admmistrar 
tive Department. 

The three events of greatest significance 


in its history are the erection of the 
Engineering Societies Bxdlding at 29 West 
39th Street, New York City (dedicated in 
1907), the consolidation of the various 
society libraries in 1913 together with the 
establishment of the Library Endowment 
Fund by a gift from Dr. James Douglas of 
$100,000, and the creation of an engineer¬ 
ing research foundation known as The 
Engineering Foundation, through the 
suggestion and generosity of Ambrose 
Swasey, whose gifts now total half a 
million dollars. The various funds over 
which the trustees now have supervision 
amount to $1,136,000. 

In President Francis Lee Stuart’s 
annual report for 1930 it is pointed out 
that the assets for which the corporation is 
responsible (real estate at cost, funds, and 
library as appraised) total $3,524,422.27. 
The development committee gSithered 
data during the year on which to base an 


SUMMARY OF 1930 FINANCIAL REPORT 

Operation of Riilldin^ 


Credit balance January 1, 1930. 

Building revenue 1930. ,on ota kji 

Building expenditures 1930. 

Total....... .. 

Annual payment to dep. and renewal fund. 

Beimbursement of general reserve fund. • 

Payment to reserve for futui*e fire insurance. 


Sm3.17D.65 


1.650.00 


Credit balance December 31, 1930. 

Operation of Library 

S50.287.71 

Maintenance revenue... 48 046 69 

Maintenance expenditures........ * 

. 2,241.02 

. 3,447.93 


Credit balance for year 1930... 

Credit balance from preceding years. 


S12.290.06 

12.896.07 

$25,186.73 


14,550.00 

$10,636.73 


$21,659.89 


Total credit balance December 31,1930—.. 

Service bureau revenue. w\aAo la 

Service bureau expenditures and adjustments... 

717 71 

Credit bjaanoe for year 1030.,... .mrt’as 

Credit balance from preceding; years... ’ 

Totid credit balance December 81, IMO. 

FnndUi and Property 

Funds Held by U. B, T. Inc., pec. 31. 1030 (Book Value) 

Depreciation and renewal fund.... •. 

Ceneral reserve fund... 

Engineering fotmdatlon fund...*.. .. 

Henry R. Towne engineering fund.... 

Library endowment fund.....’ 

Edward Deap Adams fund... 

John Fritz Medal fund (Custodian)... 

Louvain Memorial fund..... 

Total........... .. 

Real estate owned, cost to Dec. 31» 1930... 

Operating cash and petty cash. 

Accounts receivable...... .. 

Value of library (as appraised for Insurance). 

Endowment committee loan receivable.. 

Unexpired fire insurance premiums. 

Fire insurance fund (cash uninvested) —. ,**;■”* . 

Total property whl<di U. E. T. Inc, owns or holds. 


$ 5.688.05 


$ 4,733.96 


283,734.79 

3.034.40 

529,253.65 

50,078.13 

173.475.32 

100,000.00 

3,500.00 

8.589.95 

$1,152,666.24 

1,987,793.92 

15,592.43 

1.878.79 

368.544.00 

1,700.00 

3.297.09 

3,050.00 

. *3.624.422.47 
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estimate of tke societies’ needs for 
accommodations in the next ten years or 
more and a project for meeting those 
needs is under consideration. The Engi¬ 
neering Societies Budding is reported in 
good condition but overcrowded. 

In April, 1930 at the 60th anniversary 
of the American Society of Mechanical 
Engineers, a memorial tablet was placed 
in the entrance hall. The War Memorial 
to American Engineers in the Louvain 
Library continues to be of great interest 
to visitors to Belgium. 

In passing to the summary of the 
dnandal report, it is worthy of note that 
all departments closed the year without 
deficits. 


gnuneerin^ 
FoiunJalioii 


Dielectric Research to Reveal 
Fundamental Properties 

A Study of the fundamental properties 
of dielectrics, a research conducted by 
Prof. J. B, Whitehead at The Johns 
Hopkins University, Baltimore, is part of 
a comprehensive program directed by the 
National Hesearch Councd’s committee 
on electrical insulation. 

Durii^ the year, the work on the re¬ 
search aided by Engineering Foundation 
has been mostly the design, construction, 
and installation of apparatus for exhaus¬ 
tive investigation of the dielectric proper^ 
ties of liquids, particularly insulating oils. 
The apparatus was successfully completed 
during 1930 and papers covering these 
resecCrches are appearing from time to 
time in the publications of the A. I. E. E. 


Weldinig Research 
Aided hy Foundation 

At the request of the A. 1. E. E. the 
Engmeering Foim4a>tion is aidmg an 
investigation of pure iron electrodes to 
obtain basic data of use to electric welders. 

This research is being conducted by 
Prof. Gilbert E. Doan under an agreement 
between the Foundation and Lehigh 
University. It was nndertaken in June 
1930 and progress has been made in 
designing and installing special apparatus 
and in developing methods. 
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Specifications for Dry 
Cells and Batteries 

American standard specifications for 
dry cells and batteries have been issued 
recently as Circular No. 390 of the Bureau 
of Standards. These specifications pre¬ 
pared by the Bureau with the cooperation 
of manufacturers and users are a revision 
of the American standard of Feb. 27,1928. 
The revision has been carried out concur¬ 
rently by a technical committee of the 
Federal Specifications Board and the 
sectional committee of the A. S, A.; the 
two specifications are identical in sub¬ 
stance, differing only in arrangement. 
Copies of Circular No. 390 may be ob¬ 
tained from the Superintendent of Docu¬ 
ments, Washington, D. C., at a price of 
5 cents per copy. 


Weatherproof and Heat- 
Resisting Wire and Gable 
Specifications Approved 

Two speciflcatioi^ developed by the 
sectional committee on insulated wires 
and cables came before the standards 
committee of the Institute on January 
23, when they were approved by it; and 
subsequently by the board of directors 
on January 28, 1931, The specifications 
are as follows: 

1. Weatherproof (weather-resisting) 
Wires and Cables: These specifications 
cover weatherproof wires and cables and 
the materials used for the braids and 
saturating compounds as applied to me¬ 
tallic conductors. 

2. Heat-Resxstmg Wires and Cables: 
These cover the usual type of heat- 
resisting coating commonly known as 
'*slow-buming,” applied to metallic con¬ 
ductors for use in hot, dry locations where 
the standard insulating materials would 
not endure long or where the presence of 
large masses of infiammable materials 
would be objectionable. 

Both of these specifications were de¬ 
veloped by the committee acting under 
the procedure of the American Standards 
Association and the sponsorship of the 
A. I. E. E. and nine other bodies. They 
are now before A. S. A. for approval as 
American standards and upon the grant¬ 
ing of such approval will be issued in 
pamphlet form by the Institute. 




Specifications for 
Code Rubber Approved 

A “Specification for Code Rubber 
Insulation for Wire and Cable for General 
Purposes” as developed by the sectional 
committee on insulated wires and cables, 
also was approved by the standards com¬ 
mittee and subsequently (Jan. 28, 1931) 
by the board of directors. This specifioar 
tion will foUow the same procedure as the 
two previously mentioned, and upon 
approval as an American standard will ^ 
be issued by the Institute. 


Revised Report on Proposed 
Lightning Arrester Standards 

The protective devices committee of 
the Institute has just reported on re¬ 
vision of the proposed “Standards for 
Lightning Arresters.” The first report 
on this subject has been available since 
May 1928; the revision will be issued in 
pamphlet form replacing Report No. 28 
of that date. Comments and criticisms 
are urgently requested and should be 
forwarded to Raymond Bailey, chairman 
A. 1. E.E. protective devices committee, 
Philadelphia Electric Co., 900 Sansom 
St., Philadelphia, Pa. Copies of revised 
Report No. 28 may be had without charge 
by addressing H. E. Farrer, secretary 
standards committee, A. I. E. E., 33 
West 39th St., New York, N. Y. 


Persional 


D. C. Pbincid has been appointed engi¬ 
neer of the switchgear department of the 
General Electric Company at Philadel¬ 
phia. The appointment includes super¬ 
vision of switchgear research activities 
at Schenectady. Mr. Prince has been 
with the General Electric since 1912, 
his work including the radio engineering 
department, the research laboratory and 
the switchgear department as research 
engineer. B. M. Spurck continues as 
assistant engineer with extended duties, 
and Chester Lichtenberg, assistant engi¬ 
neer since 1927, has been relieved of his 
duties to undertake a special assignment. 


E. 0. Shbuvb, assistant vice-president 
in charge of sales. General Electric Com¬ 
pany, Schenectady, made a tour of its 
western offices last month, including 
those in DaJlas, Houston, El Paso, 
Phoenix, Los Angeles, §an Francisco, 
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PortLaad, Seattle, Spokane, Salt Lake, 
and Denver. In liis capacity as a direc¬ 
tor in the American Management Asso¬ 
ciation, he spoke before the Iron and 
Steel Conference, CaJifomia State Cham¬ 
ber of Commerce, at Del Monte, Calif., 
and was the feature speaker at a meeting 
of the San Francisco Electrical Develop¬ 
ment League. 


D. W. Probbstbl, for many years 
test engineer for the Portland General 
Electric Company, Portland, Ore., and 
its predecessors, has been promoted to the 
engineering department of the parent 
company. Central Public Service Cor¬ 
poration, Chicago. In his new position 
Mr. Proebstel will be assistant in electrical 
engineering to L. N. Boy sen, who is 
assistant to the operating vice-president. 


ChabiiBS F. Rtjffnbr has resigned as a 
vice-president of the Niagarar'Hu<feon 
Power Company, but continues as chairs 
man of the board and a director of the 
New York Power & Light Corporation. 


Thomas S. Wood, electrical manufac¬ 
turers’ agent, Seattle, recently attended 
the convention of the Sangamo 

Electric Company at Springfield, Ill. 


HadXiBY F. Frbbman of Cleveland 
associating himself with G. M. Albrecht, 
former examiner in the United States 
Patent Office has opened offices under 
the company name of B^eeman and 
Albrecht, Patent Attorneys, at 807 
Mariner Tower, Milwaukee, Wisconsin. 
Mr. Freeman is a member of the firm of 
Smith and Freeman, Patent Attorneys, 
Cleveland, and of Freeman and Sweet, 
Patent Attorneys, Chicago; both will 
be represented by the new firm. 


♦ 


H. C. Leonaed, who was elected presi¬ 
dent of the Electrical League of El Paso 
(Texas) at a recent meeting, has been 
known to the electrical fraternity of 
El Paso for less than a year. He came to 
the western city last summer to take over 
the duties of general superintendent of the 
El Paso Electric Company, succeeding 
W. R. Bell, who was transferred to other 
Stone & Webster properties at Baton 
Rouge, La. 


Frank J. Airet, division manager of 
the General Electric Supply Corporation 
at Los Angeles, was elected chairman of 
the Pacific Dmsion, National Electric 
Wholesalers’ Association, at the annual 
meeting of the organization at Del Monte, 
Calif. He has been in the electrical mer¬ 
chandizing business more than 42 years, 
having occupied the various positions of 
salesman, saljss manager, division man¬ 
ager and general manager. 


W. H. Lesser has been appointed 
combustion and mechanical engineer of 
the newly organized Penn Anthracite 
Collieries Company, Scranton, Pa. Mr. 
Lesser has wide practical experience in 
the preparation, utilization, and distribu¬ 
tion of anthracite. As a member of the 
American Institute of Electrical Engi¬ 
neers he has served as chainnan of the 
Committee on Applications, to Mining 
Work. 


J. B. MacNeill Now 
Distribution Manager 

J. B. MacNeill, who has held succes¬ 
sively the positions of circuit-breaker 
engineer, section leader on circuit breakers, 
and manager of the circuit-breaker en¬ 
gineering department of Westinghouse 



J. B. MaoNBILL 


Electric and Manufacturing Company, 
has now received a new appointment as 
general manager of distribution engineer¬ 
ing with headquarters at Bast Pittsburgh, 
This group comprises the engineering 
activities of switchboards, circuit breakers, 
meters, relays, high-voltage insulators, 
and lightning arresters. Improvements 
in modern switching equipment including 
the development of deion circuit breakers 
has been carried out under Mr. MacNeill’s 
direction. He is a member of the 
National Electrical Manufacturers Asso¬ 
ciation, and spent the summer of 1930 
reviewing European practise on switch¬ 
gear and distribution apparatus, after 
attending the World Power Conference 
at Berlin as a representative of NEMA. 


Albert M. Jaoobs has been elected 
president of the South African Institute 
of Electrical Engineers for the current 
year. For the past five years he l^s 
been a member of the board and chief 
technical offices of the Electricity Supply 
Commission in the Union of South Africa. 


S. R. Inch, a vice-president of the 
Electric Bond & Share Company, has 
been elected executive vice-president. 


T. S. Perkins Named 
Merchandising Manager 

T. S. Perkins has been chosen to head 
the new “merchandising department” of 
Westinghoiise Electric and Manufactur¬ 
ing Company, East Pittsburgh, and will 
become executive of these new engineering 
activities with the title of general manager 
of merchandising engineering. In this 
position he will represent S. M. Kantner, 
assistant vice-president, in work of supply, 
appliance, refrigeration, and illuminating 
engineering departments. Mr. Perkins 
joined the Westinghouse organization 
immediately after his graduation from 
Worcester Polytechnic Institute in 1893 
and has been with that company continu¬ 
ously since that time. For six years he 



T, S. PEKKINS 

has been a member of the Irwin (Pa.) 
Borough Council and president of that 
body for two years. He also has served 
as vice-president of the Westmorel^d 
County Council, Boy Scouts of America; 
he wa.s one of the organizers of the Irwin 
Saving and Trust Company, of which he 
is one of the directors, and is a past-presi¬ 
dent of the Irwin Chamber of Commerce. 
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A. H. CBOS8MAN, sales engineer for the 
pacific Electric Mfg. Corp., San Fran¬ 
cisco, California, and an Associate of the 
Institute since 1928, died at his home, 
Burlingame, Calif., February 8, 1931. 
A native of Cambridge, Mass., Mr. 
Crossman obtained his A. B. from Bow- 
doin College, Brunswick, Maine, in 1916 
and his B. S. degree from M. I. T. in 
1923, specializing in Economics at the 
first mentioned college and in hydroelec¬ 
tric engineering at M. I. T. In three 
years, from 1917 to 1920, he rose from 
second lieutenant to captain’s rank in the 
Coast Artillery Corps, U. S. Army; three 
years later he joined the Southern Sierra 
Power Company at Riverside, Calif., 
embracing a student course which it was 
offering and advancing from Engineer 
in the distribution department to sales 
engineer, his last office. 


H. M. Walmslet, a Member of the 
Institute since 1921, died January 5 at 
Christ Hospital, Cincinnati, Ohio, follow¬ 
ing an operation for appendicitis. He 
had been in the electrical engineering 
field ever since 1905, when he took the 
G. E. Test Course at Schenectady im¬ 
mediately following graduation foom 
Purdue University. He was born in 
Chicago, amd his ^t work after comple¬ 
tion of the Test Course was with the 
operating and construction departments 
of the Commonwealth Edison Company. 
From Chicago he went to Canton, Ohio, 
as resident engineer for Sargent and 
Lundy, and the American Gas and Elec¬ 
tric Company and idso the Canton 
Electric Company. In the interests of 
the first two companies, he went to West 
Virginia to care for the erection of a new 


Corporation, Albany, died suddenly 
March 6th of acute dilation of the heart. 
He was bom at Lehighton, Pa. July 5, 
1879, and since 1907 had been an 
Associate of the Institute. His B. S. 
in E. E. was conferred upon him when 
he graduated from the Pennsylvania 
State College in 1901, and in July of 
that same year he entered the testing 
department of the General Electric 
Company at Schenectady. In August 
1903 he joined the Hudson River Electric 
Power Company, first on electrical con¬ 
struction work, but rising shortly to the 
office of assistant electrical engineer. 
Mr. Hunsicker was active in building the 
Spier Falls hydraulic project, one of the 
imi>ortant developments of the section 
in which he has spent most of his profes¬ 
sional life. 


V. 0. Chbwninq, assistant electrical 
engineer of the Illinois Terminal Rail¬ 
road System, died February 15, 1931, 
in the Bames Hospital, St. Louis, Mo. 
Mr. Ghewning was bom at Taylorville, 
m., in 1892; he served two years over¬ 
seas during the World War and for three 
years was employed as local manager for 
the Central Illinois Public Service Com¬ 
pany at Charleston, Illinois. Ten years 
ago he joined the Illinois Terminid Rail¬ 
way System, where his services were 
principally on the construction, main¬ 
tenance and operation of railway sub¬ 
stations. For a year and a half he was 
chief power dispatcher for the company 


at Taylorville, Illinois. He joined the 
Institute as an Associate in 1922. 


JVJIJresses 


A list of members whose mail has been, 
returned by the postal authorities is 
given below, with the addresses as they 
now appear on the Institute records. 
Any member knowing of corrections to 
these addresses will kindly communicate 
them at once to the ofifice of the secretary 
at 33 West 39t S.i New York, N. Y. 

Datis, R. H.,. Wefitinghoose E. A M. Oo.. Bast 
Pittsburgh, Pa. 

Dawson, Lbonaed L., 98 liOOker Ave.. Spring- 
Held. N.J. 

DiLvoof. A.. Box 1051, Chicago, Ill. 

Duanb. Obobob B.. Otis Blevator Co., Tonkers, 
N.Y. 

Oalb, R. B., 706 N. 19th St., Boise. Idaho. 

Ezgab, D. F., 1403 Minnie St., Port Huron, 
Mich. 

Munot. V. B.. Ohio Mechanics Institute. Oln- 
cinnati, Ohio. 

Nioaox.8, F. A., 801 Belmont Apta, Seattie, 
Wash. 

Pnbkk. Viotob N.. 940 Broad St., Newark, N. J. 

Sbbbwood, W. B., Kew Gardens, 2700 Que St. 
N, W., Washington, D. O. 

SuNBT. Davii), 11 Orchard St., Oranfprd, N. J. 
Van Wton, P. V. B., Summit, N. J. 


L «<«1 


10,000-kw. station for the Wheeling 
Electric Company, 'fhis was in 1913, 
and the following year he represented 
these same firms in the work of a new 
power station for the Ohio Light and 
Power Company, at Newark, Ohio. A 
$7,000,000 station and distribution sys¬ 
tem for the Cindonati Gas and Electric 
Company was another product of his 
executive ability, as were the stations of 
the Kansas City Light and Power Com¬ 
pany, the Public Service Company of 
Okl^oma, and the power and ice-plant of 
the Albilene light. Water and Gas Com¬ 
pany, Albilene, Texas. Mr. Walmsley 
was a member also of the American 
Society of Meohanioal Engineers. 


Habby j. Hunsickeb, electrical engi¬ 
neer of the New York Power and light 


Joint Meeting 
Held in Virginia 

A joint meeting of the local Sections 
of the A. S. 0. E., A. S. M. E., and 
A. I. E. E. and the Engineers Club of 
Hampton Roads was held at the South¬ 
land Hotel, Norfolk, January 30-31,1931, 
with an attendance of 94. The program 
was as follows: 

' Friday Biornind 

F. F. Harrington. Cbairman, Virginia State 
Section. A. 8. O. E..presiding. 

Industriaii Hbatinq. by M. K. Clark. York 
Heating and Ventilating Oorp. 

Thb Fain or thb Iron Horsb—^A mov^ 
picture. Business sessions of State Sections. 

Limck^n 

Charles W. Johnston, president. Bnglneers 
Club of Hampton Roads, presiding. 


Welcoming Address, by Hon. B. Jeff 
Robertson, Mayor of Norfolk. 

Thb North Atlantic Iob Patrol, by 
Captain William J. Wheeler, IT. 8. Coast Guard, 
Hitb moving picture Him, 

Wbatbbr PRBnxoTiNe, by 0. H. Richardson, 
meteorologist, tJ. S. Weather Bureau, Norfolk, 
Va. 

Widay Afternoon 

Motor bus excursion to Little Creek Terminal, 
Penn. R. R.; Cape Henry, V Port Story, 
(harbor defenses of Chesapeake Bay); and 
Virginia BeariL 

Friday Ev nlnd 

Dinner at Pine Tree Inn, Virginia Beaoh, 
J. H. Berry, chairman, Southei^n Virginia 
Section, A. I. B. E. presiding, 

Tbobnoloqioal UNBimoTMBNT, by Pro¬ 
fessor Dexter S. KlnibaU, dean Of ^e College of 
Engineering, Cornell UnivOrsIty. 

Blbotrxoxtt—^Past, Pbbsbnsp, anb Futvrz, 
by C. M. Ripley, General Sleety Co. 
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Saturday 

Golf; special visits to Navy Yard, Naval 
Base, and other places of Interest. 

At the business meeting of the 
A. I. E. B. Section the followii^ officers 
were elected to take office Pebruftry 1, 
1931: J. H. Berry, Chairman; B. L. 
Lockwood, Secretary-Treasurer; E. S. 
Pitz and S. C. Poster, Executive Com¬ 
mittee. 

♦ 

Branches Organized at 
U. of Illinois and Rice 
Institute 

The formation of Student Branches of 
the Institute at the University of Illinois 
and at Rice Institute was authorized by 
the Board of Directors at its meeting 
held on January 28, 1931. Both groups 
have completed their organization, and 
the following officers are in charge: 

Univbbbitt op iLiiiKotB: W. P. Burgland, 
president; F. M, Doerhake, vice-president; 
G. L. Bodwell, secretary; B. B. Wood, treasurer. 

Bicb Institute: A. B. Edwards, president; 
D, B. Good, vice-president; M. B. Kattmann, 
secretary; K. Beyette, treasurer; A, M. 
Wlttmann, executive committee member. 


Section Meeiinos 


Niagara Froatier 

April 17, 1931—Abt of Enqinbeking, 
by Mr. Dohner, Westinghouse Electric & 
Mfg. Co. 

May 15,1931—Subject and speaker to 
be auuouuced later. 

Seattle 

April 21, 1931—Annual joiut meetii^ 
with the A. I. E. E. Student Branch of the 
University of Washington. Program un¬ 
der the auspices of the students. 

May 19, 1931—The best paper sub¬ 
mitted in the annual competition for 
prizes will be presented at this meeting. 

Sharon 

May 5,1931—The Contributions of 
Telephone Research to the Talking 
Motion Ptctueb Industry, by J. 0. 
Perrine, Associate Editor, Bell System 
Technical Joumal. 

Spokane 

April 24,1931—Joint meeting with 1iie 
Student Branches of The State College of 
Washington and University of Idaho. 
Papers by local members and students. 
Meeting to be held at Pullman, Wash. 

May 22,1931—Annual Dinner Meeting. 
History of the Electrical Develop¬ 
ment OF THE Inland Empire, by John 
B.Fisken. Election of officers. 

Toledo 

April 17, 1931—High Lights in the 
Glass Industry, by A. H. Stebbins, 
Libbey Ford Glass Co. Storage Bat¬ 
teries, by W. B. DunR, Electric Storage 
Battery Co. 

May 22,1931—Speakers—T. J. Nolan, 
' Toledo Edison Co. and J. T. Greene, 
Police and Fire Alarm System. 


A^ciation of Commerce. Dinner in 
honor of the speaker preceded the meet¬ 
ing. January 16. Attendance 1,700. 

Municipal Rapid Transit Subways 
OF New York City, by Robert Ridgway, 
chief engineer. Board of Transportation 
of New York City. Illustrated. Joint 
meeting of the local engineering societies, 
sponsored by the A. S. C. E. February 4. 
Attendance 120. 

The proposed bill for the Registration 
of Engineers in the State of Maryland 
was discussed by the following speakers: 
Henry G. Perring, S. S. Steinberg, 
W. B. D. Penniman, W. B. Kouwenhoven 
F. T. Leilich, E. D. Edmonston, A. L. 
Penniman, and others. After consider¬ 
able discussion a resolution was unam- 
mously adopted stating that the enact¬ 
ment of the registration law in the 
Maryland Free State was neither desirable 
nor beneficial to either the public or the 
members of the engineering profession. 
February 17. Attendance 200. 

Lightning Research, by Edward W. 
Beck, Westinghouse Electric'& Mfg. Co. 
Mr. Beck presented a r6sum6 of the 


see and New Jersey, and showed numer¬ 
ous slides illustrating experiments with 
the auto-valve arrester that have been 
performed on transmission lines. Febru¬ 
ary 20. Attendance 78. 


Cincinnati 

Television: Its Physical, Psycho¬ 
logical, AND Fundamental Principles, 
by Dr. J. 0. Perrine, associate editor, 
Bell System Technical Journal. Demon¬ 
stration of the use of the scanning disk 
and photoeleetriG cell. January 15. Atr 
tendance 570. 

Some New and Interesting Db- 


Gleveland 

April 16, 1931— Human Relations in 
Industry, by Whiting Williams. Joint 
meeting with Student Branch of Case 
School of Applied* Science, at which two 
papers will be presented by students. 

May 21,1931—Annual dinner meeting. 
Speaker—W. S. Lee, vice-president and 
consulting engineer, Duke Power Com¬ 
pany, and president, American Institute 
of Electrical Engineers. ■ 

Detroit-Ann Arbor 

April 21, 1931 —IOOO-Deg. Turbine, 
by Paul W. Thompson, Detroit Edison 
Co. Meeting to be held at the Detroit 
Edison Auditorium. 

May 19,1931—Subject and speaker to 
be announced later. 

Lehigh Valley 

April 24, 1931—Ladies’ Ni^t, to be 
held at Amerieus Hotel, AUentown, Pa. 

. May 16, 1931 —Annual Meeting. Sys¬ 
tem Development, by B- C. Stone, 
assistant to senior vice-president, The 
Pbiiaddphia Company. Meeting to he 
held at Altamonli Hotel, Bfaaleton, Pa. 


P.MI 


Akron 

Electronic Tubes and Theib Appli¬ 
cations, by H. P. Sparkes, Westu^ouse 
Electric & Mfg- Co. Demonstrations. 
February 12. Attendance 150. 

Atlanta 

Speed, Unemployment and Progress, 
by Dr. William MoGlellan, vice-president, 
Stone & Webster Engineering , Corp. 
•n innftr preceded the meeting. February 
27. Attendance 73. 

Baltimore 


VBLOPMBNTS IN ENGINEERING AND 

Research, by A. M. Dudley, Westing- 
house Electric & Mfe* Co. February. 12. 
Attendance 98. 

Cleveland 

The Flying Telephone, by F. M. 
Ryan, Bell Telephoae Laboratories, Inc. 
The development work which was neces¬ 
sary before actually designing telephone 
equipment for aeronautical purposes was 
explained and illustrated. February 19. 
Attendance 176. 

Columbus 

Recent Advances in Aircraft Cqm- 
MUNiCATioN, by F. M. Ryan', Bell 'Tele¬ 
phone Laboratories, Inc. Illustrated by 
iftTi tAm .slides and a Western Electno 
sound picture “The Flying Telephone;’ 
also, an exhibition of the types of appara¬ 
tus employed in aviation radio installa¬ 
tions. February 20. Attendance 135. 

Connecticut 


Marvels of Sound Transmission, by 
S. P. Grace, assistant vice-president, Bell, 
Telephone Laboratories, Ino. D^on- 
strations. Meeting held jointly with all 
engineerii^ sooietieB of Baltimore and the 


Class Insulation, by Wm.W. Shaver, 
Coming Glass Works. Slides and moving 
piotmres were presented illustrating ^e 
manufacture of glass, methods of h and lin g 
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and moulding glass, and the comparative 
tests of glass insulators with porcelain 
insulators. February 11, Attendance 63. 

Dallas 

St. L'ouis-Dallas Underground 
Toll Cable, by C. W. Nystrom, South¬ 
western Bell Telephone Co. Illustrated 
with fihns and slides. January 19. 
Attendance 106. 

Lighting the Home, by Miss Ethel 
Hudson, Dallas Power & Light Co. 
Illustrated with slides. Joint meeting 
with Illuminating Engineering Society. 
February 16. Attendance 94. 

Denver 

Radiation, by Paul Luekenbach, 
General Electric Company. Joint meet¬ 
ing with the A. S. M. E., A. C. S., Colo¬ 
rado Scientiftc Society, and Teknik Club. 
February 6. Attendance 160. 

Detroit-Ann Arbor 

Electric Power Gables, by G. B. 
McCabe, Detroit Edison Co., and L. F. 
Hickernell, Allied Engineers, Inc. This 
subject was divided into two parts; 
Mr. McCabe outlined the manufacture, 
construction, installation, operation, and 
recent improvements in design, and Mr. 
Hickernell spoke on the application and 
specifications. Slides were used to illus¬ 
trate the design and use of many lands of 
cable; . January 20. Attendance 200. 

The Detroit Toll Board, by E. C. 
Baleh, Michigan Bell Telephone Co. 
Preceding this meeting, there was an 
inspection trip through the Detroit Toll 
Board. February 17. Attendance 200. 

Indianapolis-Lafayette 

The Deion Breaker, by B. P. Baker, 
Westinghouse Electric & Mfg. Co. 
Mr. Baker discussed the theory under¬ 
lying the construction and uses of the 
Deion air breaker and Deion grid breaker. 
Illustrated. February 20. Attendance 
62. 

Iowa 

Electric Etb, ^Stroboscope, and 
Televox, by H. B. Stevens, Westing- 
house Elec. & Mfg. Co. Apparatus was 
used to demonstrate the use of the 
Electric Eye and Televox. Joint meeting 
with the Iowa State College Branch. 

. February 6. Attendance 339. 

Itbaca 

Outdoor Lighting, by *E. H. Powell, 
General Electric Co. February 20. 
Attendance 36. 

Lehigh Valley 

Recent Developments in Genera¬ 
tion AND Transmission op Electric 
Power, by R. C. Bergvall, Westinghouse 
Electric & Mfg. Co. Outline of recent 
developments in electrical equipment 
to promote sj^stem stability under faulty 
or abnormal conditions. Meeting held 
at Hotel Casey, Scranton, Pa. February 
4. Attendance 93. 


The Future op Vacuum Tubes, by 
Dr. Albert W. Hull, General Electric Co. 
Joint meeting with the Engineers Club, 
held at Hotel Easton, Easton, Pa. 
February 27. Attendance 175. 

Los Angeles 

Dynamic Power Limits op Trans¬ 
mission Systems, by Wm. S. Peterson, 
Los Angeles Bureau of Power & Light. 
Mr. Peterson used the Griscom Mechani¬ 
cal Devices for illustrating stability 
problems, and also used a nurhber of 
slides showing methods of calculation. 
Discussion followed. February 17. At¬ 
tendance 76. 

Louisville 

Speed, Unemployment, and Prog¬ 
ress, by Dr. William McClellan, vice- 
president, Stone & Webster Engg. Corp. 
February 20. Attendance 52. 

Madison 

Joint meeting with the University of 
Wisconsin Branch, at which the following 
papers were presented by students: 

Automatic Oscillographs, by J. D. 
Cobine; 

Trends in Electrical Construction, 
by R. J. Niekles, Jr.; 

Copper-Oxide Rectifiers, by John L. 
Jones. February 18. Attendance 55, 

Memphis 

The Operation op the Distribution 
System op the Memphis Power & 
Light Co., by H. E. H. Martin, chief 
dispatcher, and W. A. Gentry, supt. of 
Distribution Operation Dept, of the above 
company. Two films entitled “Voltage 
Regulators,“ and “Oil Circuit Breakers.” 
February 10. Attendance 34. 

Speed, Unemployment, and Prog¬ 
ress, by Dr. William McClellan, vice- 
president, Stone & Webster Engg. Corp., 
March 9. Attendance 84. 

Minnesota 

Electrification op the Cascade 
Tunnel, by J. E. Hawe, Great Northern 
Railway Co. Illustrated with moving 
pictures. March 4. Attendance 100, 

Niagara Frontier 

Interruption op High Currents at 
Low Voltages, and Application op 
Research to Development op Low- 
Voltage Air Circuit Breakers, by 
Knute Falck, I. T. B. Circuit Breaker 
Co. Illustrated. Film—“Building New 
York’s Newest Subway.” Dinner in 
honor of the speaker at the Hotel Niagara. 
February 20. Attendance 70. < 

Oklahoma City 

Inductive Coordination op Com¬ 
munication and Electric Supply 
Equipment, by E. B. Jennings, South¬ 
western Bell Telephone Co., and C. E. 
Bathe, .Oklahoma Gas & Electric Co. 
Dinher preceded the meeting. January 
26. Attendance 54. 


Recent Technical Developments 
in the Electrical Industry, by 1. T. 
Monseth, Westinghouse Elec. & Mfg. Co. 
Illustrated with a number of pictures of 
developments made by the above com¬ 
pany during the past year. February 23. 
Attendance 60. 

Philadelphia 

Some Developments and Applica¬ 
tions TN Electrical Communications, 
by R. D. Parker, American Tel. & Tel. 
Co. March 9. Attendance 225. 

Pittsburgh 

Research By-Products, by Dr, Phillips 
Thomas, Westinghouse Elec. & Mfg. Co. 
Mr. Thomas described and demonstrated 
a number of unusual applications of 
photo- and grid-glow tubes and other 
electronic devices. Joint meeting with 
I. R. E. and Engineers Society of West¬ 
ern Pennsylvania. February 9. Atten¬ 
dance 236. 

Pittsfield 

Color Photography, by Glenn B. 
Mathews, Eastman Kodak Co. Illus¬ 
trated with slides and movies. February 
17. Attendance 400. 

River op Mystery—The Orinoco, 
by Dr. Herbert S. Dickey, Explorer 
and Scientist, Museum of the American 
Indian. Dinner preceded the meeting. 
March 3. Attendance 000. 

Portland 

Joint dinner meeting witli the Oregon 
State College Branch, at which the follow¬ 
ing papers were presented by students: 

The Characteristics op Pentode 
Tubes, by N. G. Reetz; 

A High Voltage Corona Rectifier, 
by D. C. Poster and Win. R. Bullis; 

A Per Cent Registration Calcula¬ 
tor FOR Watthour Meters, by C. E. 
Boucher. February 30. Attendance 85. 

Artificially Generated Sun Light, 
by Paul Luekenbach,'' General Electric 
Co. Illustrated with lantern slides. 
March 3. Attendance 140. 

Rochester 

Materials Handling, by C. B. 
Crockett, Industrial Truck Association. 
Mr. Crockett stressed the importance 
of scientific handling of materials in 
large industrial plants and its cost and 
effect on production. Joint meeting 
with the I. R. E., A. S. M. E., R. E. S. 
October 9. Attendance 89, 

The Advantages op Increased 
Power for Clear Channel Broad¬ 
casting Stations, by 0. H. Caldwell, 
editor of Electronics ; 

Extending the Radio Frequency 
Spectrum, by A. H. Taylor, director, 
Naval Research Laboratories. Joiut 
meeting with the I. R. E. November 23. 
Attendance 231. 

Recent Achievements in Electrical 
AND -Steam Gbnbratipn, by E. M. 
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Gilbert, W. S. Barstow & Co. Joint 
meeting with the I. R. E., A. S. M. B., 
and R. E. S. January 8. Attendance 
208. 

The Story of Coaimbrctal Enamel¬ 
ing, by James H. Snyder, Pfaudler Co. 
Mr. Snyder described the difference 
between glass and paint enameled goods 
and demonstrated the Pfaudler method of 
mixing glass enamel. Joint meeting with 
the I. R. E., A. S. M. E., and R. E. S. 
January 22. Attendance 83. 

Communism in the Abstract, by 
Colonel Hugh L. Cooper. SUdes were 
used to illustrate the various engineering 
projects which Colonel Cooper has under¬ 
taken in Russia, and particularly the 
construction of the dam on the Dnieper 
River. Joint meeting with the T. R. E., 

A. S.M. E., and R. E. S. February 5. 
Attendance 416. 

Making op Radio Tubbs, by Paul 
Weeks, Raytheon Production Corp. 
Mr. Weeks analyzed the manufacturing 
end of the radio tube industry explaining, 
by the use of slides, the entire process 
from the manufacture of the elements to 
the finished tube assembly. Joint meet¬ 
ing with the I. R. E., A. S. M. E., and 
R. E. S. February 12. Attendance 77. 

Transoceanic Telephony, by Henry 
Nicholson, Lyddon, Hanford & Kimball 
Co. Luncheon with the I. R. E., 

A. S. M. E., and R. B. S. sponsored by the 
A. I. E. E. January 6. Attendance 43. 

What Can Retraining Do for 
Unemployment, by John A. Randall, 
president, Mechanics Institute. Lunch¬ 
eon with the I. R. E., A. S. M. E., and 
R. E. S., sponsored by the A. I. E. E. 
January 13. Attendance 50. 

One Year’s Progress in City Mana¬ 
ger Government, by vStephen B. Story, 
city manager. Luncheon with the 
L R. E., A. S. M. E., R. E. S., sponsored 
by, the A, I. B. B. January 20. Atten¬ 
dance 66. 

Telephone Trappio in Rochester, 
by John P. Boyfan, Rochester Telephone 
Corp. Luncheon with the A. S. M. E., 
I. R. E., and R. B. S. January 27. At¬ 
tendance 66. 

St. Louis 

Modern Developments in IjARGB 
Waterwheel Generators and Syn¬ 
chronous Condensers, by Marvin W. 
Smith, Westinghouse Electric & Mfg. Co. 
lUustrated with slides. February 18. 
Attendance 85. 

San Antonio 

A. E. Allen, General Electric Co., 
discussed some of the recent develop¬ 
ments of the electrical industry. Films 
were shown entitled “The Trend in Tur¬ 
bine Design,” and “The Trackless Trolley 
Bus.” February 16. Attendance 62. 

Speed, Unemployment, andPbogbess, 
by Dr. William McClellan, vice-presi¬ 
dent, Stone & Webster Bngg. Corp. 
March 4. Attendance 92. 


Schenectady 

Vacuum Tubes in Electrical Engi¬ 
neering, by W. C. White, General Elec¬ 
tric Co. Illustrated with demonstra¬ 
tions. January 16. Attendance 200. 

The World Background op Ameri¬ 
can Business, by Charles A. Eaton, 
Member of Congress from New Jersey, 
and Member of the House Foreign Affairs 
Committee. February 6. Attendance 75. 

The Manufacture op Iron and Steel, 
by G. A. Richardson, Bethlehem Steel 
Co. Moving pictures showing in detail 
the manufacturing methods in use in the 
steel industry were presented. February 
20. Attendance 260. 

Sharon 

Recent Interesting Aeronautical 
Developments, by Samuel P. Mills, 

Y. University. Illustrated with slides 
and film entitled “Mexico.” March 3. 
Attendance 227. 

Spokane 

A Ri^suMfi OP Recent Developments 
IN Predetermination op System Per^ 
pormance, by Dean H. V. Carpenter, 
State College of Washington. Discus¬ 
sion followed. February 27. Attendance 
20 . 

Toledo 

The Flying Telephone, by F. M. 
Ryan, Bell Telephone Laboratories, Inc. 
Illustrated with lantern slides, motion 
pictures, and demonstrations. February 
17. Attendance 350. 

A New Combustion Indicator, by 
Max Neuber, Motormeter Gauge & 
Equipment Co.; 

Vacuum Treatment of Insulating 
Oils, by R. P. Dunmire, Buckeye Laborar 
tories, Inc. March 6. Attendance 60. 

Toronto 

Applied Psychology, by Prof. S. N. F. 
Chant, University of Toronto. Consider¬ 
able discussion followed this talk. Joint 
meeting with the Engineering Institute 
of Canada. February 12. Attendance 
180. 

Operation and Maintenance op 
Generating Stations, by A. S. Robert¬ 
son, Hydro-Electric Power Commission. 
Illustrated with slides. February 27. 
Attendance 132. . 

Urbana 

Lighting Architecture, by H. S. 
Logan, Holophane Co. Illuatraied with 
slides and film entitled “Making Mazda 
Lamps.” February 18. Attendance 120. 

Utah 

Television, by S. W. Pixton, Moun¬ 
tain States Tel. & Tel. Co. Mr. Pixton 
gave an illustrated lecture upon the 
history and developments of television, 
particularly from the standpoint of the 
Telephone Co. Informal dinner preceded 
the meeting. February. 16. Attendance 
80. 


Vancouver 

Joint meeting with the University of 
British Columbia Branch, at which the 
following papers were presented by 
students; 

Manually-Operated Telephone Ex¬ 
changes, by J. W. Smith; 

Incandescent Lamps, by D. Smith; 
Mercury Arc Rectifiers, by M. A. 
Thomas. March 2. Attendance 50. 

Washington 

Television, Its Fundamental, Physi¬ 
cal and Psychological Principles, by 
Dr. J. 0. Perrine, associate editor, Bell 
System Technical Journal, Dr. Perrine 
demonstrated the photoelectric cell and 
neon lamp. March 10. Attendance 260. 

Worcester 

Power Factor and Its Relation to 
Induction Motor Applications, by 
Prof. H. A. Maxfield, Worcester Poly¬ 
technic Institute. February 25. Atten¬ 
dance 30. 

Past 

University of Akron 
Underground Power Distribution 
Systems, by G. E. Buffington, student. 
Frank M^cinkoski, student, gave a 
demonstration of shock resuscitation. 
February 26. Attendance 10. 

Alabama Polytechnic Institute 

Detecting Rail Fissures, by J. M. 
Johnson, student. Mr. Jager, student, 
gave a description of his summer work as 
a mechanic in the mines. February 12. 
Attendance 15. 

University of Alabama 
Methods op Breaking Arcs, by Prof. 
F. R. Maxwell, Jr., counselor; 

Electric Welding, by C. Hendrick¬ 
son, student; 

Pile Bridges, by W. G. Gable, 
student. December 16. Attendance 8. 

Layout op Anniston Primary Sub¬ 
station, by Paul Clark, student; 

Attention Paid to Safety by Large 
Companies, by W. H. Croft, student. 
January 12. Attendance 7. 

Power Rates, by W. G. Gable, stu¬ 
dent; 

Synchronous Condensers, by Paul 
Clark, student; 

Electric Railways, by C. Hendrick¬ 
son, student. January 26. Attendance 10. 

Electrical Engineering in Aviation, 
by Prof. Leslie Walker. February 9. 
Attendance 8. 
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Business meeting. February 23. At* 
tendance 8. 

Professional Relationships, by Dr, 
Benjamin A. Wooten, head, Physics 
Dept.; 

Opportunities in the A. I. E. E., by 
Prof. Fred R. Maxwell, Jr., counselor. 
February 27. Attendance 43. 

University of Arkansas 
Discussion of plans for Engineers’ Day. 
February 18. Attendance 22. 

Armour Institute of Technology 
Asbestos Insulated Wire and Cable, 
by William Tierney, Rockbestos Products 
Corp. February 20. Attendance 52. 

Talkino Motion Pictures, by H. 
Merrill Smith, Electrical Research Prod¬ 
ucts, Inc. March 6. Attendance 60. 

University of British Columbia 
Joint meeting with the Vancouver 
Section at which three papers were pre¬ 
sented by students. (See report under 
“Past Section Meetings.**) 

Polytechnic Institute of Brooklyn 
A-C. Distribution, by James G. 
Grover, student; 

The Trend in A-C. Transmission, by 
Frank Powers, student; 

Cathode Rat Osoilloorapb, by R. G. 
O’Sullivan, student. Frank Powers was 
awarded first prize and Robert G. O’Sulli¬ 
van second prize. February 17. Atten¬ 
dance 18. 

The Advantages Gained bt the 
Young Engineer who Joins a Techni¬ 
cal Society, by Roy V. Wright, president 
A. S. M. E. Joint meeting of the four 
technical societies. February 19. 

Michael Faraday, by Leon Danner, 
student; 

Z-Rat Crystallography, by Sam 
Siegel, student; 

A New Method op Scanning for 
Television, by Ivan Block, stadTent. 
Ivan Block won first prize and Sam Siegel 
second prize. March 2. Attendance 25. 

California Institute of Technology 
L. H. Means, Gei^ral Electtio Co., 
outlined the problems met by industiy in 
dealing with its operating personnel. 
He also gave a brief description of the 
General Electric Co. and its policies and 
practises toward employees. February 
17. Attendance 52. 

University of California ^ 

. Initiation banquet at which the follow¬ 
ing papers were presented: 

Why I Joined thej A. I. E. E., by 
J. J, Cassidy, Jr., student; 

Latest Dxyelopments in Electrical 
Encuneeeinq, by P. B. Churett, Westing- 
house Electric & Mfg. Co., and chairman 
San Franeiseo Sectiont A. 1. E. E. Feb¬ 
ruary 3. Attendance 50. 

NKwDEvaaiOPBOiNTS IN Toll Tbans- 
mssioN, by O* V. Pacific Tel. & 

Td. Co. February 26. Attendance 38. 
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Case SchoolOf Applied Science 
Elbotrical Knowledge of Fara¬ 
day’s Time, by Dr. W. E. Wickenden, 
president, Case School of Applied Science; 

Faraday’s Contributions to Sci¬ 
ence, by A. Friedman, student; 

Faraday, the Man and His Life, by 
E. Spangenberg, student. Dinner meet¬ 
ing. March 3. Attendance 60. 

Glemson Agricultural College 

Life of Stbinmetz, by C. V. Rentz, 
student; 

75-Kv. Submarine Cable, by C. J. 
Davenport, student; 

Miniature Switchboards, by L. W. 
Foster, student; 

Radio'Telephone Service to Ships 
AT Sea, by C, DuRant, student; 

Current events discussed by H. S. 
Montgomery. January 8. Attendance 24. 

Life of Watt, by J. P. littlejobn, 
student; 

Football Field Illumination, by 
A. B. Coggins, student; 

Chirrent events discussed by G. H. 
Epting, student. January 22. Atten¬ 
dance 20. 

Colorado State Agricultural College 

Business meeting. February 9. At¬ 
tendance 12. 

The Application of Blbctricitt 
IN THE Raton Industry, by Prof. D. 
Bachelder. January 28. Attendance 13. 

University of Colorado 

Federal Regulation of Radio, by 
G. W. Barnhart, asst, radio inspector, 
Radio Commission. February 18. At¬ 
tendance 58. 

Carrier-Current Pilot of the Vin¬ 
cent 220-Kv. Transmission Line of 
THE Southern California Edison Co. 
Ltd., by F. B. Doolittle, Southern Cali¬ 
fornia Edison Co., Ltd. February 23. 
Attendance 70. 

An Explanation and Demonstra¬ 
tion OP Photophonb Equipment, by 
A. S. Anderson, General Electric Co. 
Films—’‘The Electric Ship,” “A Trip 
Through the Cascade. Tunnel,” and 
“Radio Active Rays.” March 4. At¬ 
tendance 325. 

Cooper Union 

Symposium on Blectro-optios, by A. 
Ginsberg, D. Briansky, and G. Kosolopoff, 
students. Illustrated by experiments. 
March 4. Attendance 32. 

Gomeil University 

Eleotricity in Railway Transpor¬ 
tation, by R. R. Brainard, Branch 
secretary; 

Trolley Buses,- by 0. K, Williams, 
student; 

A Canadian Canoe Trip, by R. B. 
Nelten, student. February 18. At¬ 
tendance 16. 


University of Denver 
Railway Electrification, by Prank 
Nutt, student. January l*^- Atten¬ 
dance 24. 

Film—“Building New York’s Newest 
Subway.” January 27. Attendaiiee 33. 

Photometers, by Louis Duval, 
student; 

Hunting of Synchronous Machines, 
by P, W. Olmsted, BraneJi secretary. 
February 3. Attendance 21. 

Film—“On the Pathways of Progres.*?.*’ 
February 10. Attendance 26. 

High- and Low-Prbqubncy Oscilla¬ 
tors, by G. H. Lovins, student,. Feb¬ 
ruary 17. Attendance 16. 

University of Detroit 
Inspection trip to the Del Hay power 
house and the Waterman substation 
of the Detroit Edison Co. January 15. 
Attend^ce 40. 

Television, by H. Folkrod, Michigan 
Bell Telephone Co. Film—“History of 
Wireless,” February 12. Attendance 75. 

Drexel Institute 

My WoRk in the Lightning Lab¬ 
oratory OF THE PbNNSYLVANI.V PoWEll 
& Light Co., by H. C. Werner, sUidont. 
February 10. Attendance 18. 

Philadelphia Electric’s Puehent 
Transmission System, by W. W. 
Woodruf, Philadelphia Bloctric Co, 
March 3. Attendance 34. 

University of Florida. 

The History and Development of 
Short-Wave Transmission in Radio, 
by R. E. Herrick, student; 

The Construction of Audio Trans¬ 
formers, by R. M. Weinkle, student. 
March 9. Attendance 38. 

Georgia School of Technology 
Film—“The Single Ridge.” February 
11 . Attendance 95, 

Harvard University 
Corrective Research, by F. V. 
Weeks, student;. 

A Summer with Wbstinghousb, by 
C. W. Waldow, student; 

Between Students, by J. L. Beaver, 
student. March 4. Attendance 17, 

University of Idaho 
Film—“Construction of Wire.” Janu¬ 
ary 28. Attendance 63. 

Two .talks by students, February 3. 
Attendance 35. 

Film—“Wizardry of Wireless.” Feb¬ 
ruary 4. Attendance 55. 

Time Pieces, by Glenn Gage, student. 
Talk by Professor J. H. Johnson, coun¬ 
selor. February 17. Attendance 37. 

Motor Characteristics, by H, L. 
Vincent, General Eleotrio Co. March 3. 
Attendance 37. 

Kansas State College 
' H, M. Lowe, who recently returned 
from three years’ work in South America 
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related his experiences while there. 
Election of officers. February 5. At¬ 
tendance 105. 

University of Kansas 

Howard Sutton, student, gave a tech¬ 
nical report on a Westinghouse Relay for 
t.he control of transformers in parallel, 
after AvhicU he presented the relay to 
the electrical department for research 
work, 

RkCTIFICATION op AliTBUNATINa CUR- 
UBNT Waves, by B. Brown, student. 
February 26. Attendance 46. 

University of Kentucky 
Inspection trip tlnough the local tele¬ 
phone exchange. March 6. Attendance 
41. 

Lafayette College 
Business meeting. March 7. At- 
tcuidanco 17. 

University of Louisville 
The Life op Edison, by E. B. Wagner, 
student; 

Dmion Cirotjit Breakers, by C. R. 
Best, sl.udont. Illustrated. February 13. 
Attondance 21. 

Marquette University 

Debate between Mr. Horowitz and 
H, JossgU, students, on Coeducation at 
Marquette. Mr. Harriss pf South Africa 
related living conditions in his home land. 
Joint meeting with the A. S. C. E.. and 
A. S. M. E. Branches. December 18. 
Attendance 40. 

Wedding Generators—^Their Con¬ 
struction AND Api’LiICations, by K. L. 
Hansen, Northwestern Manufacturing 
Co. Joint meeting with the School of 
Engineering of Milwaukee Branch. Janu¬ 
ary?. Attendance 21. 

Massachusetts Institute of Tech¬ 
nology 

Illumination and Color, by K. J. 
Oermeshausen, student; 

Broadcasting Dbyblopmbnt, by A. E. 
Cullum, student. Dinner preceded the 
mooting. February 19. Attendance 60. 

Inspection trips to the General Electric 
Company in Bast Boston and West Lynn* 
March 4. Attendance 32., 

Michigan College of Mining and 
Technology 

Discussion of plans and appointments 
of committees for electrical show. Febru¬ 
ary 17. Attendance 74, 

Michigan State College 
Film— “The Single Bidge.” February 
24. Attendance 25. 

School of Engineering of Milwaukee 
The Hadio Control op Garage 
Doors, by .Mr. U^ctherout, Barber-Ool- 
Tni^.ii Co. Demonstrated. 

The Theory op the Photoeleotric 
Cell, by Mr. Qreisel, student. K^l 
Werwath, student, reviewed some of the 


latest developments in the electrieal held. 
February 11. Attendance 75. 

Missouri School of Mines and Metal¬ 
lurgy 

Two films entitled “The Benefactor,*' 
and “Thomas A, Edison.” December 18. 
Attendance 23. 

Life op Faraday, by G. L. Leisher, 
student; 

Description op the Life op Stein- 
metz, by Prof. I. H. Lovett, Counselor. 
M. R. James, student, gave a talk on his 
experiences while employed by the Union 
Electric Co. January 28. Attendance 16. 

Business Meeting. February 11. At¬ 
tendance 13. 

Filins—* ‘Atomic-Hydrogen Welding” 
and “Aircraft Accessories.” February 
26. Attendance 167. 

The Desire to Do a Thing, by 
Branch Rickey, vice-president of the 
St, Louis Cardinals. February 27. At¬ 
tendance 423. 

University of Missouri 
Annual Dinner. Short talk by J. S. 
Palmer; Kansas City Power & Light Co. 
February 24. Attendance 43. 

Marine Propulsion, by F. V. Smith, 
General Electric Co. Joint meeting with 
the A. S. C. E., and A. S. M. E. Branches. 
.March 9. Attendance 50. 

Montana State College 
Film—“From Mine to Consumer.” 
February 12, Attendance 162, 

Why An Engineer Should Take 
Public Speaking, by Walter J. Williams, 
student; 

White Lights North op Arctic 
Circle, taken from Power PlatU Eugi~ 
neerinQf presented by Herbert Archibald, 
student; 

Some Aspects op Federal Regula¬ 
tion OP Water-Power Development, 
taken from Electrical Engineering, 
presented by James Pepper, student; 

Detecting Hidden Fissures in Rails, 
taken from Electrical Engineering, 
presented by. Ward Rightmire, student. 
February 19. Attendance 143. 

Artificial Sunlighting Now Ch^ 
LENGES THE SuN, taken from Electrical 
Worlds presented by B, N. Blannih, 
student; ‘ 

The Development op Lighting Dur¬ 
ing the Year 1930, taken from General 
Electric Review, presented by Edward 
Fisher, student; 

Gasoline Pump Motors, taken from 
EUctric Journal, presented by Leonard 
Bstey, student. February 26. Atten¬ 
dance 129. 

Blbctrioity and Light During 1930, 
taken from Electrical World, pres^ted by 
ArminJ. Hill, student; 

Floating Electric Power Plant, by 
Homer T. Lambdin, student; 

Constant-Voltage Regulators, hy 
Paul MoAdam, student. March 5. At- 
tendauoel34. 


University of Nebraska 

Oil Circuit Breaker Phenomena, by 
G. W. Swallow, American Brown Boveri 
Co. Inc. Film—“Electric Locomotives 
and Trains in Switzerland,” February" 3. 
Attendance 55. 

Inspection trip through the U. S.^ 
Government Radio Monitor Station, 
conducted by Benjamin Wolf, manager 
of the Station; also through the Grand 
Island Sugar Beet Factory, conducted by 
U. Anderson, chemist. February 8. 
Attendance 28. 

Picture Transmission by Wire, by 
Cecil Donley, Lincoln Telephone & 
Telegraph Co. February 18. Atten¬ 
dance 40. 

Opportunity for Engineers Today, 
by Roy V. Wright, president, A. S. M. B. 
March 3. Attendance 120. 

University of Nevada 
Electricity and Its Application to 
THE Mining Industry, by J. A. Fulton, 
director, Maokay School of Mines, 
February 4. Attendance 16, 

Electric Water Purifiers, by 
Chester Elliott, student; 

New Developments in Vacuum 
Tubes, by Jack Hough, student. Feb¬ 
ruary 11. Attendance 15, 

Electron Tubes, by H. C. Stanley, 
General Electric Co, Illustrated with 
motion pictures. February 18. Atten¬ 
dance 68. 

Newark College of Engineering 

Direct-Coupled Amplifiers, by 
W. B. Wible, student; 

Mercury Vapor Turbines, by S. F. 
Spence, student; 

Generator-Voltage Regulation, by 
G. MeSweeney, student. February 24. 
Attendance 32. 

University of New Hampshire 
Films—“The Potter’s Wheel,” “Reve¬ 
lations by the X-Ray,” and “The Cat 
and the Kit.” January 10. Atten¬ 
dance 36. 

The Photoelectric Cell and Some 
op Its Applications, by J. J. Carlen, 
student. January 17. Attendance 36. 

Electrification of Railways, by 
F. M. Jones, student. January 24, 
Attendance 33. 

Harnessing Ocean Temperatures, , 
by K. S. Savage, student; 

A New. Radio Battery that 
Breather Am,* by 0. K. Reid, student; 

Explanation and Demonstration 
op Magnetic Arc Blow-Out, by G. R. 
Walden, student; 

Why Fraternttibs Should not Exist 
on a College Campus, by. C. A. DollofP, 
student; 

Why Fraternities Should Exist on 
A College Campus, by H. R. Wood, 
student. January 31. Attendance 30. 

Aluminum Electrolytic Condenser 
and Lightning Arrester, by F. J- 
Stafford, student; 
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Radio Programs by Electrical 
Transcription, by R. M. Sawyer, 
student; 

Flood Control in the Mississippi 
Valley, by J. J, Cunningham, student. 
February 7. Attendance 34. 

Films—“Turbines,** and “Dynamic 
America.” February 21. Attendance 35. 

Induction Generators, by R. Osgood, 
student; 

Aurora, The Elusive Mystery of 
Science, by F. Dickey, student; 

The Polarized Bell, by C. Matoian, 
student; 

Operation op D-C. Generators in 
Parallel, by L. Barker, student; 

Why A-C. Current Leads the Volt¬ 
age 90 Degrees with a Condenser in 
the Circuit, by F. Perkins, student. 
February 28. Attendance 34. 

University of New Mexico 
The Life and Work op Oliyer 
Heaviside, by S. Fish, student; 

Control by Radio, by H. Mendenhall 
and E. Huffman, students. February 26. 
Attendance 11. 

College of the City of New York 
Discussion of Branch activities. Feb¬ 
ruary 19. Attendance 15. 

Business meeting. March 5. Atten¬ 
dance 18. 

University of North Carolina 
Block Signals, by A. C. Robertson, 
student; 

Electrical Experiences, by 0. J. 
McCall, student. F bruary 12. Atten¬ 
dance 30. 

Union Management Cooperation 
Through Research, by Morris L. 
Cooke, oonsulting engineer. Joint meet¬ 
ing with the Taylor Society. February 
25. Attendance 90. 

North Dakota State College 
Annual Engineers* Banquet. My 30 
Years* Ex^biencb Since Graduating 
FROM College, by M. 8. Hyland, con¬ 
sulting engineer, Fargo, N. D. — 
“The Age of Riveted Steel.*’ February 
19. Attendance 108. 

Preservation of Wood, by Wayne 
Curtis, student; 

Film—“Blasting the Water Highways 
of America.*’ February 25. Attendance 
64. 

University of North Dakota 
GsKERiiLL Electric Motors and 
Motor Application, by C. W, Rindall, 
General Electric Co. Febmary 11. At¬ 
tendance 21. 

Transportation Elbotbipication, by 
Eugene Becker, student. March 4. At- 
" tendance 16. 

University of Notre Dame 

TnUImBBSTORMS AND IiIGHTNlNG DlS- 
CHARbs, by Prof. Daniel Hull,- Dept, of 
Physios; 

m 


Resonance, by Edward Coomes, 
student; 

Cross-Talk Elimination, by D. D. 
Mohler, student; 

Life op Faraday, by A. V. Alvino, 
student. Patrick Murray presented the 
usual news digest. February 16. At¬ 
tendance 68. 

Turning the Light of Everyday 
Experience on the Economics op To- 
DAY*8 Business and Related Activi¬ 
ties, by L. B. Andrus, Central Indiana 
Power Co.; 

Practical Telephony, by Henry 
Culver, student; 

The Mercury Arc Rbctipieb, by 
Hugh Ball, student. Patrick Murray 
presented the usual news digest. March 
2. Attendance 80. 

Ohio Northern University 

Film—“Government Aviation Devel¬ 
opments.** February 19. Attendance 38. 

Discussion of future meetings and 
nomination of new officers. February 26. 
Attendance 24. 

Looking Ahead in Aviation, by 
D. Cottrell, student. Election of officers 
as follows: 0. R. Jacobs, president; 
B. Wyant, vice-president; W. Gideon, 
secretary; 0. Hawes, treasurer. March 
'5. Attendance 18. 

Ohio State University 

Vacuum Tubes in Industry, by S. D. 
Pendley, General Electric Co. February 
26. Attendance 22. 

Ohio University 

Film—“Induction Voltage Regulator.’* 
February 16. Attendance 8. 

Oklahoma A. & M. College 

Discussion of plans for the electrical 
show. February 6. Attendance 19. 

Dry Cells—^Thbir Manufacture 
AND Use, by Paul Ratliff, student. 
Illustrated. February 12. Attendanee 30. 

Oregon State College 

Safety in the Industries, by A, B. 
Eicken, National Safety Council. Illus¬ 
trated with slides. February 16. At¬ 
tendance 13. 

Joint meeting with the Portland Sec¬ 
tion at which three papers were presented 
by students. (See report under “Past 
Section Meetings**). 

Discussion of Branch aotivities. March 
2. Attendance 21. 

University of Pennsylvania 

The Thtrateon Multi-Bopper Cir¬ 
cuit, by Newbem Smith, student. 
February 19. Attendance 22. 

Pratt Institute 

ElbotAio Railways, by J. L. Thomson, 
student; 


Production op Aluminum, by N. J. 
Cherry, student. February 19. Atten¬ 
dance 15. 

Purdue University 
The Deion Circuit Breaker, by 
B. P. Baker, Westinghouse Electric & 
Mfg. Co. Illustrated witlx slides. Foli- 
ruary 10. Attendanee 90. 

Rensselaer Polytechnic Institute 

Artificial Transients op Trans¬ 
mission Lines with Particular Ukk- 
ERENCB to Performance op LituiTNiNii 
Arresters, by K. B. MeEa<^]iruu, 
General Electric Co. Illuslrateil with 
slides. February 10. Attendanee 70. 

Rose Polytechnic Institute 

Illumination op Aviation Fiki.ds, 
by Bruce Wells, student. Fihii—“Avia¬ 
tion Lighting.” March 4. Atteiulaueo 29. 

University of Santa Clara 

The Historical Development of 
THE Allis-Chalmmrs Mfo. Co. and 
Their Motor and Dynamo Produc'ps, 
by William F. Snyder, Alli.M-CJiahners 
Mfg. Co. January 29. AtU^ndaiiee 10.5. 

University of South Carolina 

The Kaplan Automatic iVDju.sTAnLi*; 
Blade Turbine, by R. Brooks, .student; 

A Laboeatory Method of Measur¬ 
ing THE Capacity op Small Condensers, 
by C. L, Fishburne, student. Fcbrnary 
16. Attendanee 26. 

The Vacuum-Tube Voltmeter, by 
J. W. Palmer, student; 

Will You Lose Your Job Bibiausk 
op a New Machine, b,v J. B. Dent, 
student; 

Electronic Tubes—Their 1>rbseni' 
AND Future, by J. Oberschain, student. 
February 23. Attendance 30. 

Business meeting. March 2. Atten¬ 
dance 9. 

The Development of Motion Pic¬ 
tures, by R. Phillips, student; 

Baron Munchausen Out-Lied with 
Truth, by David Peele, student. Marcli 
9. Attendance 29. 

University of South rn California 

Business meeting. February 4. At¬ 
tendance 30. 

L. A. Buese, Los Angeles Gas & Elec. 
Corp., disoussed the remote control of 
substations by means of a stei>.by-step 
relay system. February 11. Atten¬ 
dances^. 

AmcRAPT Communication, by Del 
Mar Wright, Western Air Express and 
Transoontinentfid Air Transport, Ino. 
February 18. Attendance 32. 

The Electrical Measurement of 
Acoustical Properties, by D. P. 
Loye, Electrical Research Products, Inc. 
Febriiary25. Attendance 27. 

Electrical Engineering 



Street LiaHTiNG, by O. W. Holden, 

Los Angeles Bureau of Power & Light. 
March 4. Attendance 30. 

Stanford University 

Transformer • Construction, by 
W. C. Smith, General Electric Co. 
February 4. Attendance 21. 

Stevens Institute of Technology 
Life op Joseph Henry, by Donald 
Naughton, student. February 24. At¬ 
tendance 21. 

Syracuse University . 

Some Early A. L E. E. Meetings, 
by Prof. C. W. Henderson, counselor. 
February 13. Attendance 23. 

Measurement of Lightning Dis¬ 
turbances on Transmission Lines, by 
John Henderson, student; 

The Bridge Transformer, by 
Richard Stone, student. February 20. 
Attendance 25. 

Hydrogen—Cooled Generators, by 
Donald Brown and Ernest Wood, 
students; 

Cooling Fins, by Edward Schweitzer 
and Stanley Scerbinski, students. Feb¬ 
ruary 27- Atteudanee 25. 

Distribution System of Syracuse 
Lighting Co., by L. L. Cross, Syracuse 
Lighting Co. March 6. Attendance 24. 

University of Tennessee 

Debate— Copper Versus Aluminum 
Cables for Transmission Lines, by 
J, M. Brooks and J. Barnwell, students. 
February 19. Attendance 21. 

University of Texas 

Steam Generating Equipment, by 
0. K. Irvine, student; 

Electrical Generating Equipment, 
by D. Sussin, Branch secretary; 

Switchboard Equipment, by E. W. 
Toepperwein, student. February 12. 
Attendance 18. 

University of Utah 

Television,, by Seth Pixton, illus¬ 
trated. February 24. Attendance 25. 

University of Vermont 

Theory of the Stbnode Radiobtat, 
by A. L. Howard, student. February 24. 
Attendance 21. 

Virginia Military Institute 
Film—**Conowmgo.*’ February 18. 

Attendance 60. 

600 M. P. H.— Can’t Be Done, by 
F. A. Tyler, student; 

What the Electrical -Industries 
Themselves Expect of the Electrical 
Student, by E. Fort, stucient; 

The Super-Magnetic Field, by B. H. 
TrapneU, Student. February 19. At¬ 
tendance 46. 


Virginia Polytechnic Institute 

Discussion of Branch activities and of 
the recent lecture given by S. P. Grace, 
assistant vice-president, Bell Telephone 
Laboratories, Inc., entitled Marvels of 
Sound Transmission. February 12. At¬ 
tendance 15. 

Testing of Dry-Cell Batteries as 
Done at the Bureau of Standards, 
by M. H. Mills, student. February 26. 
Attendance 18. 

Washington State College 

Election of officers as follows: L. N. 
Hatfield, president; A. Keto, vice-presi¬ 
dent, G. C. O’Brien, secretary; H. 
Stingle, treasurer. January 21. At¬ 
tendance 29. 

Washington University 

Discussion of Branch activities. Feb¬ 
ruary 26. Attendance 16. 

West Virginia University 

The following talks were given by 
students; 

Electricity in the Cement Industry, 
by C. J. DeLavey; 

Industry versus Technical Educa¬ 
tion, by R. W. Blair; 

* The Growth of 1930, by R. N. 
Kennedy; 

Aeronautical Radio Communica¬ 
tion, by O. J. McCormack; 

Improvements to Make Elevators 
Faster and Safer, by J. N. Simpson; 
Air-Cell Batteries, by K. De Moss; 
Electrification of B. & 0. Railroad, 
by R. C. Warder; 

90 Miles per Hour in a Trolley Car, 
by J. M. Morgan. February 10. At¬ 
tendance 25. 

The following talks were given by 
students: 

Plops by Famous Inventors, by 
H. V. Locker; 

Electrical Industries, by M. L, 
Sprigg; 

General Principles of Sound Re¬ 
cording, by V. S. Monteith; 

Locating Hidden Fissures in Rails, 
by S. I. Boone; 

Induction Type of Relay, by A. H. 
Goddins; 

Removing Sleet and Ice from 
Transmission Lines, by L. P. Kerwin; 

Varied Uses of the Photoelectric 
Cell, by W. C. McMillion. February 
17. Attendance 27. 

The following talks were given by 
students; 

Induction of Electric Current by 
Michael Faraday, by P. N. Vannoy; 

Early Life and Training of Fara¬ 
day, by H. 0. Webb; 

.Faraday’s Experiments, by J. E. 
Newcomer; 


Views of Faraday, by P. ShafP; 

Life of Henry, by S. B. Wolfe; 

Summary op Henry’s Contributions, 
by T. E. Palmer. February 24. At¬ 
tendance 33. 

University of Wisconsin 

Automatic Oscillographs, by J. D. ^ 
Cobin, student; 

Trends in Electrical Construction, 
by R. J. Niekles, Jr., student; 

Copper Oxide Rectifiers, by J. L. 
Jones, student. Joint meeting ’with the 
Madison Section, sponsored by the 
Branch. February IS. Attendance 56. 

Organization and Functions op the 
Construction Department of Com¬ 
monwealth Edison Co. of Chicago, by 
Theodore Raeheff, Branch secretary. 
Short talk on the life of Faraday given by 
Professor C. M. Jansky, counselor. 

November 26. Attendance 11. 

University of Wyoming 

Life op Faraday, by T. Hanee, 
student; 

Life op Joseph Henry, by A. Bucholz, 
student. Election of officers as follows: 
N. Sanders, Chairman; T. Hance, vice- 
chairman; Roy Perldns, secretary-trea¬ 
surer. February 10. Attendance 13. 

Yale University 

Films—‘Blasting the Waterwap of 
America,” and “The Single Ridge. 
Joint meeting with the A. S. M. E. 
Branch. February 10. Attendance 46. 

The Simpler Types op Lightning 
Arresters, by L. A. Autuori, Branch 
secretary; 

The Auto-Valve and Thyrite 
Arresters, by R. A. Haekley, student; 

The Use op the Klydonograph on 
Power and Telephone Lines, by E. R. 
Eberle, student. February 19. Atten¬ 
dance 13. 

Engineering exhibition held jointly 
with the A. S. M. E. Branch! February 
23. Attendance 540. 

Public Utilities Accounting Sys¬ 
tem, by 0. C. Rutledge, student; 

Rate Structures and Schedules, by 
A. A. Watson, student; 

Economic Factors op Electric 
Power Interconnections, by H. Geers, 
student. February 26. Attendance 13. 

Biography op Michael Faraday, by 
F. W. Wolff, student; 

Technical Aspects of Faraday’s 
Experiments, by P. Thomson, student, 
Biography of J oseph Henry, by 
J.D. Upton, student; 

The Technical Ability of Joseph 
Henry, by L, Clare, student. R. M. 
Gerris, student, gave a history of the 
Sheffield Scientific School of Yale Uni¬ 
versity. March 7. Attendance 28. 
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Of iLe Engineering Societies Employment Serrice 


Position 

Available 

ASSISTANT to research engineer in automo- 
tiye divisloa of large manufacturing concern. 
OoUege graduate in electrical engineering with 
(jlB or Westinghoiise experience on electric 
automotive accessories, preferred. Apply by 
letter. Location, New England. W-2498. 

Men 

Available 

JUNIOB BNOIKBBR, 1930 graduate, B. S. 
and B. E. degrees. Practical experience in 
general electrical measurements and knowledge 
of radio receiver construction. Desires position 
in lectrical or mechanical engineering where 
technical knowledge is principal requirement, as 
research, design, or testing. Iiocation preferred, 
in or near New York City. 0-8813. 

ELEOTBICAL ENGINEER, graduate of 
European technical college, with eight years’ 
of varied and successful research experience in 
the United States. At present employed. 
Desires responsible position in the development 
or consulting department of a concern located 
in or near New York. B-67S2. 

GRADUATE BLEOTRIOAL ENGINEER, 
31, married, with seven and one-half years’ 
xp rience including: two and one-half years as 
engineer with manufacturer’s service shop, two 
years imlversity Instructor, two years responsible 
position in manufacturer’s engineering depart¬ 
ment and one year as electrician on station 
construction. Desires position with manufac¬ 
turer^ IndustiM concern or. public utility. 
Available on short notice. 0-1073. 

GRADUATE BLEOTRIOAL ENGINEER, 
25, single. Beared in the Orient, traveled 
widely, one year test course with motor manu¬ 
facturer, one year sales experience on Pacific 
Coast. Desires permanent location with a 
company looking forward to an expansion in its 
foreign business. Available at once. Location, 
anywhere in United States. B-6945. 

CONSULTING ENGINEER with long and 
successful experience in developm^t and 
hnprovement of electrical devices including 
specialities in signaling, lighting, regulating,' 
and railway fields. Desires additional connec¬ 
tions, Especially interested in manufacturers’ 
problems regarding new products and improve¬ 
ment of old products, 0-8843. 

BLEOTRIOAL ENGINEER, graduate 
Georgia Technology, 1930, Cooperative plan, 
worked alternate months, five years substation 
maintenance and ofiOice engineering. Rebuild¬ 
ing transformers,. switches, lightning arresters, 
work with electric furnaces, rectifiers, motors,’ 
etc. Checking and mapping distribution sys¬ 
tems, work orders,,drafting. Single, exc^ent 
phy^oal condition. Desires position, preferably 
with Loct^on, immaterial. 0-7847. 

B^OTRIOAL engineer. B. S. degree 
feoiihriBCOgni^ Southern. University, 24, single. 
Eighteen months on power transformer test, 
part of which was hlghvoltage and other experi-, 
mental test. Desires j^sition with future, 
£x>ea^<in and salary seccmdary to opportunity. 
0-8SSL 


PROFESSOR OF ELECTRICAL ENGI¬ 
NEERING, 49, 18 years’ of successful teaching 
experience in both d-c. and a^c. circuits and 
machines, and theory of transmission. De¬ 
nominational college. B. E. In E. E. and M. S. 
degrees. Location preferred. South. B-2675. 

GRADUATE BLEOTRIOAL ENGINEER, 
1930, 22, single, seven months on Westinghouse 
engineering course. Desires position with com¬ 
pany in field of electrical or physical mea¬ 
surements and testing. Available at once. 
Location, immaterial. 0-8875. 

BLEOTRIOAL ENGINEER, graduate 
Rensselaer Polytechnic Institute, age 33. Five 
years with engineering department of large 
manufacturer of electric control apparatus. 
Four years with leading engineering firm as 
electrical designer on central station and indus¬ 
trial work. Specialized on switchboard and 
wiring design. Some sales experience. Now 
employed. Desires more responsible position. 
B-6274. 

BLEOTRIOAL ENGINEER, bachelor and 
master degrees; 14 years* peculiarly broad 
experience in test, research and development, 
standardization, consultation, university teach¬ 
ing, executive work, personnel; familiar with 
bolh power and radio equipment and practise. 
Stability and opportunity primary; initial salary 
and location secondary. Available at once. 
0-4691. 

BLEOTRIOAL ENGINEER, 32, married’ 
Seven years with manufacturer on design of 
electric traction equipment and control ap¬ 
paratus. General engineer. Experience writ¬ 
ing specifications, reports, technical papers. 
Teacher of mathematics. 0-8896. 

GRADUATE BLEOTRIOAL ENGINEER, 
B. S. De^ee. One one-half years with 
large electrical manufacturing concern in test 
and research departments. Also familiar with 
repair work on distribution transformers and 
other apparatus. Available on short notice. 
Location preferred. New England or eastern 
part of country. 0-8076. 

PROFESSOR OF BLEOTRIOAL ENGI¬ 
NEERING, 34, eight years* experience In 
teaching most branches of electrical engineerh^, 
state school, Holds broadcast class, limited 
operator’s license. Five years’ experience op¬ 
eration and maintenance of college broadcast 
transmitter: B. S. in E. E. and E. E. degrees. 
Location preferred. East, Middle West. Avail¬ 
able school year 1931-32. 0-89X6. 

BLEOTRIOAL ENGINEER, technical 
graduate, G. E. test and over 18 years* varied 
experi^ce. including electrical manufacture; 
railway. construction, valuation and mainte¬ 
nance; power-line c^nstructloA and. steam rail¬ 
road . electrification. Desires position with 
company doing consultation and construction 
engineering or with operating company. B-7466. 

PROFESSOR OF BLEOTRIOAL ENGI¬ 
NEERING, 32, married, B, S. 0®. BO and. 
B. B. Three years with General Electrid 
Company, five years with public utility, four 
years’ teaching and admlnlatratlye e]q;>ecl6nc6 
hi state xmiveratty. Excellent references. 
Available for next academic year. Oon^ 
spondence Invited, 0-7152. 
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BLEOTRIOAL AND ILLUMINATING 
ENGINEER, 41, married, 23 years* experl- 
nce, wireman to superintendent, estimator 
and engineer, instructor in applied electrical 
englneeilng. Experienced in power station, 
commercial and industrial building wiring. 
Six years’ engineering for architects, writing 
specifications, designing electrical installations, 
office buildings, theatres, hotels, schools, 
hospitals, industrial buildings. 0-8460. 

DRAFTSMAN-DESIGNER, electrical engi¬ 
neer, German Technical Institute, 32, married. 
Eight years’ foreign, three and one-half years’ 
American experience in design of electrical 
apparatus and radio receivers. Desires perma¬ 
nent, related position. Location preferred, 
Newark or New York. 0-8787. 

ASSISTANT PROFESSOR OR INSTRUC¬ 
TOR IN BLEOTRIOAL ENGINEERING, 
eight years’ teaching experience in d-c. and 
theory, electrical machinery, radio, dynamo 
laboratory, and electrical measurements; four 
years’ commercial experience in power, lighting, 
radio and general electrical equipment design. 
Available for fall term. 0-6302. 

GRADUATE MAINTENANCE ENGI¬ 
NEER, 26, married; eight years’ varied experi¬ 
ence, operating steam turbines, high-voltage 
a-c. remote control board, hand switching, and 
power-house apparatus of all kinds. Also 
construction and electrical maintenance work 
of, all kinds in chemical and cement plants. 
Now unemployed. Will accept first reasonable 
offer. 0-8622. 

PROFESSOR OF BLEOTRIOAL ENGI¬ 
NEERING. 40, six years’ successful experience 
teaching practically all branches electrical 
engineering, state school. Considerable experi¬ 
ence power, telephone work. One year switch¬ 
board engineering department of Westinghouse; 
B. S. in E. E. and E. E. degrees. Prefer loca¬ 
tion, Rocky Mountain, Pacific Coast States. 
Available school year 1931-1932. 0-5021. 

1929 GRADUATE heading tmiverslty, 
B, S. E. E., desires position giving experience 
cable installation. One year’s experience large 
power company laying out underground network 
distribution, system. One year’s experience 
rubber-insulated cables, electrical testing labora¬ 
tory large cable manufacturer. Can handle 
men. Working knowledge French, Spanish; 
elementary knowledge German. Location, im¬ 
material. 0-6408. 

ELECTRICAL DESIGNER, age 36, mar¬ 
ried. Ten years’ public utility experience in 
steam and hydroelectric plants, substations and 
industrial plants. Also served four yehrs as 
fire insurance inspector. Graduate of technical 
school on electrical and mechanical subjects. 
0-7979. 

BLEOTRIOAL ENGINEER, 47, college 
graduate, married. Twenty-six y ars’ experi¬ 
ence as designing, report, power and executive 
engineer with three engineering firms. Experi¬ 
ence Includes cost estimating for plant and 
transmission facilities, design, construction 
superyMon, operating economics with fuel and 
hydro plants, system planning for public utility 
and industrial properties, B-4553. 

BLEOTRIOAL ENGINEER, 1930 graduate, 
desires position. Experience In drafting, radio 
service, electric-meter testing. Recently techni- 
ccd representative for large radio-phonograph . 
concern. Exc^ent references. 0-8678. 

EIjBOTRIOAL DESIGNER AND DRAFTS¬ 
MAN, age 31, single. Eight years’ public 
utility experience In steam and hydroelectric 
phmts, spl^tlons and Industrial plants. 
Graduate of techMc^: jch^ in mechanical and 
^ectricaL engfiiec^rifiSt .Jpesires position with 
pUbUC utility or todusladad company* 0^510. 

EUetrical Engineering 


director of education and 

training with national technical corpora¬ 
tion, formerly assistant professor of ^ectricai 
engineering, 5 years at leading technological 
college. Experienced administration educa¬ 
tional work. Desires position professor electrical 
engineering, head of department at medium 
siitod or small college where development and 
expansion is possible, or associate professorship 
in large tecluiical college. C-8907. 

KLECTRICAL-MECHANIOAL ENGI¬ 
NEER, graduate, ago 34, married. Experienced, 
design, manufacture and application of motors 
and genoratoi's. Past five years in district sales 
ofilco of large manufacturer, contacting central 
stations and large industrial concerns both in 
operating problems and sales promotion. Desires 
a job where initiative, energy, and results will 
(^ount. B-9432. 

ELECTRICAL FOREMAN, 38, married. 
Eighteen years* experience covering power 
plant, substation, industrial, construction and 
maintenance. Hare headed these departments 
for years. Especially quallflod to take charge of 
actual work under a busy executive. 0-2028. 

ELECTRICAL ENGINEER, 31, B. S. B. E. 
102G. One year assistant electrical engineer 
making preliminary studies, investigations on 
liytlroelectrlc projects; one yoar engineer elec¬ 
trical control of ai'uiaraent on aeroplanes; two 
years material inspection, street railway com¬ 
pany; one year student engineer large public 
utility; two years* electric car shop experience. 
C-6077. 

GENERAL ENGINEER, 27, married, A. B.,* 
and B. S. in E. E.‘ degrees. Bxpei'ienced in 
steam power plants, water-works, industrial 
electrical equipment maintenance, underground 
power system construction and maintenance, 
and oil roflnory equipment standardization and 
maintenance. Doslres engineering position along 
lino of experience that has possibilities for 
advancement. Location, Immaterial. 0-8982. 

PLANT ENGINEER, age 47, married, two 
children, two degrees in E.E. Over twenty 
years' experience in design, construction, xoa4 n- 
tonanco and operation of all mechanical equip- 
mont for buildings, building construction; 
factory facilities, steam and hydraulic power 
plants. Understands efficient handling of large 
groups of men. Location, South, Central 
West or Northeast. 0-8868. 

ELECTRICAL, ENGINEER. 80, married, 
university graduate. Eighteen years* exp^ence 
in design, construction, maintenance and opera¬ 
tion of hydro lectric stations, distribution and 
transmission systems, also design and construc¬ 
tion of steam starions. Last five years wltti 
larg consulting firm. Initiative and ability to 
pr duce. 0-8980. 

GRADUATE BLEOTBIOAL ENGIlUffiBR, 
33, eight years* experience In high-voltage re¬ 
search. Wishes position vdth switch mannfao- 
turer in design work. liocation, anywhere. 
0-8981. 

ELEOTRIOAL ENGINEER. 26, single. 
Oomell University graduate in E. E. Two 
years* drafting experience with large engineering 
concern. One year in manufacturing plant as 
assistant to plant engineer. Desires permanent 
position with a future with a utihl^ or engineer¬ 
ing company, 0-8949. 

GRADUATE ELEOTRIOAL BNGIl^BB, 
ag 23, single, 21 months of Westlnghouse Test 
on rotating machinery and control, B. B. in 
1929, at present pursuing graduate study. D^ 
sires position as engineering instructor or in any 


electrical line offering a futurJ. Available Im¬ 
mediately. Eastern Location preferred. C-8966. 

SALES AND EXECUTIVE ENGINEER, 
trained at Worcester Polytechnic Institute. 
Seven years' sales experience: straight sales 
eneneering,* jobbing sales, sales management, 
saels promotion. Has contacted with electrical 
and mechanical companies. Traveled East. 
Middle West, South. Well acquainted with 
New England. C-5431. 

ASSISTANT PROFESSOR OR INSTRUC¬ 
TOR in electrical engineering. Three years 
development and research engineer on com¬ 
munication apparatus. Five years head of 
electrical department In large industrial school. 
At present on E. E. staff of recognized uni¬ 
versity, teaching electrical design and other 
electrical engineering subjects. Available in 
September. 0-2803. 

GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with 8 years’ industrial control, 
power plant design and construction super¬ 
vision experience with contractor. Detires 
position with public utility or manufacturing 
concern's engineering or construction de¬ 
partments. Location desired. Middle West. 
C-4428. 

GRADUATE ELECTRICAL ENGINEER, 
age 26, single, 4)^ years' experience with 
Westlnghouse Electric and Mfg. Co. including 
graduate student course and two engineering 
departments. Has done experimental and 
application work on industrial devices using 
electronic tubes, particularly photo-tubes. 
This includes some design work, technical 
correspondence and diagram drafting. Avail¬ 
able early summer. C-8888. 

GRADUATE ELEOTRIOAL ENGINEER, 
25, obtaining Master's Degree in June, 1931, 
rt Arfr AH position as assistant professor or instruc¬ 
tor in electrical engineering, or as research 
engineer. Four summers* emplo 3 nnent with 
large utility company. Two years’ teaching 
experience. Has had experience with develop¬ 
ment of remote-control apparatus. Available 
July 1,1931. Location, Unlt^ States, 0-8994. 

EFFICIENCY ENGINEER, industrial eleo- 
trlcai gradTiate with broad experience in applica¬ 


tion of electric drive and design of complete 
power layout in plants. Experience also includes 
considerable time with power companies and 
refrigeration companies. Available on short 
notice. Location, immaterial. A-4018. 

1929 GRADUATE, E. E. degree. Fourteen 
months on General Electric Test. Assignments 
covered work on radio and vacuum development 
and testing all types of electrical equipment. 
Available immediately. C-1879. 

GRADUATE ELECTRICAL ENGINEER 
of Purdue University with 18 years* experience 
in design, construction, estimating, costs, valua¬ 
tion and appraisal of power plants, substations, 
transmission lines and industrial plants including 
five years in heavy electric traction and rapid 
transit work. Open for opportunity with 
future. C-8256. 

GRADUATE ELECTRICAL AND ME¬ 
CHANICAL ENGINEER, 36, desires connec¬ 
tion with public utility or Industrial firm on 
power-station operation as engineer, or as 
assistant to superintendent or en^eer. Ten 
years' experience in pow^ plant test, operation, 
design, construction, and m^tenance. Three 
years electrical engineer for industrial firm. Two 
years assistant to power engineer. B-8379. 

ELEOTRIOAL ENGINEER, 28, married. 

4 years out, now employed. One year power 
utility course, three years telephone and talking 
pictures. Previous experience as commercial* 
radio operator. Would be valuable to concern 
requiring services of capable engineer. Position 
must be permanent with future. Location 
secondary factor. Best of references available. 
Correspondence Invited. 0-7902. 

ELECTRICAL ENGINEER, graduate 1931, 
26 years, single. Desires position in Mexico 
or South America. Speaks and writes Spanish. 
An engineering work in radio or any electrical 
enterprise with opportunity for advancement 
Is desirable. Refer^ces. 0-8662. 

ELEOTRIOAL ENGINEER, B. B. E., class 
1918. Two years teaching, two years sales pro¬ 
motion, five years design power houses, substa¬ 
tions, transmission, equipment specification and 
purchases, switchboards, control, etc. Four 
years plant engineer. Availabl April 1st. 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Poet St. 

San Francisco * 
isr. P. Cook. Manager 


205 West Wacker Drive 
Chicago 

A. K. Krauser, Manager 


31 West 39th St. 
New York 

W. V. Brown, Manager 


\yf AINTAINBD by the national socie- 
ties of civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Ohlc^o, 
and the Engineers* Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Avallahlo.— Brief announcements 
will he published without clwge; repeated 
only upon spedfic request and after one 
month's inter’val. Names and reco^ 
remain on file for three months; renewabte 

uponrequest. SendannouncoDMnatsdh^ 
to Einploynient Service. 81 West 39th 
Street, New York, N. Y., to arrive not later 

tiian the fifl»eeiith df the month. 


Opportunities. —A weekly bulletin of 
engineering potitions open is available to 
.members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in ad vane . 

Voluntary Contributions. —^Members 
benefiting through this service are invited 
to assfet in Its furtherance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.6 per cent of the 
first year’s salary* 

I Answ rs to Annoi*iic®*nonts.-“* 
Address the key number indicated In 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 
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Me».L«rsU 


Apfylications 
for Election 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows Immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before April 30.1931. 
Abara, Ii. L., Associaited Gas & Elective System, 
Oambridge, Mass. 

Arnold, J. S., Western Electric Co., Chicago, Ill, 
Bailey, O. R., Wisconsin Telephone Co., 
Milwaukee, Wls. 

Beaumont, P. E., Otis Elevator Co,, New York, 
N.Y. 

Brayman, O. E., J. J. Murphy & Son, Hartford, 
Conn. 

Brooks, J. F., American Tel. & Tel. Co., New 
York, N.Y. 

Caldwell, R., Idaho Power Oo., Melba, Idaho 
Campbell, A. T., Southwestern Bell Tel. Co., 
Kansas *Oity, Mo. 

Carroll, B. J., Western Electric Co., Kearny, 
N.J. 

Carter, J., New York Edison Co., New York, 
N. Y. 

Collins, P. H., (Member), Kansas Gas & Electric 
Co., Wichita, Kans, 

Cory, H. M., Buffalo, Niagara & Eastern Power 
Corp., Buffalo, N. Y. 

(jrozier, C. J., New York Telephone Co., New 
York. N.Y. 

Dare, T. J., Oklahoma Gas & Electric Co., 
Oklahoma City, Okla. 

Deinert, C. R., Bell Telephone Oo. of Pa.. 
Pittsburgh, Pa. 

Dellgren, H. P., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Downing, O, R., Public Service Co. of Okla., 
Tulsa, Okla. 

Dunham, jr. M., American Tel. & Tel. Co., 
New York, N.Y. 

Bggert^n, E. cG., Safe Harbor Water Power 
Corp., Baltimore, Md. 

Paile, E. H., (Member), E. H. Faile & Co., 
New York, N.Y. 

Pox, E., Southern Public Utilities Co., Salis¬ 
bury, N. O. 

Preeland, E. L., Western Electric Oq., Chicago, 
Ill. 

^Geiges, K. S., Underwriters* LaboratorieB, 
New York, N.Y. 

Gonzalez; J., Power Plant, Roslta, Ooah., 

M^cp 

Harris, R. P„ (Member) Heald*s Engineering 
Oolleg , San Prandsco, Oallf. 

Hoffman, R. E., Western Electric Oo.,* Inc., 
Chicago, m. 

Holsten, P. H., BeU Tel. Labs., New York, 
N.Y. 

Hulddng, J. O., The PhiUp Carey Co., Now 
York.N.Y. 

J<}hes, E. W., Cornell University, Ithaca, N. Y. 
Jones, K. B.,: General Electric Supply Corp., 
Toledo, Ohio 

Katz. H.. 1339 Bristow St., New York, N. Y. 


Kramer, R. S., (Member), N, J. Bell Tel. Co., 
Newark, N. J. 

Kuehne. H. A.. General Electric Co., Schenec¬ 
tady, N. Y. 

Kuhlman, E. O., Southwestern Bell Tel. Oo., 
Kansas City. Mo. 

Laitinen, A., General Electric Co., New York, 
N. Y. 

Loy, J. M., University of Oklahoma, Norman, 
Okla. 

Major, F.H., Allied Engineers, Inc., Atlanta. Ga. 

Mecum, E. J., Chicago District Elec. Gen. 
Corp., Chicago, III. 

Melhom, N. R., Jr., American-Brown Boveri 
Oo., Inc., Camden, N. J. 

Newton, J. O., Long Island Railroad, Wood- 
haven Junction, Woodhaven, N. Y. 

Nlppes, I. S., (Member)I Elliott Co., Ridgway, 
Pa. 

Oglebay, W. J., Buffalo, Niagara & Eastern 
Power Corp., Buffalo, N. Y. 

Patterson, W. H., Edison Storage Battery Co.. 
Orange, N. J. 

Perkins, B. B., United Sugar Companies, S. A., 
LosMochis, Sinaloa, Mexico 

Petrasek, R. P., Carrier Construction Co., 
Newark, N. J. 


New Books 

In the Societies Library 

^MONG the new books received at 
the Engineering Societies Library, 
New York, during January are the 
following which have been selected 
because of their possible interest to the 
electrical engineer. Unless otherwise 
specified, books listed have been pre¬ 
sented gratis by the publishers. The 
Institute assumes no responsibility for 
statements made in the following outlines, 
information for which is taken from the 
preface or text of the book in question. 

Applications op Intbbpebombtry. 
By W. Ewart Williams. N. Y., E. P. 
Dutton & Co., 1930. 104 pp., diagrs., 

7x4 in., cloth. $.85,-^This little book 

provides a useful description of the various 
ts^pes of interferometers and explains the 
prmciples of each type. The scientific 
and technical applications of interference 
methods are pointed out, and useful lists 
of references are given. The work is a 
useful introduction to the subject for 
engineers and physicists. 

Das Buch per Grqssen Chbmieer, 

Bd. 2; von Liebig bis Arrhenius. By 


Quintero, R., Westlnghouse Elec. & Mfg. Oo.. 

• East Pittsburgh, Pa. 

Robinson, T. B., Allis-Ohaimers Mfg. Oo.> 
Pittsburgh, Pa. 

Rozelle, P. M., Western Electric Co,, Inc.. 
Chicago, lU. 

Sahagen, J., General Electric Co., Lynn^ 
Mass. 

Schlrtzinger, H. A., Western Electric Co., 
Atlanta, Ga. 

Stem, J., Western Electric Co., Kearny, N. J. 

Stevens, L. J., Locke Insulator Corp., Balti¬ 
more, Md. 

Stuntz, H., 366 N. 12th St., Newark, N. J. 

Todd. H. P., Chicago Technical Oolleg , 
Chicago, Ill. 

Underwood, O. M., Western Electric Co., 
Chicago, lU. 

WaU, H, P., (Member), City of Detroit, Detroit, 
Mich. 

Waugh, W. R., 1113 Pleasant St., Indianapolis, 
Ind. 

Wright, R. A., Pennsylvania Railroad Co., 
Pittsburgh, Pa. 

Total 68 

Foreign 

Johannessen, B. L., A. S. National Indiistrl, 
Drammen, Norway 

Peacock, G. M. O., MetropoIitan<rVickers Elec¬ 
trical Oo., Manchester, Eng. 

Pinkney. W. H., English Electric Co., Ltd., 
Stafford, Eng. 

Totals 


Giiuther Bugge. Berlin, Verlag Chemie, 
1930. 569 pp., illus., ports., 9x6 in., 

cloth.' 32 r. m.-^The development or 

chemistry during the last century is well 
covered by this collection of biographies 
of great chemists, from Liebig to Arrhenr 
ius. Each biography gives the salient 
facts about its subject and points out 
clearly his contributions Imd their effect 
upon the growth of the science. The 
reader not only learns to know the indi¬ 
viduals, but also gets a good grasp on the 
history of chemistry. 

Economic Control op ENGiNEBBXNa 
and Mantipacturing. By Frank L. 
Eidmann. N. Y., McGraw-Hill Book 
Co., 1931. 402 pp., illus., diagrs., tables, 

9x6 in., cloth. $4.00.-Points out 

problems of engineering and manufac¬ 
turing which must be solved by economic 
analysis and presents methods of pro¬ 
cedure for their solution. Among the 
matters discussed are the choice between 
different types of equipment, the deter¬ 
mination of the economy of proposed 
changes in equipment, processes or 
methods, the proper amount of materials 
to keep in stock, the economic effects 
of arrificial illuimnation, and similar 
.problems. 

L'EvOLUTION ET LE Dj&VELOPPBMBNT 
DBS PrINCIPALES INDUSTRIES DBPUIS 

Cinquante Ans, 1880-1930.. Issued by 
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Goiiie Civil as a special number. Paris, 
Jules-Lefebvre» 1930. 236 pp., Ulus., 

14x11 in., paper. 25 fr.-In com¬ 

memoration of its fiftieth anniversary, the 
“Genie Civil” has issued a special number 
devoted to a review of the progress of 
engineering during the half century. 
Forty-two articles by eminent specialists 
dc»seribc developments in public works, 
mining, agriculture, roadbuilding, rail¬ 
roads, etc. The publication is a valuable 
historical summary. 


Leiiuuuch ueh Beugwerksmaschinen 
(Kraft- und Arboitsmaschinen). By H. 
HofFmann and C. Hoffmann. 2d edition; 
Berlin, Julius Springer, 1931. 402 pp., 
illus., tables, 11x8 in., cloth. 24r.m.;-;— 
A comprehensive treatise upon mining 
imicliinery, wliich not only describes the 
(liiTorent macluues used but also discusses 
tile mine power plant and the distribution 
of power. Starting with a chapter on 
thermodynamics, tlie author discusses 
huJs, boilers and boiler plants, piping, 
Hl eam engines and turbines, ^d interj^- 
combustion engines. Hoisting machin¬ 
ery, pumps, compressors, compressed-air 
machinery, refrigerating and ventilating 
G(piipnient, and olectrical machinery are 
tlum described. 


M.ACiuNr4s 6 t,i!iCTiu<jUKp. By A. Mau- 
cliiit. 4t.h odil.ioii. (Bleotrotechmque 
A|)pliq«6o). I’aris, Diinod, 1931. 2 v., 
1738 pp., diagrs., 10x7 lu^, boimd, 
300,.'>0 fr.; papor, fr.— 

large volumes by Prolessor Mauduit, of 
the University of Nancy, treat oi the 
tiioory, lostiug and construction of elec¬ 
trical macliiuos. Bol-U a^c. and d-c. 
machines are included. The subject is 
trealod bol.h tluKirelically and 
cally, from the plant engineer s point ot 
view rather tluiii for the designer, 

PIIYBICH. By Osoar M. Stewart. Re- 
vised edition. Boston, Ginn <& Company, 
1931. 770 pp., illus., diagrs., 9x6 in^ 

cloth. #4.00.-A tlioroughly reused 

edition of a T)opular elemontaiy college 
textbook. The book is intended espe¬ 


cially for those who are studying physics 
as part of a general course in the arts 
and sciences and have no special trainmg 
in mathematics. The book aims to give 
a good grasp of the fundamental princi¬ 
ples of physics, to illustrate them by 
everyday examples, and incidentally to 
train the student in the scientific method 
of reasoning. 


Radiations prom Radioactive Sub¬ 
stances. By Sir Ernest Rutherford, 
James Chadwick and C. D. EUis. N. Y., 
Macmillan Company, 1930. ^ 588 pp., 
illus., diagrs., tables, 9x6 in., cloth. 
$6.50.—^This new work by the famous 
investigator of radioactive phenomena 
will be welcomed by all students of the 
subject. It is concemejd not with the 
transformations of radioactive substances 
but with the rays that accompany the 
transformations and the effects that these 
radiations produce while passing through 
matter. A concise, connected account of 
our knowledge of the radiations is given, 
and the bearing of the results on the 
problem of the structure of the nucleus of 
the atom is discussed. 


Reports and Papers, 1930, American 


Committees. N. Y., A. S. M. E., 1931. 
Various pagings, illus., diagrs,, tables, 

11X 8 in., bound. #4.00.-record of 

the latest achievements of the various 
research committees of the Society. The 
topics discussed include antifrktion hear¬ 
ings, boiler metal failures, Diesel fuel 
oil, lubrication, management, mechamcm 
springs, metal cutting, metal at higii 
temperatures, thermal properties of steam 
and wire rope. 

These papers have appeared in the 
Tramadions of the A. S. M. B. audm Me- 
chtmieal Engineering. They reappear m 
this volume in convement form tor 
preservation. 

Sub l’Utilisation db la Chaleur 
DANS LBS Machines A Fed. By Hgmi 
B. Reitlinger. Pans & Liege, On. 


Btonger, 1930. 254 pp., 10x7 in., 

paper. 60 fr.-^An investigation of the 

complex phenomena involved in the 
operation of a thermal power plant, under¬ 
taken to develop a method by which the 
conditions for securing maximum effi¬ 
ciency of the plant, as a whole, may be 
determined. The author fii*st presents 
the laws governing the thermostatic and 
thermodjmamic transformations in a newi 
form which enables him to obtain a more 
complete view of the utilization of the 
heat than can be obtained by the usual 
methods. He then applies the results of 
the method to the solution of practical 
problems and shows how they may be 
used in the design of power plants or 
various kinds. 


ENGINEERING SOCIETIES LIBRARY 
29 West 89th Street, New York, N. Y. 

AyTAINTAINED as a public reference 
library of engineering and the allied 
sciences, this library Is a cooperative 
activity of the national societies of civil, 
electrical, mechanical, and mining engi¬ 
neers. 

Resoni'ces of the library are available 
also to those unable to visit it In pei-son. 
Lists of references, copies or translation 
of articles, and slniilar assistance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to co^*er the 
cost of the work required. 

A collection of modem technical books 
is available to any member residing in 
North America at a rental rate of five 
cents pep day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the librnry 
will bring Information concerning them. 


(April 1931)* Title 

Number Author - 

zi:- r~, ' ' Development of a Relay Protective System 

□ 3,.,91 

□ 31-3 .1. mo . Bs,l5ti^W8iaiii.olMolorFioii« 

□ 31-6 .. . 

□ 31-8 rWdT«ts06ThyTil6Ul!toto8i™«>«6 

I 1 31-19 S.R. Bergman. j j.- 

□ 31.33 H. L. Wm. »d 0, B. Blmkw.ll. Noim-B»qu«w 

□ 3.-33 

□ 31-35 R. ■ Rmimet A Modem Eleotrided Dairy Plant 

□ 31-58 A. J. Dreux and H. C. Brunner. a moa«u 

.Members, BnroU^ Stodento ^ Name. 

Address.. 

flvS^to pU complete copy wlU obtain. _ partment A. I. B. E.. 33 West 39th Stre t. New York, N. Y. 

Please ord r reprints by number. Address Order u pa 
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Selected Items From 

Engineering Index Service 


S ELECTED references to current 
electrical engineering articles from 
Engineering Index Service’s review of 
some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 

Ammeters 

HIGH FRBOVENGY. Vn Amp&remetro 
pour tr6s liautes frequences (Ammeter for Very 
High Frequencies), Industrie Eledriquct voL 
39, no. 024, Dec. 25, 1030, pp. 558-561, 3 flra. 
Theory and construction details of hot-we 
instrument measuring up to 100 million cycles; 
performance and correcting calculations are 
given. 


Gables 

MANUFACTURE. Aids to Bettor Cable 
Production. JSlec. World, vol. 97, no. 4. Jan. 
24, 1031, p. 107, 3 Anaconda Wire ic 

Cable Oo. in production of its high-voltage 
cable is employing lead press speciaUy equipped 
to maintain uniform thickness of lead sheath, 
and special facilities for determining power 
factor, capacity, dielectric loss, breakdown, 
ionization, and life of cable under cyclic load¬ 
ing; transformers up to 750,000 volts are used • 
fortesting. 

TESTING. Cable Testing in the Detroit 
Edison Company. E. J. Manuel. Elec, Light 
and Power, yol. 9, no. 2, Feb. 1031, pp. 30-32, 
and 34, 5 n^. Cable testing in Detroit Edison 
Company is don with kenotron which has 
advantages of light weight and, compactness, 
making It posslbl to mount testing equipment 
in truck or trailer and move hurndly to any 
desired location; s t may be operated from either 
110- or 220-yolt supply; disadvantages to use of 
hi^ voltage arC. for testing purposes, are 
enximeratea. 

RADIO. Underground Circuits for the 
Transmission of Broadcast Programmes, A. O. 
Timmis and O. A. Beer. Post Office Elec, 
Engrs,, Jl, vol. 23, pt. 4, Jan. 1931, pp. 815- 
321, 4 EsseniM part of Begloxial Broad¬ 
casting System in England now being con¬ 
structed is network of land lines or repeater 
circuits which link up studios in London and 
elsewhere with radio transmitters, so that pro¬ 
gram from any studio may be radiated from all 
r any of transmitters; analysis of main con¬ 
siderations involved in faithful transmission of 
music imder commercial conditions. 

TEI^EORAfH — FAULT LOCATION. 
Stoenmgsdienst zur Beseltigung yon P^abelfeh- 
lern unter besonderer Berueckslchtigung der 

graph^ und Fernsprechiechnik, Vol, 10. no. 12, 
Dec. 1030, pp. 382-387, 10 hgs. System and 
methods are described. 

TELEPHONE. Notable Telephone Develop¬ 
ments in 1930. Telephone Engr,, vol. 35, no.T, 
Jan. 1981, pp. 17-18, 1 fig. World communi¬ 
cation during past year has made great strides 
toward giving all countries daily telephone 
seMce with each other, either by direct radio 
circuits or through land lines from radio ter- 
mioals. 

UNDERGROUND. Some Notes on Under¬ 
ground Cables, E. S. Simkius. Iron and Steel 
Engi^,, vol. 8, no. 1, Jan. 1931, pp. 32-34. 
Factors controlling current carrying capacities 
wim par^ch^ regard to properties of various 
xnaterlals: perating temperatures of 
rubber, varnished cgan&ic i^paper insulation: 
thermal dharacteristics of duct structure and 
protection of aftor installation. 

Ckuuit Breakers 

RiMoton Switchgear pev^opments, F. G. 

Times, yoL p, nos. 10, ll and 12, 
S7, pp. 688-^6. Nov. 27. pp. 676- 
678,8^ Bed. ^„pp, 751^756,96^. ^^ctions 
^ drcidt brealcer; rupturing canity tests; oU 
piston theory for on circalt fieaker: recent 
eipeatoei^ developnieats; electric air;' air 
blast circuit breaker. 


OIL. The Distribution of Energy Liberated 
in an OU Circuit Breaker; with a Contribution to 
the Study of the Arc Temperature, C. B. R. 
Bruce. Insfn, Elec, Engrs,—Advance Paper, 
received Dec. 1,1930, 25 pp., 7 figs. Manner of 
dissipation of this energy is dealt with In con¬ 
siderable detail for various currents and for 
5,500 volts (r. m. s.); energy dissipated at 
contact surfaces; energy radiated from arc; 
energy required to heat, vaporize and break up 
oU; energy used in raising gas to arc tempera¬ 
ture and energy used in dissociating hydrogen 
present. 

Condensers 

MEASUREMENT. A New Method of 
Measuring the Capacity of Small Condensers, 
H. M. Barlow. Lond„ Edinburgh and Dublin 
Philosophical Mag, and Jl, of Science, vol. 11, no. 
08, Jan. 1931, pp. 184-193, 4 figs. One of best 
methods Is to employ commutator to charge 
and discharge it mth periodicity that can be 
accurately determined; when dealing with 
condensers xmder about 100 micro-microfarads 
really accurate observations are not then possi¬ 
ble; with object of overcoming this diflaculty 
attempt was made to employ two thermionic 
tubes ih place of commutator, charging and 
disdiarging of condenser being controlled by 
alternate positive and negative potentials ap¬ 
plied to grids. 

Conductors 

Tempei*ature Rise of a Conductor due to the 
Electric Current, Y. Ikeda and K. Yoneta. 
Hokkaido Imperial Universitu—Faculty of Eng, 
— Memoirs, vol. 2, no. 5, Dec. 1930, pp. 107- 
145. Mathematical analysis of temperature 
rise of thin wire and strip with rectangular 
cro^ section; results can be applied exactly to 

g roblem of fusion effuse as shown in later paper 
1 same issue; application to design of dimen¬ 
sion of galvanometr-string and that of electric 
heater. (In English). 

Control 

MACHINE TOOJUS. Oontarol of IniUidd- 
ually Driven Machine Tools, O. H, S. Tup- 
holme. Mech, World, vol. 89, no. 2296, Jan. 
2, 1031, pp. 9-10. Maximum output and 
greatest flexibility of operation are obtained 
only when motor-driven machine tools are 
equipped with some form of automatic control; 
all automatic controlling devices divided into 
two classes; one known as time acceleration 
starters, and other as current-limit starters or 
series relays; complete control ffom one point 
is of greatest value for many classes of work, as 
workman can change speed at will as best suits 
work as it progresses. 

Culture 

BNOINEERINO. Engineering Culture, H. 
F. Moore. Science, vol. 73^ no. 1881, Jan. 16, 
1931, pp. 61-54. It Is not Justiflable in author*s 
opinion to exclude ffom any system of general 
ctQture consideration of viewpoint, either of 
sdentifle method, or of viewpoint of applied 
science; is it not Just to call a man xmcultured 
who knows history and philosophy of heat 
enfi^e, but is Ignorant of music, while musician 
ia nailed as cultured, who is master of his 
technique but contemptuous of science which 
has made possible modem pipe organ; some 
positive contributions of engineering to culture 
are dted. Address before Am. Assn. Advance¬ 
ment Sdence, Dec. 80,1930. 

Dielechics 

Dideetric Fhenom^na at Bigh Yoltages, 
B. L. Ooodlet, F. S. Edwards and F. R. Perry. 
Instn. Eke, Engrs,—Advance Paper, reedved 
Dec. 16, 1930, 33 pp., 82 flgs. Breakdown of 
air, oU and solid dielectridi by normal frequency, 
Imptilsive and high frequency voltage; large 
amount of original numerical data la given, 
covering entire range of voltage up to one 
million volts. 


Electric Discharge 

The PotoniM of the Walls Jn ^athode 
Dark Space, J. W. Beck and K. Jf • Blnaeleus, 
Land,, Edinburgh and Dublin JJ^^p^ophical 
Mag.andJl.qfScience,YOl. U, no. fS. .Tan. 1031. 
pp. 64-64, 8 figs. Method for ilndl^K Ppteutials 
in cathode dark space has recently de¬ 

veloped; which affords test of Morso s T*n^ry of 
dark space and leads to determiiiftWon of Town¬ 
send’s ionization for electrons: Drown and 
Thomson’s values for these differ somewhat 
from Townsend’s and it was though** tnat this 
might be due in part to effect of wah changes in 
discharge-tubes used by them; for tms aii^ other 
reasons it seemed of interest to undertake 
investigation of wall potential described. 

Eiectric Drive 

CENTRIFUGES. The Application of Elec- 
trie Motors to the Driving of Oeutrifugal 
Machines. Engineer, vol. 161, no. 3915, Jan. 
23, 1931, p. 112, 1 fig. Notes based on infor¬ 
mation supplied by Pott, Oassels £md AYilllam- 
son, of Motherwell, have been confined princi¬ 
pally to induction motors which are mainly 
used in sugar factories and refineries, owing to 
provision of three-phase supply; when d-c. is 
used friction clutches are usually interposed 
between centrifugal and motor. 

COMPRESSORS. Two-Speod Synchro¬ 
nous Motors Drive Compressors, H. E. Liarson. 
Power, vol. 73, no. 4, Jan. 27, 1931, p. 138-141, 
8 figs. Five synchronous-motor torques are 
considered in application of eqiiipmont to recip¬ 
rocating compressor drives; to allow operating 
compressors are reduced output two-speed 
synchronous motor has been dovolppecl and 
machines of that type are now in service. 

ROLLING MILLS. Main Roll l>rtye 
Statistics.—1930. Iron and Steel Engr., vol. 
8, no. 1, Jan. 1931, pp. 34-38. Tabulated lists 
of main roll drives mstalled in 1930 in XJnited 
States and Canada; showing hp., r.p.m., 
voltage, cycles, t 3 rpe and size of mill, method 
of drive, date of purchase, name of plaixt and 
location. 

STEEL PLANTS. Electrical Equipment for 
Steel Mills, H. A. Winne.. Blast Furnace and 
Steel Plant, vol. 19, no, 1, Jan. 1931, p, 109- 
110. Data on outstanding features of mill 
drives installed during 1930; reversing mill 
drive; d-c. main drives; motor driven Iieavy 
shears. 


Electric Furnace 

Recent Trends in Electric Heating, O. M. 
Bayne. Elec, News, vol. 40, no. 3, Fob. 1, 
1931, pp. 79-80, 1 fig. New typos of lilghly 
efficient electric furnaces available for specific 
requirements indicate that application or elec¬ 
tric heat-treating is only on its infancy. 

Electric Furnaces: Their Dovolopmentj and 
iiroplication, Y. O: Outts. Metal Industry 


tion furnaces for mriting; adoption of electric 
heating never results in inferior product; ib often 
renders possible improved product. 

ALUMINUM ALLOYS. • The Heat Treat¬ 
ment of Aluminum Alloys In the Bllectrie 
Furnace. Meial Industry {Land,), vol. 38, 
no. 8, Jan. 16, 1931, pp. 81-82, 6 figs. Two 
typical alloys, 17S and SIS, are consid r d with 
view to illustrating function of heat treabment; 
artuadal aging. 

ANNEALING. Yaries AnnealingTempera- 
ture by Indnctlon Regulator, R, w. Jollier. 
Steel, vol. 88, no. 5, Jan. 29, 1931, pp. 88-40, 
3 figs. Operation and desto of electric axmeal- 
ing furnaces by Brown, Boverl & Oo.« Ltd., 
Baden, Switzerland; induction regulator enables 
voltage to be raised or lowered by lOO per cent 
from voltage In power line. 

Design^ • Elecfrothermal Processes* H. 
Moore. Instn, Elec, Engrs, — Jl„ vol. G9, no. 
400, Jan. 1981, pp. 189-192. Teclmlcal acLvance 
jhi electric furnaces has been generally Tn Im¬ 
provement of detail and increase In size of unit; 

___ _ there is also marked tendency towards simplifi- 

tri^ by normal frequency, cation of typ«; most signifloant advance has 
frequency voltage; large been rapid growth of high frequency induction 
numerical data Is given, furnace from small ufiits melting fe^ potmds of 
metal to furnaces melting up to one ton or more 
of steel in eadh charge. 

ELECTRODE REGULATION. KeW Mag¬ 
netic Hydraulic Electrode Regulator for Arc 
Furnaces, O. O. Loeb. Iron Age, vol, 127* no. 5, 
Jan. 29, 1981, p. 402-405, 3 flgs. SR tches 
illustrate, prindplea and operarion of 
regulator. 


Economics 

ENGINEERING. Engineering, Economics, 
and the Problem, of Somal Well-Being—The 
Engineer's Yiew, R. E. Flandm. Mech, Eng,, 
vol. 58, no. 2^ Feb. 1931, p. 99-104. Soclm 
problems presented by business cycle for solu¬ 
tion by engineers: more complete science of. 
economics needed; inter-relations of engineer¬ 
ing, srience. and tnventLon; work for coid 
en^eer. 


mGHFRlTOTONCY. Typifiia 
of Ooreless Induction Furnaces* 1,: 


jfojri Age, vol. 127, no* ^ 
895^99 and 447» 4 
installatiqns of coreiSai^d 
melting stem; T ^ 
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as ladle; views ts to futiire of industrial melting. 
Bibliography. 

Power Problems in Hlgh-Freauency Melting, 
B. F. Northrup, Iron Age, vol. 127, no. 4„ 
Jan. 22, 1931. pp. 318-332 and 367-368, 14 figs. 
Eellabllity and life of furnace, and el^tric 
eauloment; factors controlling meltmg effid^cy' 
and^ults obtained from specific instal^tions 
in superheating gray iron and makli^ ^erent 
mrleues of adlSr steel; data on control of stirring 
^ects. 


Hoists 

CONTROL. Automatic Oonteol of SWp 
Hoists. Elec, Times, nol. 79 , no. 2047, Jan. 15, 
1931. pp. 119-120. 3 figs. Special feature of 
BrookfiSst switchgear equipment; (»mprislng 
automatic motor starter of sol^ld type, con¬ 
tactor type main and reversing switch, overto 
protective devices and isolating smtch ^ for 
preventing possibility of contact '^th live 
parts. 


Lines 

CONSTRUCTION. * I^ne 
Organization Methods. 


INDUCTION. The Ooreless Induction Fur- 
nace in a New Role, A. O. Bobiette. Ijron and Hunting 
Steel Industry, vol. 4, no. 4* FjR; 

129. 4 figs. Review of possibilities of this 
furnace as refining appliance; data on furnace 
linings; carbon removal; dephosphorization; 
oSwEing with ore while melting; economies of 
induction steelmaking. 

REFRACTORY MATERIALS. Refractonr 
Materials for Electric. Furn^es. A. B. 

Metal Industry {Land.), vol. 38, 

1931, pp. 3-4.*^ Melting of lead and ite alloys 
Includmg type of metal, babbitt i^ae^, and 
solder; temperature considerations, types or 
brick; shapes of bricks for lining; furnace roof. 

Electric Measwements 

REACTIVE POWER. MSthodo^de mesure 
do VSnergio 6lecteique (Metood of Mewi^ 
nent of Kectrlc Energy) .N. KoppeU ^dus/m 
Electriaue vol. 40, no. 925, Jan.'10, 1931, PP* 

6 figs. Method outUned aUowB fw 
neasurement of reactive power ■with ordinary 
calibration watt-hour meter. 


SYNCHRONOUS MACHINES. Contri¬ 
bution a rstude des oscillations d‘^ alt^ateur 
ou moteur synchrone (Study of Ovulations of 
Alternator or Synchronous Motor), F. Magana. 
SociBli Franeaise des Fllectricim^BuL, vol. 
10. no. 112. Dec. 1930, pp. 1302-1339, 11 figs. 
General equations of three-ph^e machine in 
variable condition; summary of equations for 
Iiermanent state; equations for small mov^ 
ments around permanent state, ovulation or 
synchronous machine with constant excitation, 
etc.; theoretical mathematical analysis. 


urgamzaifiou ivxoouuuo. .tv w, 

no. Ill, Jan. 1931, 7 pp. 
several representative operating companl^on 
various phases of lino constructfon organization 
and efficiency methods 
practlv in purchase of hand tools ^d ^»s® 
power operated tools In roofing, 

&>ring poles are analyzed; s^dy of line crew 
personnel and educational methods, 

SWITCHES. Polo-'^P ^S-srttches Be<^ 
signed for All-Wood. Construction, P. E. 
Andrews. EUc. World, vol. 97, no. 6, Jan. 31, 
1931 n. 226, 2 figs. Following adoption of all 
wood 33-lcv. line constructon cm 

FubUc Service Company of Northern^^Utoow 

problem arose In design of pole-top swlta ^ for 
use on these lines; with i^peratum 


Hydroelectric 


Elevators 

ELECTRIC. Operating Two Elevator Cara 
In One Hoistway. H. D. e™ 

73 no 3 Jan. 20, 1931, pp. 100-103. 8 figs. 
In’first commercial installation of 


Manufocturmg uo., jiiasii a«vw^ 

at 3,000 lb. at 600 ft. per min.; floor-button 
system of control and f ufi-automatlc 
cb^lgn and operating characteristics; plan and 
elevation views of hoistways. 

High-Speed Lifts, B. E. Hopkins, Elec, Retf*. 

Fuses 

DESIGN. Rvhnerische Bestimmung der 
Strom-Zelt-Kurve imd des G^renzstrjmn^; Bel- 

St?a£3SS 5J15SS&3 

TtischR Zeitm, vol. 52, no, 2, Jan. 8, 193!^ PP* v*" 
40, 6 figs. Simple rule for graphical ^eijntia- 
tlon of exponential curves developed and coi> 
rectness mathematicaUy proven. 

Mathematical Investigation 
Formula on the IJhJ^on of Fuse, Y. Ikoda and 
K. Yoneta. Hokkaido Imperial Unloersih^ 
Faculty of Eng. —^Memoirs, vol. 2, no, 6, Dec. 
1930, pp. 147-169, 3 figs. Theoretical mathe- 
maticsd analysis. (In English). 

Gases 

ELECTRIC DISCHARGE. I^ particu- 
laritea de la d5<^ge 

rates, au point de vue ® 

rgclairage (Particularities of Electa^ Dlsch^ge 
in Bare Gases Oonsldered from Standpoint of 
AppUcatlon in L^httag Practice), M. 
Laporte. Reoue G$n$rale dfis Sciences, yol. 41, 
no. 19, Oct. 16, 1930. pp. 643-64®. 
also Genie Civil, vol. 98, no, 4, Jan. 24, 1931* 
p. 96. 2 figs. Contents of rare gases in air, 
Siemical and electric ®®w^derjitlons tor ^ of 
rare gases; process in purification from Bghf*?? 
stan&oint; spectrum of neon is most Inraorta^ 
because of its rlrimess of red, orange anu yeUow 
rays. 

Generators 

WATER WHEEL. 2O.Q00-Kt^. Water 
Wheel Alternators. S. NeJ^e. MefroDohton- 
Vickers Gaz„ vol, 12, no. 213. Jan. 1931, pp. 
286-291, 10 figs. Two 

and instidled by Metropolitan Vtokers Oo., as 
initial generauug plant of ^ Waikaremoana 
hydbtodvtric power station of New Zealand 
have normal rating of 2 p »999 Igja, at 0.8 
factor and are designed to 
tion no, 169 which provides for oyerlowi capacity 
of 26 per cent f«r two hours they have also 2 
ia. rating of25,000 kva, at 428T;p.m. 


POWER PLANTS. Load and Plant Factors 
S. L. Kerr. Power Plant Eng,, vol. 35, no. 4. 
Feb. 16, 1931, pp. 268-260. 4 &s. Influence on 
operation economy; vonomic loading 
turbines; seasonal variation and load regwatton, 
test efficiency compared with over-all plant 
efficiency corrected for gate leakage. 

Insulating Materials 

PAPER. Uses of Paper In Blectri^l 
Apparatus, W. H. Anderson, -^^c* 

£5. 2, Feb. 1981. pp. 99-103.10 flgs^ 
facture of condenvrs paper is very tiun 
or linen tissue; somow&it heavier paper is now 
being wound on fine mapet w^es fila^ of 
customary cotton covering;^ this appucation, 
though new, promises to 
another class of paper generally 
out electrical industry Is for slot cell insulation 
in motors and generators. 

TESTING ELECTRODES. Die Ai^lWung 
von Pruefolektroden nach Bogow^ (Defiifi^ 
Formof Bo^owslclT^t Elvtrodes), O. Stoerk. 
Elektroiechnische ZeU„ vol. 62, no. 2. Jan 8 
1931, pp. 43-46, 1 fig. For m^wements and 
experiments on insulating materials, 
el^trode as proposed by RogowsUl to often 
recommendabm; line of reasoffing ^ 
which electrodes can be selected; graph from 
which form can be deduced. 


Insulation 


RESEARCH. SMU i^ong Way to Go In the 

.a. SStft * f iSS^. "H Loud Speakers 

It^bject discovery of properties ^d 
Insulation based upon Amdamental properti^ 

S matter; second, embr^es 
aim to use fundamental rewpeh to build ups 
emnirical formulas applicable to design or 
S^Sa^n; third division, deludes 


GROUND DETECTORS.^ Neon TubM 

Malce Inexpensive Ground Detector, H. 

Ourrin« Elec, World, vol. 97, no. 2, J®*®• 

1931, p. 110, 1 fig. Short sections of neon tubjM 
with poi-celalu insulators for 
current proved quite satisfactory m 2,400-volt 
detector system. 

VOLTAGE CONTROL. Voltage Surveys 
and How They Are Made, E. S. Lincoffi. 
Indus, Eng,, vol. 89, no. 1. Jan. 1931, PP* 
20-23, 6 figs. Importance of proper voltage 
maintenance In electrical apparatus; effect of 
voltage variation In follo^ring equipment; d^* 
and synchronous motors, hating 
and lighting system; low-voltoge and singly 
phase or three-wires d-c. systems of voltage 
surveys. 

HIGH TENSION — DESIGN. 

mficanique des conducteurs et de la tension de 
pose des lignes a tr6s haute tension (Mec^ifi^l 
Stiongth Calculation for Bigh-Tension Trans¬ 
mission Lines), fl. Roux. Blectricieru vol. 62. 
nS7l607. Jan. 1.1931, pp. 2-6, 6 figs. Equation 
and curves for calculation of span, sag, stresses, 
etc. 

PROTECTION. Safeguards for Low- 
Voltage Electrical 

J. A. O. Klips. Power Plant Eng,, vol. 35, no, 3, 
Feb. 1, 193L pp. 210-218. 7 figs. ^Dual power 
sources, automatic transfer and 
breakers, time limits, convenient 
repair; remote control and removable breakers 
overcome previous limitations. 

Lighting 

CAR* Electric Train-Lighting Equipmgit, 
O. Ooppock. Rg, Engr., vol. 52, no. 912, Jan. 
1931, pp. 37-40, 8 figs. De^, constmction. 
and operating features of eq^ment 
tured by J. Stone and Co.; mring diagrams. 
(Continuation of serial.) 


insmatiou; umru aivusiuiA, 

problems of d^n, Improvement in materials 

and methods of application. 

Lamps 

GLOW. A Three-Element 01<jw I^p for 
Sound Recording, V. T. Braman. Froj^iton 
lnTrvoi:8.^i. Jan. 1931, PP. 19-20, 2 figs. 
Bmpioyment of tidrd oleme^ in glow 
overcomes certain difficulties heretofore experi¬ 
enced in sound recording. 

ULTRA VIOLET. Ultraviolet RadUtlon 
from the Sunlight (Type S-l) A. H. 

Taylor. Optical Soc, Am, —vol. 21, l, 
Jan. 1931. pp* 20-29, 6 figs. Sunlight CFjpe 
S-l) lamp introduced 

TnA ft.Tia of dual purpose lighting, combtntog light 

for vision and radiatlontor healto malnt^^^; 

electrical characteristics; spectral 

teSsrtlcs: energy distribution; operating wnffi- 

tions; instruments and methods 

grapical representations, of data, effect of 

bl^kening of bulb. 

Lighting 

CODES* Code of Street 
Eng, Soc,'^Trans„ 26^no. 1, 

16-85 and (discussion) 36-88, ^ 
covers status and purposes of street itehtlng, 
^biUty under stieet te'* 

u pVitiTig fundamente^; dassiflcation of stare«ts, 
inSsemSended practise for light ^ffic, 
teafflo, and heavy traffic thoroughfares, bu^ess 
districts, alleys, and highways. 


April 1931 


Some Measurements of Loud-Sp^ker In 
Vacuo, P. K. Turner. Ipstn, Elec, 

Aduanee Paper, Jan. 19. 1931, 20 pp.. 18 fl^* 
Electrical impedance of 

of estimating its actual performance. 

Magnetic Units 

La quesaon du “gauM” (Tlw 
“Gauw"), O. O. Manioux. 

V "PApeiricilt vol. 29, no. 4, Jan. 24, 1931, pp. 

has introduced “Oersted” as O. G, S. uni* of 

^*ric field in order to end ^erlm 

dP Gauss unit in United Sta^, 

and other countries; author who 

par* in 1900 to discussions at Amerlc^ Institute 

Electrical Engineers and Electricity Congress in 

P^, where Gauss unit 

correctness of. derision of International Oom- 
missiont 

Measuring Instruments 

Electrical Measuring Instiuments Other TIm 
I ntegrating Meters, O. V. Dry^ale. • 

Elec Engrs, — JL, vol. 69, no, 409, Jan, ^31, 
pp? 170-178. Principal items of Pr®^®^ ^J®® 
appearance of last review In June, 
bemi development of instrument transfOTmers 
wiSh nickel-hon cores; improvement of s®^|5®5 
Instruments; more g®nerri emplo^ent of ^ring 

electric ceUs to photometry. 
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Mechanical Stresses 

FIXED CONDUCTORS. Phenomdnes dec- 

trodynaiiiiq.ues dus aiix courants Intenses dans 
I'amiaTellljtge (Electrodynamic Phenomena Due 
to Strong Currents in Equipment), O. Bresson. 
Revue Generate de VElectricity, vol. 29, no. 1, 
Jan. 3. 1931. pp. 13-30. 24 figs. Summary of 
basic formulas necessary for calculation of dy¬ 
namic stresses resulting from conductors In de> 
fined positions; development for practiced use in 
design of electilo apparatus and equipment as to 
mechanical strength with respect to short-cir¬ 
cuit effects. 

Motors 

RAILROAD. Le moteur de traction a 
courant continu en service sour tension ondul^ 
(Direct Current Traction Motors Operating on 
Pulsating Voltage), K. Toefllinger. Revue 
GBnyrale de V Electricity, vol. 29. no. 3, Jan. 17, 
1931, pp. 105-112, 7 figs. Effect of rectified 
current on operation of motor can be satis¬ 
factory if certain precautions are taken; means 
to be applied are discussed. 


blay Paper Cof), A. Perrin. Revue d* Electricity 
et de MScanique, no. 14, Nov.-Dee. 1930, pp. 
19-25, 9 figs. Supply from substation at 3,000 
volt, 50 cycles, transformed over seven 800-kva. 
transformers to 1,000 volt; drive takes place 
from induction motors of 240 volt ranging from 
120- to 800-hp.; equipment and machinery 
described and spedfied. 


Photoelectric Cells 

Der heutige Stand der Forschung anf dem 
Gebiete der lichtelektrischen Zelien Im beson- 
deren Hinblick auf deren technlsche Anwend- 
ungen (Present Status of Research on Photo 
Electric Cells with Special Regard to Practical 
Application), Schroeter. Metallboerse, vol. 20. 
no. 103, Dec. 24.1930, pp. 2805-2806. Physical 
fundamentals of internal photo effect, variation 
of conductivity, external photo effect, separation 
of electrons from surfaces, photo effect In gases, 
and variation of charging resistance: for practical 
application essentially exterior photo effect is of 
-mue. 


Poles 


Compound Motors Tested on Two French 
Systems. Elec. Ry. JL, vol. 76, no. 2, Feb. 
1931, pp. 92-93. System developed by lievre, 
of Marseilles, using compound motors with 
series-parallel control and regeneration, shows 
savings of 30 per cent from similar equipment 
with series motors. 

SYNCHRONOUS. Simplex Synchronous 
Motor, M. A, Hyde. Elec. JL, vol. 28, no. 2, 
Feb, 1931, pp. 77-80, 6 figs. Simplex synchro¬ 
nous motor delivers both high starting and pull- 
in torque with low starting current and without 
use of any mechanical loading device. 

Networks 

ALTERNATING CURRENT. Design of 
Secondary Distribution Systems, V. W. Palen. 
Power Plant Eng., vol. 36, no. 4, Feb. 16, 1931, 
pp. 264-267, 9 figs. Economic secondary design 
for single-phase system serving city of about 
120.000; design data and calculations. (To be 
continued.) 

CALCULATION BOARDS. The A-C. Cal¬ 
culating Board Simplifies System Design, W. W. 
Parker. Elec. Light and Power, vol. 9, no. 2, 
Feb. 1931, pp. 28-29, 2 figs. Demand for calcu¬ 
lating hoard which would accurately take Into 
account phase angle considerations in solution of 
networks for relay applications and for study of 
voltage regulation, load, control, and stability 
has been met by Westinghouse Company; 
equipment Is described. 

LOAD ANALYSIS. A Few Operating Char¬ 
acteristics of Domestic Motors, Radio Sets 
and Neon Signs, A. W. Murdock. Hydros 
Electric Power Commission Ont. — Bui., vol. 18, 
no. 1, Jan. 1931, pp. 16-22, 2 figs. Attempt to 
analyze characteristics from two angles, nam^y. 
effect of equipment on distribution system, and 
effect of irregularities in system on equipment. 
Before Assn. Mun. Elec. Utilities. 

^PLANNING. System Planning for Economic 
Distribution Substations. Elec. News, vol. 40, 
no. 2, Jan. 16. 1931, pp. 46-46. SuTOlementing 
“A Master Plan for Sound Growth in System 
Expansion,'* previously indexed in Jan. l, 1931 
issue; article covers economic considerations 
necessary foi; establishment of new or future 
distribution substations; no general rules can be 
applied, but every factor should be allotted its 
true weight to arrive al^ best balance. From 
repoi*t of Nat. Elec. Light Assn. 

SHORT CIRCUITS. Mfithode rapide, seml- 
expfirlmentale, pour la d6termination du 
courant de cour-clrcult permanens im 
rfiseau quelcongue (Quick Semi-Bmerimental 
Method for Determination of Permanent 
Short-Oircult in Any Kind of Network), G. 
Orlvalleri. Houilte Blanche, vol. 29, no. 167- 
168, Nov.-Dee. 1930. pp. 174-179,2 figs. Method 
is outlined, curves for calculation are ^ven. 
(To be continued.) 

6u 

A ASSiPiT Y. Potentlometric Determination of 
Ad^ty in Insulatluff Oils, R. N. Evans and 
J. E. Davenport. Indus, and Eng. Chem .— 
Analytical Edition, vol. 3. no. 1. Jan. 16, 1931, 
pp.-82-86, 7 figs. Estimation of addity in oils 
employing alkali blue procedure has been foimd 
to give more satisfactory results than A.S.T.M. 
procedure; In latter method, methyl alcohol 
shodd not be substituted for etl^l alcohol; 
elec trometric titrations have been calmed out on 
type organic acids successfully. 


PRESERVATION. New Treatment for 
Preserving Poles, F. S. Shinn. 2'elephony, 
vol. 100, no. 3, Jan. 17, 1931, p. 33. Extensive 
research work carried on for purpose of develop¬ 
ing new wood preservative; zinc meta arsenlte 
(ZMA) found to be most practical. Address 
before Annual convention. Hi. Telephone Assn. 

Potentiometers 

GLASS ELECTRODE. Ths Glass Elec- 
trode and Vacuum Tube Potentiometers, 
D. H. Cameron, Am. Leather Chemist Assn .— 
JL, vol, 26, no, 1, Jan. 1931, pp. 7-23. Descrip¬ 
tion, disadvantages and use of glass electrode for 
pH detemilnatlons. 

Power Factor 

The' Power Factor Problem. Elec. Engr, 
of Australia and New T^aland, vol. 7, no, 9, 
Dec. 16, 1930, pp. 327-328, 1 fig. Savings that 
can be made by correction; economics of 
situation. 

Power Supply 

BUILDINGS. Electric Service for Hotels 
and Office Bvdldings. Nat. Elec, Ligld Assn .— 
Report, no. 112, Jan. 1931, 28, pp., 27 figs. 
Compiled information on use of electric service 
to serve as gxilde for engineers, architects and 
owners of such buildings or buildings of similar 
character, in selecting source of electric service; 
report generalizes on application of purchased 
electric service and brings out its tangible and 
intangible advantages. 

CAR RETARDERS. New Haven Develops 
Unique Power Supply for Retarders at Provi¬ 
dence Yard. *W. F. FoUett. Ry. Signaling, vol. 
89, no. 1, Jan. 1931, pp. 11-12 and 14, 4 figs. 
Special motor-generator in combination with 
storage battery reduces power consumption to 
30 watts per classified car when yard is being 
operated at capacity; importance of automatic 
switching. 

Radio 

AERIAL TRANSPORTATION. Fort and 
Pilot Oommunicatlon by Radio Telephone, 
A. B. Brundage. Airports, vol, 6, no. 2, Feb. 
1931, pp. 11-13, 3 figs. Advantages of two-way 
communicatioa between plane and airport, and 
available equipment; map shows air transport 
lines equipped with radio tolephone. 

AMPLIFIERS. Audio Oompensated Ampli¬ 
fier for Broadcasting and Recording Studios, 
J. G. Aceves. Radio Eng., YOl. 11, no. 1, Jan. 
1931, pp. 37-38, 6 figs. New audio amplifier 
system which permits of compeusating for 
improper room acoustics and for loudspeaker 
deficiencies. 

BATTERIES. Wireless; The Be^ Problem, 
S. T. Wallace. Telegraph and Telephone JL, 
vol. 17, no. 190, Jan. 1931, pp. 75-76. Problem 
of various batteries used in radio receivers; some 
may consider that all-electric operation is 
ultimate solution to difficulty, but for present 
discussion this can be dismissed; it is very long 
way off for great majorily and in many directions 
it nos its own peculiar difficulties, evidenced even 
in progressively dectrlc America, where battery 
operate receivers are still very much to fore; 
there is occasional talk of cold tubes; they are 
not urgently required; infinitely more pressing 
problem is abolition of need for high voltages. 


Paper Mills 

electric EQUIPMENT. Installatk 
Ele^que de I’Usine de BeUegarde (Ain) de ] 
Papeteries Dsurblav (Ble 
trie Installation of BeUegarde Plant of the Da 


CONDENSERS, ELECTROLYTIC. Elec¬ 
trolytic Oondensers — OharacteristiCB and 
Methods of Measurement, W. L. Dunn. Radio 
Eng,, vbl. 11, no, 1, Jan, 1931,.pp. 31-33, 4 figs. 
Engineering presentation of true action and 
pejTormance of electrolytic condensers used in 
radio receivers. 


Oharacterlstics of Dry-Electrolyte Oondensers, 
H. Ross. Radio Eng., vol. 10. no. 12. Dec. 
1930, pp. 27-28. Laboratory examination of 
dry-electrolyte condensers show characteristics 
for radio receiver operation. 

FREQUENCY METERS. Ein einfacher 
Frequenzmesser hoher Genauigkeit (Simple 
Frequency Meter of High Degree of Exactness), 
H. Piesch. Zeit. fuer Hochfrequenztechnik, vol. 
36, no. 6, Dec. 1930, pp. 211-217,5 figs. Review 
of existing types, calibration standards; measur¬ 
ing equipment over wide range of frequency, 
absorption wave meter, performance, theoretical 
fundamentals, application of phenomena for 
measuring purposes, description of measuring 
arrangement with absorption circuit. Bibli¬ 
ography. 

GENERATORS. Motor Generators. Dyna- 
motors, and Rotary Converters for Radio Uses, 
E. W. Berry. Radio Eng., vol. 10, no. 12, Dec. 
1930, pp. 44, and 40, 1 fig. Field for a-c. tube 
receivers extended by installation of machine 
converters; types of imits aa^e described. 

MEASURING INSTRUMENTS. Rectifier 
Type Instruments, W. N. Goodwin, Jr. Radio 
Eng., vol. 10. no. 12, Dec. 1930, pp. 34-36, 1 fig. 
Practical method of measuring alternating cur¬ 
rents of low e. m. f.’s; construction; principle of 
operation; accuracy; temperature errors; fre¬ 
quency errors; errors due to change in current 
density; wave form errors. 

MEASUREMENTS. Common Difficulties 
in Receiver Measurements. R. P. Glover. 
Radio Eng,, vol. 10. no. 12, Dec. 1930, pp. 42- 
43, 3 figs. Dissemination of incorrect data on 
receiver performance causes serious servicing 
difficulties; method of receiver measurement; 
characteristics of tubes and need for tubes having 
average characteristics. 

REMOTE CONTROL. Mechanical Remote 
Tuning Controls for Radio Receivers, J. O. 
Smack. Radio Eng., vol. 11, no. 1, Jan. 1931, 
pp. 28-30, 6 figs. Method of solving problem of 
remote tuning control for broadcast and airplane 
radio receivers is outlined. 

SHORT WAVE. ShortHWave Receiver 
Design, A. Binneweg* Jr, Radio Eng., vol. 11, 
no. 1, Jan. 1931, pp. 26-27, and 30, 3 figs. 
Regenerative detector short-wave receiver 
deingn with experimental results, are considered; 
with slight change in circuit constants, opera¬ 
tion is greatly Improved. 

SHORT WAVE- A Superheterodyne Re¬ 
ceiver for Short Waves, R. W. Tanner. Radio 
Eng., vol. 11, no. 1, Jan. 1931, pp. 22-23, 1 fig. 
Oscillator timed system for high frequency 
radio reception, gi^g stable operation Is de¬ 
scribed. 

Railroad 

ELECTRIFICATION. Railroad Blectrlflca- 
tlon Brings Economies, H, L. Andrews. Eleo 
World, vol. 97, no. 3, Jan. 17, 1931/ pp. 1,63- 
165,3 figs. Pennsylvania and Reading, using 
11,000 volt, 26 cycle a-c. system are outstanding 
for fact that Inltisd suburban electrifications is 
integral part of extensive project in main line 
electrification; Delaware, Lackawanna & West¬ 
ern is initial suburban project in this country to 
utilize 3,000-volt d-c. system for multiple unit 
cars and is filrst steam railroad operation of any 
magnitude in world to rely entirely on 3,000- 
volt mercury arc rectifiers as conversion imits; 
curves and tables showing economy of operation. 
Fl'esented before New York Railroad Club. 

SIGNALS — CENTRAL CONTROL. Re¬ 
sults of Centralized Control on N.Y.C., J. J. 
Brihkworth. Ry, Signaling, vol, 24, no. 2, 
Feb. 1931, p. 52. Review of Improvements in 
train operation effected by centralized traffic 
control system. Before Now England Railroad 
Club. 

SIGNALS—INTERLOCKING. Canadian 
Padfic Utilizes Modem Interlocking to Protect 
Movable Bridge, E. S. Taylor. Ru, Signaling, 
vol. 24, no. 1, Jan. 1031, pp. 24-26, 7 figs. 
Design and operating features of signals and 
slnialing system eminoyed between Sault Ste. 
Marie, Ont., and Sault Ste. Marie, Mich,; two- 
lever table interlocking machine controls 
bridges. 

TRAIN CONTROL. Annual Report of 
Bureau of Safety on Signals and Train Control. 
Ru, Signaling, vol. 24, no. 1, Jan. 1931, pp. 21-23. 
Abstract of report by Bureau of Safety of Inter¬ 
state Commerce Commission for fiscal year end¬ 
ing June 30. 1930; special investigations; acci¬ 
dents in train-control territory. 

Rectifier 

VACUUM TUBES. Bln gaagefueiUter 
Eleinglelchiichter mit O^dgluehkathode (Gas- 
filled Small Capacity Rectifiers with Oxide 
Coated Incandescent Filament), M. EhoU. 
Blektroiecknische ZeiU, vol, 52, no. 3, Jan. 15, 
1931, pp. 66-68, 8 figs. New types of fiffi-wave 
rectifier tubes with oxide filament and. argon 
filling of w‘bich small dimeuslons provide for 
inexpensive manufacture and Jong fife; oscillo- 
grapnic testing. 
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Refrigeration 


ELECTRIC MOTORS. The Patent Situ^ 
tion In Enclosed Motor Refrigeration. H. R. 
Van Deventer. Refrig, Eng,, vol, 21, no. 1. 
Jan. 1931. pp, 29-52. 18 figs. Term ‘‘enclosed 
motor" as applied to refrigerating madtoes has 
been commonly applied to unitary motors and 
•compressors enclosed in hermetically sealed 
chamber; advantages and disadvantages of 
arrangement; rfisumd of patent situation. 

Rotors 

Coil Support Insulation for Rotor B^(^g. 
A. C. Roe. Indus. Eng., vol. 89, no. 1. Jan. 
1931, pp. 33-35. 9 figs. Practical dl^ssion of 
coll supports, matoidals and metho^ used to 
prepare them to receive winding and retaining 

Signals 

MINES. Underground Signaling -witb A-0. 
Circuits, G. Allsop. Colliery Guardian, vol. 142, 
no. 3667. Jan. 30, 1931, up. 393.394. 2 figs.; 
see also Iron and Coal Trades Reu., voL 122, no. 
3283. Jan. 30. 1931, p. 217. 2 figs. Suggested 
methods for slgnaUng, to guard agamst open 
sparking; necessity of closing and opening beU 
cu'cuit has been eliminated by employing choke- 
coil to var>' current through system. Abstract 
of paper read before Midland Inst. Mm. Engrs. 


Spark Gaps 

CALIBRATION. Sphere-Gap Calibration, 

S. Whitehead and A. P. OaateUaln, Insin. 
Elec, Engrs,—Advance Paper, received July 22, 
1930, 24 pp.. 24 ^s. Experiments carried out 
at East London Omlege upon spark oyer between 
spheres and standardization of sphOTe-gap as 
voltmeter; origin and objects^ of research; 
methods employed in measuring high voltages. 

Substations 

INDUST RIAL. Substation Standardized for 
Small Industrials. Elec. World, vol. 97, no. 

2. Jan. 10, p. 103. 1 fig. Typical of equipment 
and arrangement adopted for loop tio-ln sub¬ 
stations for relatively small Industrial customers 
is 22-kv. Stubenvllle coal and mining station of 
Ohio Power Company; airbreak switches pe 
installed on lino sides of tap connections l^ing 
to transformers and protective equipment, and 
Bwitchas of this type also are interposed In 
advance of delta-connected ^transfOTinps; sta¬ 
tion suiToimded by protective industrial wire 
fence is used for capacities up to 1,000 kva. 

REMOTE CONTROL- Midworth Distant 
Repeater Equipment for Electric Substation 
Control. Rg, Oaz,, vol. 64, no. 1, Jp. 2, 1031, 
DP. 19-20, 1 fig. System installed on Man¬ 
chester, South Junction and Altrincham 
Railway, enabling complete control of TimperJey 
substation maintained from Old Traflord main 
substation; diagram showing general a^ange- 
ment of Midworth distant repeater installation; 
system operation. 

Telephone 

AUTOMATIC. Problems In Aiij^matic 
Trunking—Last Contact Traffic, N. A. Hawkins 
Post Office Elec, Engrs, Jl„ vol. 23, pt. 4. Jan. 
1931, pp. 272-281. 6 flgs. Theoreti^ con¬ 
siderations of case of full availability and of case 
of grading; practical applications with examples. 

CARRIER CURRENT. Pull Description of 
Tyne O Carrier System, P, J. Dommerque. 
Telephone Engr„ vol. 36. no. 1, Jan. 1931. pp. 
22-24. 6 figs. ,System accommodates three 
carrier channels in addition to voice current 
chamiei. 

ECHO SUPPRESSORS. The New Standard 
Echo Suppressor, W, P. Mwriage^ P. B. Thomas 
and K. G. Hodgson. Elec, ’Communicaiion, 
vol. 9, no. 3, Jan. 1931, pp. 196-202, 9 figs. 
International Telephone and Telegi'aph Laboi^ 
tories have developed new type of valve echo 
suppressor which has been stondardlzed by 
International Standard Electric Oorp. and wMc* 
operates entirely without moving and Is 
therefore very reliable and easy to maintain. 

rEREORMANCB. Ratlng^e'ftansB^ml 
Performance of Tele^one Olrcults, W. H. 
Martin. Bell System Tech. Jl., wl-^lO, no. I, 
Jan. 1931, pp. 116-131, 1 flg. Bating Is dis¬ 
cussed on baste of rate of repetitions In ^ephone 
conversations: rating method set up on this baste 
te being adopted In BeU System for determining 
and expressmg data for transmission design of 
telephone plant. 

REPEATERS. Step-by-Step.Pul^ Bepeatmr 
P. T. Slattery. Bell Zaboraiortes Re^, vol. 9, 
no. 6, Jan, 1931. pp, 288-240, 3 figs. Necessity 
to provide some means of relaying dial, pu^es 
ab Originating office is met by^use of appajatiM 
capatfe of receiving pulses feom snbsc rl^ s 
dial and sending out new ones whi^ wlU success¬ 
fully operate Batches in distant office, toiown as 
pulse repeater; various pulse repeating circuits. 


Television 

Progress In Two-Way Television, H. B. Ives. 
Sell Laboratories Rec., vol. 9, no. 6, Peb. 1931, 
pp. 262-264, 4 figs. Optical featm^, which 
nndee received image quite appreriably more 
life-like than it appeared with any of earner 
apparatus. 

MULTI-CHANNEL. A Muitl-Channel 
Television Apparatus, H. E. Ives. O^ica/ 
Soc, Am. — Jl., vol. 21, no. 1, Jan. 1931, pp. 8- 
19.6 flgs. Method developed provide linage of 
many-mid mor image elements than heretofore, 
and may make easier problem of transmission 
over practical transmission lines; three-<^aimei 
apparatus; three-olectrode neon lamp used; ols- 
cu^on of results. 

SYNCHRONIZATION. Die SynchrO^er- 
ung von Femsehempfangs-Apparaten, Insbe- 
sondere bei Verwendung der Braimschen Roehre 
(Synchronization of Television Rec^vlng Ap¬ 
paratus with Special Regard to AppUcatfon of 
Braim’s Tube). E. Hudec. Fernsehen, vol. 2, 
no. 1, Jan. 1931, pp. 14-28,16 flgs. It is shown 
that perfect synchronism between image- 
composing and image-dissecting equipn^nt 
only then is possible, when special svni^onlzlng 
current is generated at receiver which Is com¬ 
pletely separated from image current. 

Testing Apparatus 

Hlgh-Voltege Testing Equlpironts, B. T. 
NorS and P. W. Taylor. Insin, Engrs.— 
Advance Paper, received Dec. 16. 1930, 22 pp., 
26 flgs. Paper describes numerous classy m 
apparatus available for production of high 
voltages for testing and experimental purposes 
and discussed installation and operation of 
complete testing equipments for various special¬ 
ized requirements. 


Trackless Trolleys 


Trolley Bus Costs and Advantages Oomp^ed 
With Other Vehicles, E. H, Lamborgep. Elec, 
Traction, vol. 27, no. 1. Jan. 1931, pp. 28^1, 

4 figs. Advantages and disadvantages of elec¬ 
tric, gas-electric and ga^mechani^l hu^; 
curves indicating acceleration characteristics of 
tlireo types of buses; relative schedule speed 
characteristics of three types of 

engine speed of gas-electric and gas-mechanmal 
venlcles, and power costs; table of comp^tivo 
investment and operating data be^^n trolley 
bus. gas-electric and mechanical vehicles. 

Trolley Bus Experiences Unprecoden^ 
Growth Dm*ing Past yea^ C. ^ Faust, pec, 
Ru, JL, vol. 76, no. 1, Jan. 1931, pp. ^.-48, 

5 figs. Five new Installations add H)5 yelucles 
md 34.90 route mi.; with additions of 11 trolleys 
buses and 7.36 ml. by systems already ta opera; 
SmTtotals for industry to 182 vehicles and 
70.06 ml.; present trolley-bus 

United States and Ite possessions; table ofjjrolley 
buses ordered by electric railways durii^ 1930, 
totaling 116. 


tlally of oll-lmmersed drum controller, fingers 
of which make contact on their segments m 
correct sequence as drum revolves. 

Vacuum Tubes 

TELEPHONE. Vacuum Tube Theoiy and 
Practise as Applied to the Telephone Cmcuit. 
Telephone Bngr,, vol. 35, no. 1, J^. 1931, pp* 
36-38, 8 flgs. Types; theory of opemtion, 
characteristic curves; constants; plate resistance; 
mutual conductance. • 

THYRATRON- Motor Control by Thyr^ 
tron Tubes, A. G. Turnbull. Elec, News, vol. 
40. no. 2. Jan. 16, 1931. pp. 64-66. 4 fig®-. Two 
examples, illustrating accurate control, point to 
no limit in application. 

Voltmeters 

NEON TUBE. The Construction and Opera¬ 
tion of a Simple Neon-^riibe High-Tension Crest 
Voltmeter. L. E. ByaU. Insin, Elec, hfffrs.— 
Advance Paper, received July 4, 1930, 7 PP*. 8 
figs. Prlndiples governing design of neon tube 
crest voltmeter; precautions n^ssary to secure 
reliable operation including flection of pern^ 
nent neon lamp; 160-kv. (m^.) vol^ 

meter; and design of voltmeters for higher 
voltages. 

Watt-Hour Meters 

MAXIMUM LOAD. Hoechstlelstungs- 
messer imd ihre Messgenaulgkelt (Maximum 
Load Meters and Their Exactnj^ In Meas^- 
ing), F. Bergtold. Elektnsche vol. 29, 

no. 1. Jan. 15.1931, pp. 1-6.10 aw.. P^^na- 
tlon of maximum required load by means of 
watt-honr meter with special recording ineciu 
anism, performance of this equipment and 
possible errors in operation. 

TESTING. Permanence of Rotting 
ard Accuracy, G, E. Meredith Elec, World, 
vol. 97, no. .4, Jan. 24, 1031, p. 188, 1 Out 
of 212 weekly tests on rotating standt^ pw- 
chosed In 1924 by Kansas City Power & Light 
Co. and in continuous use since t^t ye^ only 
26 show accuracies ‘‘a^^oond above 100.5 
below 99.6 per cent. Before Nat. Elec. liight 
Assn. 


Transformers 


Welding 

bridge construction.. Welding In 

Bridge Work. Ry. Eng, and Maintenance, voL 
27 noT i;Jan. 1931, pp. 42-43,1 fig. Bndge and 
Building Assn, conriders application of eT^tnc 
welcSng steel structures; presentation of paper, 
abren^enlng a Bridge by .^c Welding Process, 


by 


.Roof, and discussion. 


design. Transformer Design. E.T. NoiTte. 
Flee Rev,, vol. 108, nos. 2774 and 2776, Jan. 23, 
1931, pp. 140-142 and Jan, 30, pp. 182-184,8 flg^ 
Jan 23: Investigation into methods of reducing. 
s^Bos in windSigs resulting from 
mige^d stoop-fronted traveling waves ;irdtial 
distiSution of surges; results of voltage os^ljr 
tion; limitation of local stres^; 
shields* ma-ximum wave-length of surges. 
Jan 20; Protection of windings agf^^t surges 
bv means of external apparatus -vriilch reduces 
steepness of traveling waves. 

DISTRIBUTION. Distribution TraMfom- 
ers E. T. Norris. Elecn., vol. 106, no. Jan. 

lo ’mi, pp. 162-163. 4 flgB. Bfleot M lighting 
surges ana lino Insulation on reliability test, 
location of failures. 

Feh 7 1931, P* 286, 6 figs. System used to 
obtain toly consistent ground current behavior 
by oSahoi^ Gas & Electric Company. 

RELAYS- Theory and Applicattoi^fRelay 
Systems—Transformer 

firm fLiid'I T. Monseth, Elec, JL, vol, 28, n^ 2, 
fS mi. PP 111-116. 21 figs. La ^plying 
dlfferentlai remys to transformers, ratio wfleren- 
tlal type rather than ordinary overload t 3 rpe of 
rAlfl.v should be used; this results in fonn of 
n^^tton which is sensitive to internal faults 
yet Sensitive to short-circuit 
through transformer and caused by extemm 
fault conditions. 

TAP CHANGERS- Transformers Tap 
ChaniEing OH XiOad. Engineer, vol. 161, im. 
3913^^. 9^9^?pp. 68-69, 7 figs. ^ New B. T. 
H inexpensive ani smiple equipment, developed 
Si* use ^th transformers carr^g but small 
^St ^ pha^bich at present can be used 
on traniSormers up to 6 , 0 ^ 1 r<ra. ^P^ty and 
working on 33 , 000 -vplt systems, consists essen- 


CAST IRON. Pure-Iron Elocteodes for 
Welding Oast Iron, H. D. and J- S^^* 

Primrose. Foundry Trade JL, vol. 

Tan 15. 1931. PP* 37-38. Effect of phosphide 
eutectic; mechaniad strength of welds; 
on; thermit process; metalllcs-^rc “SJwa’* 
soft-iron rods; welding 

fluxes used; danger zones; welding malleable 
castings. Abstract of paper read before Instn. 
Welding Engrs. 

NICKEL STEEL. Abstract ofThesls on Arc 
Welding, of Nickel T. K. McM^. 


steel with commercial, “*«*;r* 

num-bronze, nickeliSteel and 
niim wire: tension, bend, impact and fatigue t^ 
and welded inaterials supplem^t^ 
by H-ray examination; miCTOphotographs illus¬ 
trate crystal structure of welds. 

PRESSURE VESSELS. .Unfired Pressure 
Vessels W. Spraragan. Indus, arid Eng. 
C/i<*m.,’vol, 23, no. 2, Feb. 1931, PP. 

8 fiS. Fundamental factors^ coi^der^ are: 
Election of ma-terial of good welding quaUtsfc 

sass's 

Ji) testing of compjpted vessel. 

Welding Machines 

Kestetanoe Butt Welding of Toote. W^dinfl 
E^Tv^. 16.no. 1. Javn. 1931, PP. 41-42. 5^ 
DnSm and nerformance of mariilnes suited 
SS^wly ^rwellSg of drills and other 
predfllon tools. 

att^tamatiC. Automatic Arc Welding. 
voL 151, no. 3916, Jan. 23, 1931. p. 
100^ 6 figs. A. B. G. system of automatic arc 
wel&i^ was developed to iniprove upon 
^ h^d, which presents several 
dW^tegw: aute^tic 


With higiier current vomw 
wMlellrc can be moved over work^ornfiy^d 
be made to deposit metal smoo^y 
tinuoufdy; examples of A.E.G. welding machines 
and their application. 
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H. W. Clough Promoted.—The 
Belden Mauufaeturing Compainy, CM* 
cago, announces the appointment of 
H. W. Clough as sales manager. Mr. 
Clough has been with the company for 
nine years and was previously manager of 
the Merchandise Division. 

Joins Norma*Hoffmann Sales Force* 
—John W. Blackford, for the past 8 years 
with the Torrington Company and for the 
last two years manager of the Detroit 
office of the above company, has joined 
the sales organization of Norma-Hofmann 
Bearings Corporation, Stamford, Conn. 

Rockbestos Products Corporation, 
New Haven, Conn., manufacturers of 
electrical wires and cables for use under 
severe conditions, announces the appoint* 
ment of Malcolm. T. RitcMe as New 
England territory salesman; the addition 
to its Pittsburgh sales office of Carleton 
W. Fletcher, formerly of the main office, 
and the addition of Philip 0. Weston to 
the home office sales promotion staff. 

Tl^e Gen ral Electric Company, 
Schenectady, N. Y., has disposed of its 
trolley line material business to the OMo 
Brass Company of , Mansfield, OMo. 
This includes overhead materials for 
electric railways, electrified mines, indus¬ 
trial haulage, and electrified steam roads, 
—^a field in wMoh the OMo Brass Com¬ 
pany has speciMized quite intensively for 
many years. This transaction is rela¬ 
tively of small importance because of the 
volume of business involved, and although 
of some advantage to both companies, it 
is principally of benefit to the users of 
this class of material. 

The Daven Company, successors to 
The. Daven Radio Corporation, manufac¬ 
turers of Super-Davphfii wire wound 
precision resistors, 158-160 Summit Street, 
Newark, New Jersey, announces the 
purchase of the Superior Resistor Corpo¬ 
ration recently located at 334 Badger 
Avenue, Newark. The entire equipment 
of the former Superior Resistor Corpora¬ 
tion has been moved and assembled at the 
Daven plant. With this addition in 
inacMnery and equipment The Daven 
Company has increi^d its production 
capaMt^ over 25 per cent. The Daven 
Company will mtain the, trade name 
**Super-Ohm*' in addition to their pres¬ 
ent trade names ‘*Su]^r-Davohin** and 
‘*Davobm.’* 

General Electric Annual Report.— 

De^te the general de|»ess|pn in business, 
General Eleetrie bad a le^y' successful 
year in 1030, wiiii eaming&g^test in the 
hutey of the company; wept lor 1029, 
Gerard Swope, laesident, cUsclosed; M the 


annualjreport of the company recently 
made public. 

Orders received during 1930amounted to 
$341,820,312, compwed with $445,802,519 
in 1929, a decrease of 23 per cent, and 
unfilled orders at the end of the year 
totalled $56,062,000, compared with 
$94,623,000 at the close of 1929, a de¬ 
crease of 41 per cent. Sales biUed for 
1930 were $376,167,428, compared with 
$415,338,094 in 1929, a decrease of 9^ 
per cent. Net income from sales in 1930 
amounted to $40,450,261, wMoh, com- 
jMvred with $49,395,896 in 1929, ^ows a 
decrease of 18 per cent. These figures 
1930 do not include radio set and tube 
business, wMch was transferred to the 
Radio Corporation of America on Janu¬ 
ary 1, 1930, except that derived from 
. Geneml Electric radios, wMch were intro- 
duoed the latter part of the year. 

The average number of employees 
during 1930, not including those of asso¬ 
ciated oompanies, was 78,380, compared 
with 87,933 in 1929. The total earnings 
of these employees were $140,905,000 
and $163,090,000, and average annual 
earnings were $1,798 and $1,855 respec¬ 
tively. 

Recent Westlnghouse Orders.— 
As a part of the electrical equipment for 
one of the largest electro metallurgical 
plants in the world, the Westinghouse 
Electric & Manufacturing Company has 
received from the Electro Metallurgical 
Company, an order amounting to ap¬ 
proximately $1QO,000 for six 5,000 kva. 
transformers to supply power to electric 
furnaces. The new plant, wMch will be 
at Boncar, West Yirginia, is being con¬ 
structed by the Electro Metallurgical 
Company, a subsidiary of the Union 
Carbide & Carbon Corporation. 

Other recent orders include the electri¬ 
cal, equipment for five 400-hp. gas el^trio 
cars to be used on the Santa Fe RaOroad. 
These oars will be duplicates of four 
others ordered by the same company in 
1929. The Westinghouse Electric Inter¬ 
national Company has been awarded a 
contract for twelve eirouit breakers by 
Ryobi Denki Shokai, of japan, for use in 
the Tokyo ^trict. 

An order in excess of $500,000 has been 
received &om the Navy Department for 
the main propelling machinery and en¬ 
gine ropm auxiliaries for a new 10,000-ton 
Treaty cruiser. The new vessel, desig¬ 
nated as No. 38, is yet unnamed and 
be built at the Mare Island Yard, 
California^ Her four main geared-tur- 
bines will deliver a shaft horsepower of 
107,000, giving the vessel a speed of 33 
knots; The electrical equipment will be 
a duplicate of that ordered for oroisers 


37,34, and 36, all beii^ for Westinghouse 
machinery. 

The Brooklyn Edison Company has 
ordered sixteen 1,000-hp. electric motors 
to be installed in the Hudson Avenue 
Generating Station as a part of the auxil¬ 
iary equipment for units in that station. 


TraJe Lileralure 


Instruments.—Catalog 211, 188 pp. 
Describes Westinghouse instruments, 
relays and electronic devices. Westing- 
house Electric & Manufacturing Com¬ 
pany, East Pittsburgh. 

Electric CDs Meters.—Catalog 3004, 
32 pp. Describes Brown 002 indicating 
and recording meters used in furnace 
operation. The Brown Instrument Com¬ 
pany, PMladelpMa. 

Carrier-Current Telephone Equip¬ 
ment.—Bulletin GEA-1354, 8 pp. De¬ 
scribes type KCA-400 carrier current 
telephone equipment for patrol and 
unattended-substation use. General Elec¬ 
tric Company, Schenectady, N. Y. 

Lightning Arresters.—Bulletin 1, 20 
pp. Describes the process of manufac¬ 
ture of crystal valve lightning arresters. 
This booMet is the first of a series. 
Electric Service Supplies Company, 17th 
& Cambria Streets, PMladelpMa. 

Oil Drier and Filter.—Bulletin QEA- 
1333, 4 pp. Describes the G-E trans- 
former-oil drier and filter for removing 
moisture and other foreign material from 
insulating oil in order to restore its 
dieleotrio strength. General Electric 
Company, Schenectady, N. Y. 

Industrial Control.—batalog 5016, 
24 pp. Describes Condit air circuit 
breakers, oil switches and circuit breakers, 
air and oil motor starters and service 
switches. Condit Electrical Manufac¬ 
turing Oorp., Hyde Park Station, Boston. 

Heavy - Duty Test Seta.—Bulletin 
1133,4 pp. Describes special transform¬ 
ers and test sets for heavy-duty testing 
at high voltages. The umts covered 
range in size from 2 to 500 kva., and are 
built for potentialB from 10,000 volts to 
300,000 volts. Amerioan Transformer 
Co., 177 Emmet Street, Newark, N. J. 

Portable Oil Test Set.—Bulletin 
1132, 2 pp. Describes a portable set for 
making accurate dieleotrio strength tests 
on transformer oil. The unit operates 
from 110-volt, 60-oycle circuits and de¬ 
velops potenti^ up to 30 kv, It is 
equipped with a voltmeter, circuit breaker 
and potentiometer. Ain<^o$n Trans^ 
former Co., 177 Emmet St., N. J, 
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UO-kv. line of the Salt River Valley (Arizona) Water User's 
Association which ties the 33,000-kva. Horse Mesa hydro 
plant into a transmission loop which includes the power 
house at the famous Roosevelt Dam. David F. Wilkie 
(A’22), superintendent of power plants is standing by the 
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/^F PARTICULAR interest in this 
month’s news are the complete 
program outline for the annual Summer 
convention to be held in Asheville, N. C* 
in June (pp. 868-871); a review of the dis¬ 
cussion wMch transpired at the recent 
district meeting in Pittsburgh (pp. 378-8 ); 
notice of an economic conference to be 
held in August at the engineering camp of 
Stevens Institute of Technology (p. 878), 
and a report upon living conditions in 
Russia, (pp. 874-6.) 


jy F. BAILEY, besides having been 
professor of electrical engineering at 
the University of Michigan for the past 
eighteen years, has been a director and 
consulting engineer for several electrical 
manufacturers; also an expert patent 
case witness. He is the author of many 
books and articles on technical subjects; 
in this issue he describes some of the noise 
abatement work carried bn at the Uni¬ 
versity under his direction and introduces 
a symposium on the importance of noise 
reduction in electrical machinery. (See 

p. 840.) 
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npHE NOISE PROBLEM is broadly 
treated in six other articles by four 
engineers of the BeU Telephone System, 
five of the Westinghouse Company, three 
of the General Electric Company, and one 
of the Commonwealth Edison Company, 
Chicago; each contributes the results of 
experience gained in his own particular 
field. pp. 848-858.) 


J W* MILNOR, for the past twelve 
• years research ei\gineer for Western 
Union Telegraph Company, and one of 
the foremost telegraph engineers in the 
entire world^ gives some of the features of 
design and operation in coimection with 
the New York-Azores high-speed sub¬ 
marine telegraph cable installed in 1928 
and ever since then in successful duplex 
operation. G. A. Randall of the same 
company assisted Mr. Milnor in preparing 
this article. (See p. 887.) 


INDUSTRIAL-UTILITY interconneo- 
tion problems, one of the subjects to 
which an entire session was devoted at the 
recent district meeting at Pittsburgh, are 
discussed, and advantages accruing to 
both systems from a free interchange of, 
power interestingly pointed out, by W. B. 
Skinkle of the Subsidiary Companies, 
U. S. Steel Corporation. (See p. 866.) 












Stroboscopic 
Moving Pictures 


By means of moving pictures taken 
stroboscopically it is possible to see 
the rotor of a synchronous machine 
just as though one were actually re¬ 
volving at synchronous speed with the 
rotating field of the stator windings. 
Newly developed thyratron tubes pro¬ 
vide suflacient light for taking the 
pictures. 

By H. E. Edgerton 

Associate A. I. E. E« 

Massachusetts Institute of Technology 
Oambridge 


O F THE SEVERAL different meth¬ 
ods of determining the very impor¬ 
tant, but rarely measured angul^ 
displacement of a synchronous machine, stroboscopic 
observation is the most direct and straightforward. 
This method requires a minimum of apparatus; 
namely, a diak ri^dly attached to the shaft of the 
synchronous machine, a suitable stationary scale ^ for 
recording the displacement, and an intermittent light 
source operating in time phase with the terminal voltage 
of the machine. The disadvantage of the stroboscopic 
method in the past has been that the measurements 
had to be recorded visually, and thus the accurate 
measurement of transient variations of s^sl® been 
practically impossible because of the iiiability of an 
observer to record the phenomena during the short 
duration of most transients. 

With the stroboscopic device described in this 
article, enough light is produced so that a motion- 
picture record can be made of the angular displacement’ 
of a synchronous machine. A niCTCury vapor arc is 
used which produces the characteristic blue light well- 
known for its powerful actinic properties. The tube 
used to produce the arc is a thryatron containing grids 
that control the electrical transients which are the 
source of the stroboscopic light. 

Stroboscopic moving picture records will provide 
important observations for those who axe concerned 
with the operation of synchronous machines. These 
moving pictures will be especially valuable when 
correlated with oscillograms taken, simultaneously. 
The “strobograms," as these pictures may be callied, 
wdll furnish power engineers with information regarding 
the displacements of their ^nerators, con- 
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densers, and lines during switching and short-circuit 
disturbances. They will tell the users and deagnem of 
synchronous motors ^actly how far the rotors swing, 
their period of motion, and the damping of thw oscil¬ 
lations for violent, sudden load changes such as are 
conunon in the steel industry. Photographic records 
will be valuable also in studying the steady-state time- 
angle variations. 

In addition this method of photographing stroboscop¬ 
ically illuminated objects will provide r^rch workera 
with the means whereby naany experimental investi¬ 
gations may be made. It is especially adapted for 
studying the motion of mechanical objects such as 
springs, cams, valves, and other devices. 

Among the important requirements for a stroboscope 
suitable for photographic purposes, are: 

1. Short duration of the light. H the iUumitotion extends 
over an appreciable p^od of tiine the image ■will be blurred. 

A rough calculation shows that the duration of the main flash 
should not be longer than about 10 microseconds. 

2. actinio Ifeht. Photographic film is much more 
sensitive to ultra-violet and blue light than to red. For tlm 
reason a mercury discharge tube is used in place of the commonly 
used neon tube. The light from a mercury arc is composed of 
stroi^ blue and ultra-violet colors. Some of the ultra-violet 
radiations are, however, absorbed by the glass walls of the tube. 

3. Eeliabmty of light-flash control. A synchronously ro¬ 
tating object viewed by a stroboscope will not be stationary if 
there is any variation in the interval of time between discha^s 
in the stroboscope circuit. This time interval can be controlled 
very accurately by applsring sufficient voltage to the thyratron 
grid. 

Thyeateon Ciecuit 

Ab arrangement of apparatus capable of producing 
a powerful stroboscopic light is shown in Mg. 1. Cur¬ 
rent waves for various branches of the circuit are in¬ 
cluded also in this illustration. light is obtained from 
a condenser discharge through the th^tron tube; and 
ainpi* the only impedance in the cir(^t besides the 
thyratron is that of the leads connecting the tube to 
the condenser this discharge is very rapid, lasting only 
about 10 microseconds or even less. An intense mo¬ 
mentary light flash is thus obtained. 

The sequAucp. of events through a cycle of operation 
will be d^cribed in detail. When the grid is negative 
no current is flowing from the main anode because the 
grid has the property of extinguishing the arc. Such 
grid action is contrary to the usually explained rules of 
thyratron operation but occurs here because of the low 
density of the anode current and the large condenser 
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in parallel with the arc. During this half cycle, current 
flows from the 600-volt d-c. source through the resis¬ 
tance into the condenser in the well-known exponential 
relationship. The resistance and capacity are adjusted 
so that the potential across the condenser becomes 
practically 600 volts during the half cycle that the grid 
is negative. Replacing the resistance R with inductance 
L, or using both in series with the condenser, will give a 
still higher voltage across the condenser, if R, L, and G 
have proper values. 

At the end of the charging half cycle, the grid becomes 
sufl&dently positive to allow current to flow from the 
anode. The charge that has been accumulated in the 
condenser will then be discharged through the tube. 
If short, heavy-stranded leads are used to connect the 
condenser to the tube the holding arc may be extin¬ 
guished at this time by the condenser discharge, but 
this difldculty may be overcome by introducing a choke 
coil into the holding circuit and a small resistance in 
series with the condenser. FromarecentstudybyKrug, 
(of the arc striking speed of a mercury arc rectifler), 
{Arch. f. Techn. Pkysik 11, 1930, 6 p. 227, and E. u. M. 
48, June 8,1980, p. 667), it is known that only 0.01 to 
0.1 microsecond is required to start the arc. Thus the 
thyralaron acts virtually as a short circuit across the 
condenser. 

For the remainder of the half cycle following the 
condenser discharge the grid is positive and the main 
anode carries a current which is limited in value by the 
resistance R. The light from this current is not intense 
and is,ne^gible in comparison with the condenser 
flash. With the pool-type of thyratron this current is 
oscillatory under some conditions, giving faint ghosts 
trailing behind the main discharge. A negative bias 
and a peaked a-c. voltage on the grid eliminates these 
oscillations. 




■ ScHeftia^c diagram of thyratron circuitj 
i^tdge and current relations in various parts of 
the circuit are shown below 
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At the completion of the operating cycle the grid 
again becomes negative thereby extinguishing the anode 
current. The condenser then begins to accumulate a 
charge for the next flash. 

Stbobograms Taken 

With the thyrairon and other apparatus just de¬ 
scribed, a 160-hp. synchronous motor was photographed 
stroboscopically as it pulled into step. The tube wa.s 
hung on a framework so that its light would fall directly 
upon the field structure. White cardboard collars were 
tied around the poles and alternately marked “N” and 
“5.” The amortisseur rings were painted white and 
the protruding bars black. A general view of the 
arrangement in operation is shown in Fig. 2. 

Strobograms taken during the transfer from operation 
on half voltage, which was used for starting the motor, 
to full voltage, are shown in Fig. 3. These consist of a 
sequence of enlarged, 16-mm. moving picture frames and 
were taken on panchromatic film at 16 frames per sec- 
with a lens opening of f-1.9. 

The particular thyratron used for these tests had 
two anodes, each was connected to a circuit such as 
shown in Fig. 1 but the grids were supplied from a 
common transformer. No apparent, difference in the 



Fig. 2 . Thyratron arranged for taking strob¬ 
oscopic movies of a 160-hp. synchronous motor 


time of discharge was experienced, except when the 
tobewascold. 

A special camera which would record the rotor dis¬ 
placement angje for eadi ^de could ea^y be made. 
This camera would require no shutter and no 
framing movement. The film could im through 
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the camera at a constant speed and just fast enough 
so that the exposures would be spaced correctly. 

A simultaneous reading of time could also be taken 
with the angle on the strobograms by photographing a 
clock hand driven by a telechron clock motor running 



Fig, 3. ** Strobograms”^ o/ a synchronous motor 
as it n>as sivitched fiotn tUtlf to full voltage. 
Increased' angular, displacement may be noted as 
the supply switch was momentarily open during 
changeover (.i-T) 

at one revolution pj^. second. Thjs w<|^,i,i^o 
necessary for ^a^sUrate testiiig ahce th^e is no. dtefimte 
i^aiio^ of the camera shutter 

and tik oi thl jirteront^ light. 


D-C. Power 
for Industrial Plants 

Many large industrial plants depend¬ 
ing upon d-c. power for machinery and 
process operation can ill afford to con¬ 
tinue to overlook the economies of 
modern a-c.—d-c. conversion appa¬ 
ratus and decentralized d-c. supply. 

By R, D, Abbiss D. C. West 

Non-Member Member A. I. E. E. 

Carnegie Steel Company Westinghonse Elec. & Mfg, Co. 

Pittsburgh, Pa. Pittsburgh. Pa. 

I N THESE. DAYS of 200,000-kva. 
turbine-generators, 90,000-kva. trans¬ 
former banks, 220-kv. transmission 
iiTiftgj and the many other spectacular achievements in 
the electric power field, it is only natural that there hse 
been acquired the habit of picturing the electrical indus¬ 
try almost entirely in terms of alternating current. It 
is a common failing to overlook the fact that hundreds of 
thouKinds of less spectacular devices go quietly and un¬ 
obtrusively about the business of consuming at least 
one-quarter and probably one-third of the total pro¬ 
duction of electric energy in the form of direct current. 
Dominance of the polyphase a-c. system rests on the 
very solid foundation of fundamental economy and 
flexibility in generation, transmission, and distribution, 
together with the sturdy simplicity of the induction 
motor. However, direct current retains a prominent 
a.T>d apparently permanent place in the field of utiliza¬ 
tion because of its necessity in decferolytic work and 
because the flexibility of speed control inherent in the 
d-c. motor is of such great value in many applications. 
To realize tiiese advantages of both a-c. gen’eratioh and 
d-c. utilization it is necessary to pay the price of pro¬ 
viding and operating a system of power conversion and 
low-voltage d-c. distribution. Thus an intermediate 
system, an additional ov^head, is impeded by these 
diffmng methods of prbduction and consumptidn of 
electrical energy. 

Now in this, as in any case, the ultimate problem of 
the engineer is to reduce the over-all cost to a minimum 
consist«it with adequate and reliable savice. In many 
systems there is nek for service improvement as well 
as cost reduction. Experience has shown that in tire 
fidd of power converdon and d-c. distribution^ both 
results can be realized by essentially the same means and 
methods. Much time arid effort expended over a 

From ''Oonveralou and Dtotelbution of General-Porpoao D-O. Pover In 
Xitoge Industrial Plants,” presented at the A. I. fc S. B. B. session held 
Jointly with the A. I. B. B. Middle Bastem District meeting, Pittsburgh, 
I^.ManSil8,IWn< 
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Fii. 1 . Plan of Edgar Thomson works of the Carnegie Steel Company, Pittsburgh, showing d-c. power 

system 


period of years has brought the apparatus for such a 
system to a high state of development; however, it 
probably has not been fully appreciated that the 
economy and improved operation which this modem 
equipment make possible can be realized fully only 
through careful planning and proper coordination of the 
whole system. It is the purpose of this article to bring 
to the attention of the industry the benefits to be de¬ 
rived through modernization, to state the problem and 
out^e the procedure of systan study, to point out the 
major engineering and economic considerations in¬ 
volved, and to illustrate by describing the evolution and 
present arrangement of a typical large system. 

In the early days of the dectrification of industry 
drc. power was supplied to a large extent by low-speed 
engine-driven d-c. generators. Even today many of 
these elephantine machines are in regular operation, 
consuming a large -amount of energy in the form of 
losses, requirmg a large force of men for operation and 
maintenance, and taking up an excessive ainount of 
more or less valuable space. In such cases marked 
economy usually can be effected by changing over to 
'arC. power supply and modem, high-speed efficient 
conversion equipment. In certain cases where process 
steam otherwise would be wasted, high-speed turbine- 
driven d-c. generators can be used to advantage. 

The development of reliable'and efficient convmsion 
equipment was an important step forward, but for 
many years constant operating attendance was neces- 
saiy at each substation bemuse only manually-operated 
switching equipment was available. As a result of 
many lOTge industrial plants having grown up under the 
limi^tio^ imposed by engine-driven d-c. generating 
equipment- and manually-operated conversion equip¬ 
ment, it is not uncommon to find the total d-c. capacity 
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concentrated into one or two large stations, although a 
large part of the d-c. power must be used at remote 
parts of the plant. Such an arrangenient probably 
represented good economic practise at the time it was 
installed; however, a study will show usually that 
growth of the plant and the development of new ap¬ 
paratus have effected a marked change, and that the 
present-day result is a rather costly compromise be¬ 
tween high (hstribution loss, low voltage at the load, 
and an excessive amount of distribution copper. 

With the advent of completely automatic and unat¬ 
tended operation of conversion units it became eco¬ 
nomically feasible to distribute the d-c. substation 
capacity throughout the system. The average d-c. 
feeding distance thus is greatly reduced with a corre¬ 
sponding decrease in distribution cost. The saving can 
be taken in the form of less copper, reduced losses, or 
both. If improvement in voltage at the load is neces¬ 
sary the advantage gained can readily be turned to 
that purpose. It is of course necessary in any case to 
transmit approximately the same amount of power over 
about the same distance from the a-c^ source to the dis¬ 
tributed d-c. load. The fundamental economy lies in 
the fact that, with distributed conversion equipment, 
the bulk distribution of this power is over a relatively 
high-voltage three-phase circuit, say 6.6-kv., instead of 
over a 250-volt d-c. circuit. 

There are other advantages to bd derived from the 
use of'automatic equipment which, although more or 
less intangible, and diflficult of exact evaluation, are 
important and valuable. Autonaatic switching equip¬ 
ment provides a nicety of sequence and a fundamental 
correctness of all sMtching and control operations which 
cannot be expected under manual control. Experience 
in a wide variety of applications has demonstrated that 
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this results in a higher standard of service reliability, 
freedom from long and expensive outage, and greater 
flexibility of system opa^tion. 

The Edgar Thomson works of tixe Carnegie Steel 
Company provides a typical example of a completely 
automatized sj^stem of d-c. power supply which has 
evolved gradually from the early days of centralized 
engine-driven equipment. The original installation 
comprised three engine-driven d-c. generators totaling 
1,600 kw. and feeding out radially over a comparativdy 
restricted area. As the d-c. load increased vrith plant 
growth more units and more distribution copper were 
added until the total engine-driven d-c. capacity at the 
power house was increased to 6,900 kw. including a 
1,500-kw. gas-engine unit. With f\urther expansion the 
load demand became so heavy that some decentraliza¬ 
tion of drC. power supply was almost a necessity. Sub¬ 
sequent additions have been in the form of conversion 
imits located at various points throughout the plant as 
shown in Fig*. 1. The first three substations at first 
were manually operated because automatic switching 
equipment was not available at that time. They were 



Fig. 2. A new l,S00-kw. automatic motor-gener¬ 
ator set in the Edgar Thomson works 



Fig. 3. D-C control panel for motor-generator 
set of Fig. 2 


automatized subsequently to secure improved operation 
and still better economy. 

The pres^it arrangement was completed with the 
installation of three new 1,600-kw. automatic motor- 
generator units rimilar to that shown in Fig. 2. One 
each of th^ imits was placed at substations Nos. 4 and 
5 and the power house. At the same time a similar; 
manually-operated conversion unit in the power house 
was automatized. This permitted the retirement of 
all engme-driven d-c. equipment from active service, 
although the gas-engine unit and three steam-driven 
imits were retained in place as standby capacity. The 
result is a complete automatic system of d-c. power 
supply consisting of 11,000 kw. of distributed automatic 
conversion equipment, all interconnected through the 
main distribution system. 

The transfer of load from the centralized engine- 
driven units at the power house to conversion units near 
the load centers has greatly reduced the average d-c. 
feeding distance. The predicted saving in distribution 
losses has been realized in service. Furthermore, 
primary power now is generated in a relatively large and 
efildent turbine unit instead of in the smsiU-capadity 
low-speed reciprocating units. Fig. 4 presents a con¬ 
trast which illustrates the progress which has been made 
in the utilization of space and materials. One of the 
two 1,600-kw. motor-generator sets may be seen be¬ 
tween the gas en^ne unit of the same rating and the 



Fig. 4. A contrast in efficiency of space utiliza¬ 
tion between the old and the new 
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new 16,000-kva. turbine-generator. The picture^was 
taken from the upper deck of the 1,600-kw. verticfil 
cross-compound steam engine, giving sOme conception 
of its ph^cal aze. 

It should be pointed out that the arrangement of 
this system necessarily differs to a certain extent from 
that which might be proposed for a similar, but entirely 
new installation. For that reason it probably is of 
greater value as a practical ecample because the prob¬ 


lem ordinarily will arise in connection with the exten- 
aon or rehabilitation of an existing plant. In any case 
it is important to realize that joint consideration of load 
and production requirements, d-c. distribution, substa¬ 
tions, and a-c. power supply, is essential to a proper 
analysis and economical solution. It is only by such a 
study of the whole system of an industrial establishment 
that the major component parts can correctly be co¬ 
ordinated and proportioned. 


Some Factors 
Affecting Stability 

With the tremendous growth of 
power-transmission systems has come 
a corresponding increase in the seri¬ 
ousness of the stability problem. 
Regulation of generator excitation so 
that it will follow rapid changes in load 
constitutes a 3tuajor part in the solution 
of this involved problem. Data show 
that the characteristics of all synchro¬ 
nous apparatus connected to a system 
mu8t.be considered. 


As an example, reference is made to a report on the 
stability limits of the 220-kv., long distance transmis¬ 
sion system of the Southern California Edison Company. 
This report disclosed that: 

1. Adding a new plant and a second unit to the generating capacity at 
Big Greek would result in a hazard to the continuity of service because the 
stability limit of the system would then fall below the rated capacity of the 
combined power plants. 

2. When the total system load became approximately 400,000 kw. or 
more, the condenser capacity then installed would not be sufficient to per¬ 
mit the 376,000 kw. rated output of Big Creek to be transmitted, without 
calling on the steam plants for wattless energy. 

3. While the rated capacity of the Big Creek plant was 376,000 kw.^^ 
its maximum stability limit with one line In operation was only 294,000 kw. 
and with two lines in operation, 370,000 kw. 

14. The stability limit of that system could be improved by Increastag 
the transmission lines up to a certain number. Should that number of 
li^es be exceeded, however, the system stability would again be lowered. 

I Characteristics op Sif^CHRONous Machines 

i 


By W. 4 * Merriam* and H. R. Arnold* 

Senior Students in Electrical Engineering (1020) 

University of Colorado. Boulder 

P OWER limits of tiansmission sys¬ 
tems present a problem which 
dining the last few years has 
assumed a most important place in the electrical engi¬ 
neering fidd. When ^erators became larger, lines 
Ipnger> and S3mchroh.ous niotors came into gener^ use, 
it became apparent that some factor other than the 
temperature rise was beginning to limit the am o unt of 
powOT which could be handled. This factor has become 
known ^ the stability limit, and depends not only upon 
the desi^ of the transmission line itself but also upon 
ihe characteristics of its associated synduonous gener¬ 
ators and motors. 

In the generation, transmission, and utilization of 
large bloclte df power, the stability limit of a system is 

has reached its maximum safp operating value. 

. “Soiiie ractora th« Vowet liliiilts of a Tranamls^n 

Paper, ];n!|aMq.tod at a Joint meeting of the 
Uenw Seetioh aM tihe XftdVemiitr A. I. B. B., April 

Wqw A#boc. A. I. B;.E. 


; In general the characteristicss of synchronous mar 
chines are fairly well understood and do not need to be 
treated ha:e in any great detail. However, for the pur¬ 
pose of bringing out those characteristics whidi bear 
directly upon the question of stabflity, a few of the 

important features will be outlined. 

For a synchronous generator it may be said that: 

1. Tb© phase angle by which the terminal voltage lags the generated 
voltage varies with the magnitude and power factor of the load and also 
with the synchronous reaictance of the ma(^ine.: 

2., That part of. synchronous reactance whibh is due to stfmature reac¬ 
tion varies also with the magnitude and power factor of the load current; 
and with respect to the main field, may be either cro^magnetlzing, buck- 
ingj or boosting, depending upon whether the load current is in phase, 
lagging, or leading with respect to the generated voltage. 

3. In order to maintain a constant terminal voltage, the field current 

must be increased with lagging power-factor loads,, and decreased with 
leading power:factor leads, ' 

4. Decreasing the field current, causes the generator to operate on the 
lower, unstable part of its magnetizatiion curve, th^eby decreasing the 
power limit above whi^ it will drop out of synchronism. 

: From the .forgoing statements it is obvious that any 
16a<i on a generator which tends to raise the power 
factor Or cause a lead^g ciut^t to be drawn decreases 
the stability limit of the machine since it reduces the 
load at which a synchronous motor connect)^ to the 

very materially decreases the ^chronizhig power and 


Electric 0 l Engineering 




tMids to cause the generator to fall out of step with 
other generators during line disturbances. If the fiidd 
excitation of the generator could be quickly raised above 
normal during the time of a disturbance, the machine 
would be more stable and the liability of its loang 
synchronism would be greatly reduced. 

A aimila-r tabulation outlining those features of 
synchronous motors which bear directly upon stability 
limits is as follows: 


I is tde load current per phase, R is the line resistance 
per phase, and X, the inductive reactance per phase; 
y, and Vg are the voltages at the receiving and generat¬ 
ing ends of the line, respectively. It may be seen that 
the generator voltage Y® is equal to the voltage at the 
receiver, Vn plus the impedance drop through the line. 
The power-factor angle at the load is dr and the power- 
factor angle at the generator is 6^. 


1. Power factor depends upon both the field excitation and the load on 
the motor. 

2. If the excitation is decreased below normal, the induced voltage or 
counter e. m. f. is less than the applied voltage, and the motor will draw a 
lagging current. 

3. If the excitation is increased above normal, the Induced voltage la 

greater the applied voltage and the motor will draw a leading current. 

4. Increase in load increases the, angle between the applied voltage and 
the induced voltag . When these two are equal, the phase displacement at 
whl(fii brealcdown occurs is 60 deg. 

6. The breakdown or pull-out-angle, however, can be increased above 
60 deg. by incr the motor field current. Therefore, an overexcited 
synifiironous motor is more stable than an underexcited one. 

6. If the field current is kept constant, the maxi m u m torque that the 
motor can exert will vary directly with the applied voltage. 

7. If the field current is varied with the applied voltage, then the 
TTi^vtTniim torquo that the motor can exert will vary as the square of the 
applied voltage. 

8. Increasing the field current for any given load decreases the angular 
displacement between the Induced and applied voltages. Also, with 
small field currents, this displacement increases the load rapidly; with 
large field currents more slowly • 

The Transmission Line 

Since an ordinary transmission line possesses both 
retistance and inductance, it would appear to have 
characteristics similar to those of a synchronous ma¬ 
chine. The synchronous machine, however, has arma¬ 
ture reaction which the transmission line do^ not 
possess; and the transmission line has distributed 
capadty which the synchronous machine does not 
have. 

So far the discussion has shown that a load on the 
synchronous motor causes the rotor to lag behind the 
rotating magnetic field. This is the same as the load 
causing an angular displacement between the applied 
and induced voltages of the motor. We have seen also 
that a load on a synchronous generator caiises an an^- 
lar displacement between its total induced electromotive 
force and its terminal voltage. 

In the same manner, the load on a transmission line 
will produce an angular displacement between the 
generated and receiving voltages. Should the load he 
increased to the limiting value of this angle, instability 
will result just as in the synchronous motor, and the 
apparatus at the load end of the line will pull out of 
step with the s 3 mchronous machinery at the sending 
end. 

The vector diagramforashort transmisaon line carry¬ 
ing a la-gging power factor load is shown in Fig. 1. The 
capacity of the line has been neglected . In this diagrah, 



Fig. 1. Vector diagrams for a short transmission 
line {above) carrying a lagging power factor load: 
{below) a condenser load is added 


Another important thing to note in this diagram is 
the angle a between the generator voltage Y, and the 
voltage at the load Y,. It can he shown that when the 
tangent of a is equal to X/R, a is nearly equal to 90 
deg., and the line is then delivering its maximum power.. 
In other words, when a approaches 90 deg., the line 
becomes unstable. (In actual practise, the limiting 
angle is somewhat less than 90 deg.) 

Now suppose that a condenser is placed at the end of 
the line so as to raise the power factor; the vector 
diagram for this condition is shown also in Fig. 1: 

The resultant current is now leading the receiver 
voltage but lag^g the generated voltage Y,. The 
power factor at the generator has been raised, but at 
the same time the angle a has become larger than 
before, with the result that the limit of stability wUl he 
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Fig. 2. Vector diagram for a synchronous motor 
connected through a reactive line to a synchro¬ 
nous generator 


reached with a smallervalue of current. Inotherwords, 
the maxiinum power which the line can transmit has 
been reduced by adding the condenser load. Notice 
also that as the leading current in the line is increased, 
the receiver voltage may become larger than the genera¬ 
tor voltage. 

From the foregoing discussion and the diagrama in 
Pig. 1, it is. obvious that the power limit of a trans¬ 
mission line can be increased by (1) decreasing the lirta 
impedance, (2) using generators and transformers of 
low impedance, or (3) using generators equipped with 
quick-acting relays which will cause the generator 
excitation to vary with the load. 

Assume now that a synchronous generator and a 
^chrpnous motor are connected together through a 
transmission line having a certain amount of reactance; 
the vector diagrain for these conditions will appear 
as show in Mg. 2. Where, E„ is the total induced elec¬ 
tromotive force of the generator, Et is the terminal 
voltage of the alternator which is also the sending volt¬ 
age of the transmission line, is the receiver voltage 
of ttie transmission line which is also the tefminal 
voltage of the motor, and Em is the counter electro¬ 
motive force of the motor. 

\^eh the angle a approaches 90 deg., breakdown 
occurs; but this breakdown takes place at a lower value 
of toad and current them was the case with the motor 
connected daftly to the generator terminals. With 
toansfoimers. added to the Hne, still greater reactance 
wmato he introduced apto the circuit, and unda- these 
conddMons , approaches the stability limit 

more qiuckly wito les? toad. 


An oscillogram showing the voltage and current 
relations in a synchronous motor as instability occurred 
is shown in Mg. 3. The armature current of the motor 
may be seen to rise with toad and then become unstable 
as breakdown takes place and the rotor drops out of 
step. The motor terminal voltage also may be seen 
to drop abruptly as the pull-out occurs. The field 
current is interesting b|^use as the rotor stows down 
it has superimposed upon it an alternating voltage of 
increasing frequency. 

It is now quite clear that an imderstanding of the 
problem of system power , limits includes a detailed 
study of the characteristics of every piece of electrical 
apparatus involved, as well as the transmission line 
itself. 

Anotiier very important point to mention is the fact 
that raising the power factor may decrease the stability 
of the system, and that the power limit of a system may 
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Fig. 3. Voltage and current relations in a syn¬ 
chronous motor at time of breakdown 


actually be greater for tow power factor than for a 
higher power factor. Distributed capacity in the line 
may also lower the power limit, since it raises toe power 
factor at the generator, thus reducing the field current 
necessary to produce rated voltage, at the same time 
decreasing the stability of the ma^ne. This serves 
to emphasize again the important part vtoich generator 
excitation plays in stability limits. 

Stability Tests Made 

The effect of the generator and an inductive line upon 
the pull-out toad of a synchronous motor is shown in 
Mg, 4. Data for these carves were toe results of a test 
conducted as follows: 

First a 25-hp. synchronous motor was connected to a 
bus of high capacity; the puH-out toad and ahgular 
dtoplacement was then noted. This pull-out load was 
64 kw., and to® displacement at the motor was 

66 deg. j 

Then toe motor was connected to the terminals of a 
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16 kva. generator and again the pull-out load was 
noted. This second pull-out load was found to be 32 
kw., or one-half the fet value, the displacement angle 
b^ng only 39 deg. 

In the third test the motor was connected to the 
generator through a reactive line. This time the pull¬ 
out load was only 18 kw. and the displacement angle 
30 deg. 

It may be seen at once that the introduction of the 
generator into the circuit had a much greater effect in 
reducing the pull-out load of the motor than did the 
transmission line. It is for this reason that most of 



Fig. 4. Pull-out loads for a synchrotwus motor 
connected in various ivays 


the efforts to stabilize power systems are concentrated 
upon the genCTator . 

Means for Improving Stability 

Several means for uhproving the stability of power 
systems in order to raise the power limits have been 
propo^d or investigated. Some of these are enumer¬ 
ated as follows: 

1. Vary the excitation of generators with the load. 

2. Xioad the bus at the generating station with reactora to lower the 
power factor on the generators without lowering the power factor of the 
transm^on lines. This would jOso allow for liu^raased generator exidtdr 
tion, resulting In an Increas^ system power limit. 

8. Partially replace synchronous apparatus with Induction generators 
and motors. 


4. Xit{>igthen air-gap of generators to increase degree of magnetic 
saturation. 

6. Intermediate condenser stations may be placed at points along the 
line. 

There is no doubt that the most important factor 
lies in providing generator excitation to follow rapidly 
any change in load. A new method of increaang the 
field current as the load increases has been investigated 
at the electrical laboratories of the University of 
Colorado with marked success. When the apparatus 
wsis devised it was first thought that the idea was 
entirely new; it was soon learned however, that a 
similar idea was being developed by the General Elec¬ 
tric Company. 

The new device acts to greatly inorease the generator 
excitation as the load increases, regardless of what the 
voltage or power factor might be. A diagram of the 
apparatus is shown in Fig. 6. Here a generator is 
conn*>ctAd to a synchronous motor through a reactive 
line. In the line near the generator t€^nals are 
placed three current transformers with their secondary 
windings, Y-connected to the terminals of a small 
three-phase induction motor. When a load is thrown 
on the synchronous motor, the currents in the windings 
of the current transformers increase, thereby causing 
the rotor of the induction motor to produce torque in 
a counterclockwise direction. This lowers a contact 
into a water rheostat, decreaang its resistance and 
thereby ino-eating the field of. the generator which 
f>Tin.hlftg the system to remain in synchronism. The 
device is extremely simple, and its efficiency has been 
demonstrated many times under all kinds of circum¬ 
stances. A timilar device to regulate the slip of large 
induction motors already is in use. 


ALTERNATOR REACTIVE SYNCHRONOUS 

line motor 

LINE STATOR 



Several tests have been made by over-exdting a 
synchronous motor; then loading it to the breakdown 
point. As already pointed out, the breakdown point 
under this condition is low, with no regulator of this 
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kind in the circuit. With a leading power factof of 96 
per cent, the breakdown point was found to be 22 kw., 
and the angular displacement 21 deg. Then the ggmA 
test was repeated with the new excitation r^ulator. 
This caused the generator field current to be raised from 
2.5 to 8.6 amperes as the load increased, and the break- 
*down point was raised to 25.6 kw. at an angle of 24 deg. 

Another example might be interesting. By means of 
the over-excited synchronous motor the alternator was 
was loaded to capacity, whereupon an induction motor 
of the same rating as the alternator was thrown directly 
on the line; of course the system pulled out of step. 

was repeated with the excitation regulator in the 
circuit, with the result that the system remained in 
step and the S3mchronous motor continued to carry its 
load as though nothing had happened. 

Any sdieme of g^^ator field regulation which will, 
allow the excitation to follow rapidly any changes in 
the load as this system does should go a long way toward 
solving the stability problem. 

The system just described has the added advantage of 
remaining operative even under badly unbalanced load 
conditions. 

Bibliogbaphy 


This apparatus (see illustration) is a simple device 
for measuring empirically the free bending length of a 
s^ple strip of the flexible sheet that while in con¬ 
tinuous motion downward under pull of gravity, covcts 
a selected arc in a deflmte time. The following empiri¬ 
cal specifications have been selected as giving con¬ 
venient and rational values: 

1. Test strip. 6 cm. wide. 20 to 25 cm. long, and 0.016 in. thick. 

2. Horizontal position taken as 0 deg. 

3. Arc over which fall is free, +16 deg. to -16 deg. 

4. Arc over which time of fall is read, 0 deg. to —10 deg. 

5. Time of fall for free end, 10 sec. 
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Determining the 
Flexibility of Mica Sheets 

\^ITH the desire to make possible closer 
▼ r grading and duplication of flexible mica 
sheets, an apparatus called the ^^fleximeter'^ has been 
^vetoped for the New England Mica Company by 
W- R. Mansfield of that company, and Willis A. 
Boughton of the. Harvard College chemical laboratory 


Front view of **fleximeter** for mica testing 

A test strip is Inserted between the pieces A C (which are about 6 cm 
wide, front to back) Is held at the A end with the left hand, and stretched 
against the upper strip C B with the right; it is then released at the B end 
and allowed to fall free. The length which wfll thus faU from zero to the 
—10 deg. line in exactly 10 sec., is determined by trial. . 


This free length of the test strip which requires 
exactly 10 sec. to fall from zero to —10 deg., expressed 
in millimeters, is called the fleximeter number and 
represents the non-resilient flexibility of the sheet. 

Mter the first test on any particular specimen, the 
strip is turned over and the test repeated. The piece 
is then turned end for end and another pair of readings 
taken. ^ Thus four lengths are obtained, the average of 
which is taken as the fleximeter number. Data illus¬ 
trating the method and its application to several 
variety of plates are shown in the accompanying 
tabulation. 


BLBXIMBTBB NUMBERS OB’ BOUR FLEXIBLE MICA SHEETS 


Sheet No. 

1 

Mm. lengths giving lOnsec. fall 
2 3 

4 

Avg. length or 
fleximeter No. 

9. 

... 68. 


-69. 

. 64. 


11. 

.. 67. 


.... 66. 

.66. 

.66 

12. 

.. 77. 


...96. 

. 86. 

.86 

16. 

..114. 


.,..118. 

.120., 

.120 


I^lflwences In flexibiUty such as are indicated between sheets Nos. 9 and 
11 could not be dlsttugulshed by ordinary inspection and handling; sheet 

No. 12 was apparently only slightly stiflfer than these two, while sheet N . 16 

would ordinarily be considered only a grade or two less flexible the 
others. 
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A High-Speed 
Submarine Gable 

Higher transmitting speeds than had 
been attained previously were made 
possible in 1928 by the installation of 
the high-speed loaded cable between 
Newfoundland and the Azores. Some 
of the design features and problems in¬ 
volved in duplex operation are described. 

By J. W. Milnor and G. A, Randall 

Fellow A. I. E. E. Non-Member 

Western Union Telegrapb Oo. 

New York 

A SUBMARINE telegraph cable of 
a new type was laid in September 
1928, connecting the Western Union 
Telegraph Company’s cable station at Bay Roberts, 
Newfoundland, and Horta, Azores (See illustrations)- 
This cable combines the facilities for duplex, or two- 
way operation inherent in non-loaded cable, with the 
high-speed characteristics of the new, loaded t3npe> 
Tests on this cable have shown that a duplex speed of 
at least 1,400 letters per min. (42 cycles per sec.) 
^ultaneously in each direction is now practicable. 


various companies. These cables have several times 
the operating speed of non-loaded cables, but their 
electrical charactaistics are such that they are much 
more difficult to duplex, and, therefore, have been 
opraated simplex only. There are many situations, 
however, where duplex operation is decidedly advan-. 
tageous, consequently it was inevitable that attempts 
should be made to develop a type of cable capable of 
high-speed duplex operation. 

General Theory op Duplex Cables 

In order to duplex a cable, it is necessary to provide 
at each terminal station a so-called “artificial line,” 
the impedance of wMeh must closely match or “balance” 
that of the cable throughout a range of frequencies from 
about half the fundamental signaling frequency up to 
about 1.6 times that frequency. 

A loaded cable is more difficult to balance for three 
reasons: (1) There are larger irregularities in the 
impedance measured at different points; (2) the effect 
of such irregularities upon balance is more pronoimced 
in a loaded cable; and (3) the inductance and effective 
resistance of loaded cable undergoes continuous, small 
variations in accordance with the changing magnitude 
of the signaling current. 

Each of these difficulties may be reduced in im¬ 
portance by loading only the central portion, and suit¬ 
ably designing each section. For the non-loaded 
portion the duplex balance may have about the same 



If operated dmplex,— i. e., in one direction only,—^the 
^e^ is over 2,500 letters per min. It therefore pro¬ 
vides tile greatest message-carrying capacity of any 
existing transocean cable. 

The first long continuoudy-loaded submarine tele¬ 
graph cable was laid in 1924; since then, eight other 
loaded cables of siinilar construction have been Imd by 

*'The Newfoundlaiid-Azords Hlgbi-Speed Duplex Cable,’' (N « 
31-12) presented at the A. I. E. E. winter convention. New York, Jan. 
26-30,1981. 


high accuracy as has been customary in the past in 
non-loaded cables. In the part of the artificial line 
corresponding to the loaded portion, a duplex balance 
of a much lower degree of accuracy is sufficient. 

Some of the various factors affecting accuracy and 
stabilityof balance, are: (1) The attenuation from end 
to end of tiie cable as measured at working frequencies; 
(2) the attenuation from end to end of the loaded 
portion of the cable; (3) the “current coeffident of in¬ 
ductance,” L e., the fractional rate at which the indue- 
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Fig. 2. Profile of ocean bottom route of the 1928 
cable 


different sections of the cable by controlled variations 
in the annealing process. The average values of induc¬ 
tance are given in Fig. 3. 

In order to reduce extraneous voltages picked up in 
shallow water it is customary to carry a second and 
sometimes a third core in the sections near the ends. 
At Bay Roberts the receiving sea earth is 50.1 nautical 
miles long and is grounded to the cable sheath through 
a resistance of 160 ohms. At Horta, Azores, the corre¬ 
sponding length is 2.39 miles and is grounded directly 
to the sheath. 
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Fig. 3. Inductance of different sections of cable 


tance of loaded cable vari^ with current; and (4) 
tapered loading. 

Desceiphon op 1928 Cabuej 

The total length of the cable is 1,341.2 nautical miles. 
Each non-loaded end portion is 160 miles in length; 
the heavily-loaded central section is 881 miles in length, 
while intmnediate between these two ts^pes there are 
sections of lightly-loaded cable, each 70 miles in 
length. Ihartha* details of the design and electrical 
characteristics of each section are given in Table 1. 

TABin I—OHABAOTBBISTIOS OB CABLE OOBE FOB 
niFFBBENT SECTIONS 
Factory values per nautical mile, at 76 deg. falir. 


SectLons 


Cable Tests 

Various tests were made on the cable both during 
manufacture and also after it was laid. The total d-c. 
resistance is 4,521 ohms; the total capacity 463 juf. 



Fig. 4. Attenuation of laid cable 


The results of some of the attenuationi tests with square- 
topped transmitting waves are shown in Fig. 4. 

The time of propagation of signals over the cable is 
0.235 sec. at 60 cydes. It has been estimated that 
during the proc^ of laying, the mechanical strains 
placed upon the cable caused an average of about 13 
per cent loss in the inductance. 


Ends Intermediate Center 


Wei^t of copper—lb. .608 . 329 .... .284 

Weijs^t of loading—lb. non-loaded .. 61 .... 60 

Weight of gutta percha—lb... .303 _.276 ,!!! !258 

D-Curestatance—ohms,. 2;34 . 3.60 ..... 4.18 

Capacitajice—/if.... 0.367..... 0.344..... 0.342 


throughout the central and intenoaediate 
portions is Mumetal wire suppK^ by the Telegraph 
Copstmctioq and ; Ltd., of 

Ixihdon.^;'Hus '>m;Mi@ial is, siinilw to penualloy. A 
perm^bility range-from 2,000 to 6,800 was obtained in 


Artipioial-Line Equipment 

An essential part of this cable project has been the 
loovision at each cable station of an adequate artifidal 
line for completing the Wheatstone bridge arrangement 
which is necessj^ for duplex operation. The present 
equipment is somew^hat more complicated than in the 
case of the usual artifidal line for low-spe^ cables. 
In addition to resistance and capadty dementSi the 
present equipment indudes means for simulating the 
inductance of both loaded and non-lpaded portions, 
thp eddy-current losses in the loading, s^-retum losses^ 
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and dielectric losses. A compensating arrangement is 
inixoduced to prevent “filter osdllations” between the 
condenser and inductance units. 

As in the case of the cable itself, the change of induc¬ 
tance with current in the coils of the artifidal line was 
given consideration and was hdd to a rdatively small 
amount. It was also necessary to exercise unusual 
precautions to guard against the effects of temperature 
changes and of pick-up of extraneous disturbances by 
the coils. 

It has been estimated that for transmission of tde- 
graph characters, the impedance of the artificial line 
matches that of the cable to an accuracy of roughly 
one part in 4,000, and for sine waves in the range be¬ 
tween 35 and 55 cycles, better than one part in 7,000. 

Merits op Simplex and Duplex Cables 

In determining the kiad of cable facilities best suited 
for hfl-ndling telegraph traffic between two given areas, 
there are many factors which must be considered; 
among these are the length of the circuit, the desired 
message capacity, the relative amounts of urgent and 
deferred traffic, the difference between the loads in each 
direction, the difference in time between the terminal 
areas, the nature of existing cable facilities, and the 
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Metal-Clad Synchronous 
Motors Latest Thing for 
Nitrate Plants 

W ORKING in an atmosphere of fine 
nitrate dust, the 250-hp. Westinghouse 
ssmchronous motor shown imder construction in the 
accompanying illustration, obviates the usual danger of 
nitric-add damage to its windings. Bruit to fit thdr 
job, the vulnerable parts of these motors are metal-dad 
and in addition are supplied with a slight static pressure 
inside to prevent the harmful dust from leaking in. 
Inclined fins on the metal endosure not only throw off 
heat, but guide along the most efficient route the cool¬ 
ing air supplied by the fan on the rotor. Without these 
odd-looking fins the operating temperature of the motor 
would be much higher. These motors are designed to 
operate on 550-volt, 60-cycle circuits and have a S 3 m- 
chronous speed of 450 r. p. m. 

Although built to meet many requirements which do 
not handicap the usual open synchronous motor, these 
motors are only about one-fifth larger than the ordinary 
type. Besides being protected from nitrate dust, they 
produce 120 per cent starting torque and 100 per cent 
pull-in torque—about twice the usual values. Rated 
at 90 per cent leading power factor these motors will 
carry full mechanical load while also furnishing power- 
factor correction. And although they work a mile 
above sea levd in rarefied atmosphere, the temperature 
rise is but slightly more than usual, being rated at 56 
deg. cent, for El. 6,000 ft. 


Fig. 5. Cable-code signals as received at Bay 
Roberts showing in the upper record simplex 
westward transmission, and in the lower record 
duplex eastward and westward transmission 

handling of traffic in case of failure of one or more 
cables. 

Where the load is sufficient to justify only a single 
cable, and the difference in time between the tmminals 
is not excesfflve, the duplex type usually offers the most 
convenient solution. If the terminals are so located 
that there is a considerable time difference, the simplex 
cable has the advantage. Where the amount of traffic 
is enough to justify two or more cables> there are vari¬ 
ous possible solutions; in some cases it is probable 
that a combination of simplex and duplex cables is the 
best solution. It also appears probable that neither the 
timplex nor the duplex cable has as yet reached its limit 
of economical development; hence, it is'hardly prac¬ 
ticable at this time to give a final answer to thtoe 
questions. 



One of the 2S0-hp. synchronous nitrate-crusher 
motors built for the Anglo Chilean Corporation. 
Note the metal enclosures protecting the wind¬ 
ings; cooling fins serve also as guide vanes for 
circulating air 


May 1931 


339 






N oise is a comprdienave term which includes 
almost all soimds except music and speech, 
and covers the entire audible range both in loud¬ 
ness and frequency. Noises set up by electrical 
machinery are caused chiefly by vibration of the 
nachines as a whole or in parts, and are xisually 
recurrent and approximately steady as contrasted 
with the random character of ordinary street 
noises. The resultant noise perceived by the 
ear, however, is in the main a mixture of two 
components, one emanating directly from the 
machines and the other radiated from the floor 
and walls of surrounding enclosures. 

In order to control noise a thorough under¬ 
standing not only of the causes but also of the 
mode of transmission of noise is necessary. It is 
in this aspect of the problem that accurate 
measurements are especially helpful and with 
instruments now available information may be 
obtained which will serve as a basis for changes in 
machine design. There is a tendency, however, 
to reduce the size and weight of machines due 
to the improved electrical and magnetic materials 
now available. This complicates still further the 
already difficult problm of designing quiet ma¬ 
chinery, since the lighter structures are more sus¬ 
ceptible to vibration. 


Difficulties in 
Measuring Machine Noise 

By 

B. F. Bailey University of MicMgan 
Fellow A. I. B. B. Arbor. Mich. 


W HEN a new and useful machine is first intro¬ 
duced, nobody thinks much about possible 
refinements. Thus when electric motors were first 
i^d, reliability was the. essential quality. Soon after¬ 
ward price became of importance; still later, efficiency 
was considered. At the present time attention is 
being turned to noise and the point has now been 
reached where the need of adequate means for noise 
measurement is felt. At present the intensity of a noise 
is stated a.bout as accurately as the Irishman’s reply 
that a certain object was “about as large as a lump of 
cbal." . 

Two distinct types of measuring devices are needed: 
One, if posdble, to give an indication of the intensity 
of a sound with a dn^e reading in the same manner in 
which an ammetdr &ves at once the current in a circuit; 
the ptiier, to make possible the analysis of a sound into 

r'H)m**Me>aoramMit of Wolw'ln-BtectawJ MaoMiwry," (No. 31-68}. 
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Noise- 

With America becoming “noise con-., 
scions,” electrical engineers are finding it 
necessary to devote increasing attention 
to the reduction of noises caused by 
electrical machinery. Progress in this di¬ 
rection, both in specially designed instru¬ 
ments and in mitigative measures adopted, 
is indicated in the accompanying articles. 


its componmit parts in much the same manner that the 
components of a current can be anal 3 rzed by means of 
tihe oscillograph. The first type will be useful to the 
manufacturers and users of machinery in determining 
quickly and easily whether a machine comes within 
certain prescribed limits of quietness. The second type 
will be useful to the machine designer by enabling him 
to determine and eliminate the sources of noise. 

Deppioulties op the Peoblbm 

When an attempt is made to devdop an instrument 
which will give an objective indication of the degree of 
noise from a given source, serious difficulties are en¬ 
countered. Unfortunately the effect upon the human 
ear is not directly proportional to the physical intensity 
of the sound. A sound of very hi^ pitch, for example, 
cannot be heard at all; and the same is hue of sounds of 
very low pitch. Moreover the range over which the 
ear can hear varies with different persons and at dif¬ 
ferent times. The problem is further complicated by 
the fact that what is really desired is to find out how 
disagreeable a certain noise is regardless of its intensity. 

Another difficulty arises from the fact that in an 
ordinary room not only is the sound itself heard but 
also many reflections of that sound. A sound indoors 
at a certain distance may easily produce ten times the 
effect of the same sound at the same distance in open 
air. Moreover in any ordinary room the sound will be 
focused at certain points and consequently will be 
much louder there than at other parts of the room, and 
sometimes even louder than at the object cutting tihe 
sound. One obvious remedy is to make all tests in 
sound-proof rooms. But while this is possible in the 
laboratory, serious difficulties would be encountered in 
applying the method to routine production. A method 
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used with some success is to provide a very large ro¬ 
tating vane to break up reflections and prevent them 
from concentrating at any one point. 

As previously indicated there is need also for some 
means by which sound can be analyzed into its various 
components and the intensity of each of these deter¬ 
mined. One method now in use consists in using a 
miCTophone to pick up the sounds which in turn are 
amplified by vacuum tubes and then passed through a 
variable filter. Since only one component passes 
through the filter at a time, it can thus be measured by 
a galvanometer or similar indicating device, a method, 
which while obviously slow, gives complete information 
in regard to the sound produced and is unquestionably 
of great value to the designer. 


Organizations Interested 


T he articles on these and the following twelve 
pages comprise abstracts of a noise abate¬ 
ment symposium presented at the A. I. E. E. 
Rochester, (N. Y.) District meeting. These con- 
ast of (1) a general review of the difficulties in¬ 
volved in obtaining suitable noise measurements, 
by B. F. Bailey, University of Michigan; (2) a 
description of a new sound meter which simulates 
the response of the human ear, by T. G. Castner, 
Bell Tel^hone Laboratories, E. Dietze and R. S. 
Tucker, American Telephone and Telegraph 
Company, and G. T. Stanton, Electrical Research 
Products Inc.; (3) a r4sum4 of the measurement of 
machinery noise featuring a new audio noise 
meter, by H. B. Marvin, General Electric Com¬ 
pany; (4) a study of the noises in induction 
regulators, by J. P. Foltz and W. F. Shirk, West- 
ing hnnsft Electiic & Manufacturing Company; 
(5) a discussion of magnetic noises in synchronous 
machines, by Quentin Graham, Sterling Beckwith, 
and Frank H. Milliken, Westinghouse Electric 
& Manufacturing Company; (6) some interest¬ 
ing results obtained with elastic supports, by 
E. H. Hull, and W. C. Stewart, General Electric 
Company; (7) an outline of present means of 
reducing substation noises, by E. A. Bishop, 
Commonwealth Edison Company. 


machinery; then, when such a device has been found, 
to formulate standards of allowable noise for this 
machinery. Some of the difficulties in the first part 
of this problem have already been indicated. Con¬ 
sidering even the enormous variation in horsepower, 
speed, frequency, and nxunber of phases, of electric 
motors alone, it wiU be apparent that the difficulties of 
the second part of the assignment are no less than those 
of the first part. 


Several manufacturers of various types of machinery 
have become greatly interested in methods for measur¬ 
ing accurately and quickly the noises produced by their 
products. In the past five years approximately 
$260,000 has been spent upon sudi projects at the 
Univertity of Michigan alone; methods have been 
devised for measuring the noise produced in ball and 
roller bearings, gears, electric carpet sweepers, and other 
devices; instruments have been constructed and are now 
bring used in routine production in sevCTal factories. 

Certain national societies, among them the National 
Electrical Manufacturers Assodation and the American 
Sodely of Mechanical Engineers, have become in¬ 
terested in tbe probl^ and have appointed conunittees 
to consider tiie subject. The concunittee of the foimer 
(Hganization was instructed first to find or devise a 
method of measuring the noise produced by riectrical 


Conclusions ' 

It is'evident that the American people as well as the 
manufacturers of electrical machinery are beconmg 
“noise conscious.’' Great progress has been made with¬ 
in the past few years in devising means for measuring 
noise as well as improving machinery so that it will be 
less noisy. Although the difficulties of the problem are 
great, there is reason to hope that in the near future 
some device will be perfriited to give an immediate in¬ 
dication of the effect of any given noise upon the hun^ 
ear. After all, what is desired is to eliminate noise. 
But with such an instrument available progress v^l 
be much more rapid for a definite measure of noise 
will then have been adhieved in place of the present 
imperfect estimate based entirely upon personal 
judgment. 
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A New Meter 

for Noise Analysis 

By 

r. Gt CoStnCf Bell Telephone Labors* 
Non-member tories, Inc., New York 


Prindpal charact«istics of hearing taken into account 
in the design of the meter are those relating the sensa¬ 
tion of loudness to the physical properties of a sound, 
such as intensity (sound power passing through unit 
area), frequency, dmation, and complexity of wave 
shape. This subject is not discussed here as a great 
deal has already been published regarding it. 


E. Dietze Amedcan Telephone Sc Tele- 

Non-member graph Company, New York 


Description op Sound Meter 


G. T. Stanton Electrical Research Pro- 
Assoda1ieA.I.E. E. ducts, Inc., New York 


Usefulness of a device for general noise measurements^ 
depends largely upon portability, as in most cases the 


JR. iS. Tttckef American Telephone Sc Tole- 

Asaodate A. I. B. B. graph Company, New York 

A SOUND METER has recently been developed in 
tile Bell System, which measures acoustic noises 
and sounds in general. The aim has been to have its 
indications accord with present information on tiie 
response of the ear as far as practicable in a simple 
portable device. The response of the meter to sound 
impulses, in general an important part of noise, has 
been carefully consideired. There is also under develop¬ 
ment an attachmoit to analyze sound both on a single- 
frequOTcy and band-frequency basis. 

The meter consists of a sound-pick-up device to 
convert acoustic into electrical enwgy, a multi-etage 
vacuum-tube amplifier, a calibrated gain contix)! to 
measure sound levels over a range of 90 db. (correspond¬ 
ing to a range of 1,000,000,000:1 in input powers), an 
electrical network to weight different frequencies in a 
manner similar to that in which they are weighted by 
the ear, a rectifier and visual indicating meter which 
responds in a manner similar to the ear, and means for 
over-all acoustic calibration. 

Calibration is in terms of physical units rather than 
in some other terms which might depend upon the 
“personal equation.” The sound meter is calibrated 
in terms of a 1,000-qycle pressure of 0.001 dyne per sq. 
cm. in a progressive wave which pressure is called 
the “reference sound level.” Sound levels measured 
are expressed in ddcibels above this reference point. 
For a 1,000-cyele tone, this reference level is somewhat 
above the minimum threshold of audibility of the average 
observer. 

Noise and Hearing 

In tiie design of a metOT of this type, certain physical 
charactwistics of noise and hearing must be. considered 
in order, tiiat its indications will be correlatable with 
nc^ effects. These effects are kno^ to vary with 
time in many different ways but the important part 
pl&y^ by thesharply peaked wave forms of some noises 
gmwaEy is not fully realized. 

Bran 'Meter, Azudyels of Noise,"' 

(N<>.M-M) ^fesemted et Ube NortSi EasterO' Dlstdot meetiog of the . 
A. I. K. B., BoOhester, N,T., Aprlfafr-Mfky 9.1881, 
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Fig. 1. Layout of noise meter showing arrange¬ 
ment of component parts and calibrating 
apparatus 


meter must be taken to the location of the noise. For 
this reason, therefore, the sound meter has been made 
small and light. Fig. 1 shows a schematic layout 
diagram while in Fig. 2 is shown an experimental model 
of the meter. Batteries are contained in a separate box 
but both units together can be carried easily by one 
man. 

The meter is capable of measuring noise magnitudes 
from about 10 to 100 db. above reference sound level, 
and covers a frequency range from about 50 to 10,000 
cydes per sec. It is direct reading in db. above refer¬ 
ence sound level, and weights noise components at 
different frequencies approximately according to the 40 
db. curve of Fig. 8. An adjustable frequency-weighting 
is not thought necessary since it would not appreciably 
change the results of more than a anall proportion of 
the measurements. 

A full indication on the meter is obtained in about 0.2 
second. The fact that a 0.2-sec. response approximately 
simulates that of the ear can be demonstrated by watch¬ 
ing the movements of the needle of a meter having this 
response and at the same time listening to the variation 
of the noise. In such a test the visual and aural im¬ 
pressions are, approximately synchronized. Measure¬ 
ments of certain noise impulses taken mth this meter 
and with a meter requiring about 5 sec. to reach full 
indication gave differences in tiie readings bn the same 
impulses amounting to about 15 to 30 db. 

The output circuit of the sound meter follows ap¬ 
proximately a “square law;” that is, the meter reading, 
is about the same for a duuspidal volla^ as for a steady 
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complex voltage of the same r. m. s. value. Thus the 
reading is a function merely of the average impressed 
power and not of wave shape. The reading should 
preferably not depend upon phase relations, which are 
affected by phase shift in the meter. 

The meter has been designed so that its readings with 
negligible error for common noises are proportion^ to 
the input level over the whole 90 db. range provided. 
It is practically completely shielded against electro¬ 
static fields. The shielding provided against stray 
'electromagnetic fields is bdieved to be sufficient for 
practical purposes. 

Calibration 

Primary absolute calibration of the sound meter was 
made by placing the sound pick-up in a 1,000-cycle free 
progressive wave at a point at which the pressure was 
determined from Rayleigh disk measurements. 

Great care has been taken to make the meter electri¬ 
cally stable. In addition, in order to verify in the field 



Fig. 2. An experimental model of sound meter 
with pick-up device at the left 


that the meter, is reading correctly, a means for making 
an over-all acoustic calibration has been provided. 
The apparatus for this secondary calibration consists of 
a stable telephone receiver, a 2,000-cycle oscillator, and 
a means for coupling the receiver to the soimd pick-up. 
This calibration may be made in a few seconds. 

An attachment to the sound meter is now under 
development, by means of which either a quantitative 
frequency analysis of a sound or a measurement of the 
amount of sound energy in various frequency bands can 
be made easily and quickly. 

Uses of Sounb Mbtbe 

The sound meter is applicable to a great many 
acoustic problems. It is necessary, however, to t^e 
care that sounds other than those undea* inyestigatipn 
do not affect the measurements, and to account of 
the test conditions in the inteipretation of the results, 
i. e., the acoustic properties of the siaroundings, the 


location of the pick-up with respect to the noise sources, 
and other influencing factors. 

This meter can be used to make noise surveys; to aid 
in ascertaining desired levds of noise in various cases, 
and determine when these levels have been met; to 
measure machine noises; to measure noise in readential 
neighborhoods where power substations may be in¬ 
stalled; and to measure sounds other than noise (in 
recording and broadcasting work, for example, to de¬ 
termine optimum levels and sound distributions). 

With the analyzer more detailed information will be 
obtainable than is furnished by over-all sound measme- 
ments alone. This device will aid in determining 
whether an undesired sound will be covered up by the 
general noise, or whether a signal will be audible through 
this noise. Determination of the frequencies of noise 
components permits selection of the sound-absorbing 
material most effective in reducing noise. Determina¬ 
tion of the noise components of a machine may yield 
data as to the contribution of each individual noi^ 
source in the machine; such data can then be applied in 



Fig. 3. Frequency weighting curves for equal 
loudness 


the rederign of machines to reduce noise. The control 
of uniformity of manufactured products by means of 
acoustic measurement also offers a potential field of 
application for the sound meter. 

By means of a suitable electrical input the sound 
meter may even be used in certain cases to measure 
dectrical levels or to analyze electrical quantities; but 
it is believed that tins new meter will prove of great^ 
value in tiie study of noise and sound problems which 
are almost daily increasing in variety and complexity. 
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Magnetic Noise in 

Synchronous Machines 

By 

Quentin Graham Westinghouse Elec. & Milg. 

Associate A. I. E. E, Oo., East Pittsburgh, Pa. 

Sterling Beckwith Westinghouse Elec. Sc Mfg. 

Non-member Oo., East Pittsburgh, Pa. 

Frank H.MilUken Westinghouse Elec. & Mfg. 

Non-member Oo,, East Pittsburgh, Pa. 

M agnetic noise in synchronous machines, 
particularly those of the low-^eed class, has 
berai a source of annoyance to botJi designers and op¬ 
erators, but literature on the geaeral subject of noise is 
notably free from any discussion of the specific causes 
of noise in this type of machine. In this article an 
attempt is made to point out some of tiie causes of this 
noise and to show the extent to which they may be 
controlled by the designer. 

When the noise problem in synchronous 
was first investigated several years ago there was a 
great deal of speculation concerning the particular part 
of the machine that produced the principal vibration. 
Suspicion pointed to the stator teeth, the overhanging 
tips of the poles, and ttie poles as a whole. It finally 
became evident, however, that one of the prindpal 
sources of noise was the vibration of the stator as a unit. 

The most frequent cases of stator vibration arise 
from flux distributions which, because of unequal mag¬ 
netic pull on all axes, make the stator to assume an 
elliptical shape. This condition requires, in effect, a 
two-pole flux distribution superposed on the normal 
distribution. It will be shown later that there are 
several ways in which such a flux distribution may be set 
up. It is also possible to have a four-pole (or more) 
distribution which wiU tend to distort the stator at four 
(or more) points. Since the stator* structure is much 
more rigid with resp^t to these forces than to tire two- 
pole force, they are not such frequent sources of trouble. 

^ Botor vibration takes more forms than stator vibra¬ 
tion. One possibility is for the rotor rim between arms 
of tile spider to move in and out, either in phase or 180 
deg. out of phase, with the s^;ment between the suc¬ 
ceeding spider arms. Another possibility is for the 
poles to vibrate circumferentially. A third mode of 
vibration occurs when parts of the spider rim vibrate 
ariafiy. This last type of motion resembles that oc¬ 
curring in gears. 

Under certain conditions it is possible to have mag¬ 
netic forces tending to pull the rotor out of center. This 
requires a distribution of force having only one wave- 
lengtih in tiie drcumference of the ma cbiu ft. It might 

Trom "Magnetic Noise in Synchronous Maesbihes,’’ (No. 31-78) pre¬ 
sented at the North Bastem District meeting of the Bocheeter. 

T., April ^May 2,1881, 
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be called by analogy a one-pole distribution and is 
similar to what occurs when the air-gap is unequal. 
Such forces are found in induction motors^ (for num¬ 
bered references see bibliography) but would 0 (jcur in 
s3mchronous machines only if odd numbers of slots 
were used. Since the number of slots in synchronous 
machines is almost invariably an even numb^, espe- 
dally in large machines, this type of vibration rarely 
occurs and will not be discussed here in detail. 



Fig. 1. Pole-frequency vibration around the 
.circumference of the stator. The motor in the 
ctmter is correctly oriented with respect to the 
measurements 

Two important classes of noise or vibration with 
reference to frequency have been noted; namely, (1) 
tooth frequency noise, usually occurring at no-load and 
independent of armature current, but sometimes pro¬ 
portional to or increasing with it; (2) pole-frequency 
noise or noise of twice the line frequency which depends 
upon the armature current and is thus much lower in 
tone than the other type of noise. 

It is realized that noises of other frequencies may 
east but as they are relatively unimportant they will 
not be consida'ed here. 

Tooth-Frequency Forces 

In order to explain the cause of tooth-frequency 
noise, it is convenient to consider the change in flux of 
a single pole as it moves over one stator tooth pitch. 
Clearly there is some point where the fluxisat mayimiTin 
and some point where it is at minimum; thus the fitoc in 
^h pole rises and falls slightly each time a tooth pitch 
is travCTsed, and the magnetic puU between that pole 
and the stator goes through a corresponding cyde. 
Assume for example that a machine has 14 poles and 
SVt stator slots per pole; it is evident that if Pole No. 1. 
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has maximiiin flux at a given instant, Pole No. 2, Vt 
tooth pitch from the same relative slot position will 
have slightly less flux. Each succeeding pole will have 
a little less flux until the minimum is reached, after 
which there will be a gradual increase. Thus there will 
be two areas diametrically opposite having high flux 
density and two areas on an axis at 90 deg. to these, 
having low density. The result is a higher magnetic 
pull along one axis and a tendency to ^ve the stator an 
elliptical shape. 

It now remains to see what happens to the magnetic 
pull or stator distortion as the field member rotates; 
uang the given example, it may be seen readily that 
when the rotor has moved Vi tooth pitch, the point of 
maximum density has shifted from Pole No. 1 to Pole 
No. 2. When a tooth pitch has been traversed, the 
point of high density has moved seven pole pitches as 
measured on the rotor. With reference to the stator, 
the distorting force has moved seven pole pitches plus 
one tooth pitch. Thus it may be seen t^t a given 
point on the stator goes through a complete cycle from 
TmaTfiTTn iTn pull, through minimum pull, and back to 
TwaviTm iTin, while the rotor moves slightly less than one 
tooth pitch. 

In order to have a gradual distribution of denaty or 
pull over a group of adjacent poles, certain fractional 
numbers of slots must be used. With certain other 
fractional numbers it is shown that the poles having 
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Fig. 2. Resonance curves for pote-frequency 
stator vibration before and after bracing the 
motor frame 

high density at a given instant are so alternated with 
poles of low density that the frame deformation is of a 
different form. The curves of magnetic pull plotted 
against pole position in these cases have two or more 
maximum points but due to the greater rigidity of the 
frame, a pull of short wavelength is usually unimpor¬ 
tant. There may be a small component of pull which 
has a two-pole distribution, but its magnitude is so 


muclPless than in the previous case that there is seldom 
any trouble from noise. 

Polb-Pbequency Forces 

It been previously noted* that the armature 
m. m. f. waves of machines having fractional slot wind¬ 
ings contain components of low-harmonic order. With 
certain slot arrangements there may be a component 
wave of m. m. f. and flux having a two-pole distribution 
superposed on the main distribution of flux, which will 
cause elliptical distortion of the stator just as in the case 
described under no-load noise. In this case the two-pole 
field travds at the sjmchronous speed of a two-pole 
rotor. Similarly, a sub-harmonic having a four-pole 
(or more) distribution may distort the frame at four 
(or more) points and cause vibration. In all cases the 
frequency will be twice that of the supply circuit rince 
the rate at which poles of the superposed distribution 
pass a given point on the stator is the same regardless 
of the number of poles. 

While it is convenient to start from the assumption of 
a single two-pole component of armature m. m. f. in 
desmbing the effect of a two-pole pull, this simple type 
does not complete the story. When any two compoi- 
nents of flux exist, differing in harmonic order by two, 
there will be a resulting modulated wave which gives 
the same effect as a simple two-pole distribution.* 
When the order of magnitudes is examined it is found 
that these modulated waves are really the important 
ones since in some cases the several components may 
combine in such a way as to partly cancel one another, 
while in other cases they add to form a higher total. 

The elimination of any one unwanted harmonic can 
be accomplished by changing the coil grouping® in two 
relatively simple ways: (1) by cutting out coils the 
electrical position of which coincides with the vector 
position of the harmonic to be diminated; or (2) by 
ahiftiTig coils from one phase group to the next adjacent 
group in such a way that the troublesome harmonic is 
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Fig. 3. Resonance for pole-frequency stator 
vibration showing dip in curv due to an end bell 
on motor frame 
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decreased without appreciably reducing the tei^ninal 
voltage of the machine. 

The existence of various forces tending to distort the 
machine has been established and it has been pointed 
out that the most serious cases of trouble arise from a 
two-pole pull which forms a smgle rotating ellipse since 
forc^ distributed in this way produce the greatest 
deflection. Experience, however, seems to show that 
nearly all cases of objectionable noise occur when there 
is resonance between the magnetic forces and some part 
of the mechanical structure. For this reason even the 
four-pole (or more) force distribution may result in 
trouble if the necessary resonant condition exists. 

Mechanical Aspects 

It may not be entirely obvious that a rotating deflec¬ 
tion of the stator can be affected by resonance; it can be 
shown, however, that the rotating pull or deflection may 
be considered as the result of two stationary pulsating 
pulls which are 90 deg. apart in space and time. Thus 
resonance to a traveling elliptical deflection is quite 
possible although in practise one of these components 
is usually damped to some extent by the frame supports. 

Tests made on a number of macldnes have shown that 
usually resistance to a distortion in the plane of the 
laminations is entirely dependent upon the frame or 
clamping plates and not upon the laminations. The 
laminations become so much dead weight attached to 
the frame but add nothing to its stiffness. A formula 
developed by Timoshenko* for simple rings has been 
applied to complete stators in a number of cases and 
has given useful results, as shown by the comparison 
between calculated and test results in Kg. 2. 

While it has been shown that stator vibration is of 
consequence only when there is a force tending toward 
elliptical distortion of the frame, rotor vibration may 
be set up also by a periodic variation in the magnitude 
of the normal radial gap force, such as that occurring in 
int^al slot machines. 

Rotor resonance is affected so much by the rotor arms 
that it is not susceptible to sudi accurate calculation as 
the stator. Two formulas,* however, one for a section 
of rim pivoted at both ends and one for a section of rim 
fixed at both ends, have been found useful in giving the 
probable upper and lower botmds of resonant frequency 
for radial vibration. 

A formula for the resonant frequency of gears with 
different modes of rim vibration is also available* and 
has been foimd useful but requires a great deal of em¬ 
pirical correction when applied to plate spiders. 

Tangential vibration of the stator teeth is often 
throught of as the simplest and most probable form of 
noechanical vibration causing tooth frequency noise. 
If it be agreed that resonance is necessary for appreci¬ 
able tooth motion, then almost all machines are out of 
the range where tooth resonant frequency approaches 
tooth frequency. The assuniption that resonance is 
e^ential is justified by past e^eri^ee and from a 
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consideration of the stiffness of the teeth appears 
reasonable. 

Results of several vibration tests of machines having 
pole-frequency vibration are shovm in the accompany¬ 
ing illustrations. Measurements were made by ampli¬ 
fying the resistance variations in a phonograph pick-up 
tile needle of which followed the motion of the frame. 
The accuracy of this method is indicated by the consis¬ 
tency of the test results. 

Test Results 

Variation in the amplitude of the vibration at differ¬ 
ent points around the circumference of a synchronous 
motor is shown in Fig. 1. (The nodes could be located 
easily by feeling the frame.) Measurements were made 
on the back of the puncWgs half way between the 
ends of the core. The results, however, would have 
been the same had they been made at any point on the 
same axial line. 

In Fig. 2 may be seen the change of vibration ampli¬ 
tude as the supply frequency was varied, and the cal¬ 
culated resonant frequency for the motor frame. In 
making the calculation the punchings were added as 
dead weight but the armature copper was not included 
since it is probable that the slot clearance, flexibility of 
mid windings, and damping effect of insulation may 
cause the effective mass to be zero or even negative. 
Similar tests were made after the machine was braced 
to add stiffness to the structure, the results of which 
also appear in Fig. 2. The reduction in vibration at 
the operating point (120-cycle) is worthy of note. The 
frame of this machine was not weak in comparison with 
frames of similar sizes and tsrpes but happened to have a 
natural period which gave unfortunate results. 

In- Fig. 3 is shown an exceedingly interesting curve 
with a dip in the center which was found to be due to 
end-bell resonance at that point. The violent oscilla¬ 
tion of the rather light end-bells absorbed sufficient 
energy to decrease the frame vibration at what other¬ 
wise would have been its region of greatest amplitude. 
This illustrates the difficulties that face the designer in 
faying to predict his results, since calculation of the 
resonant point of a complex structure like an end-bell is 
practically impossible and since its likelihood of setting 
up objectionable overtones is great. 
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N oises originating from electrical machinery 
are of two general types, namely, direct air noise, 
and noise transmitted through the machine foundations 
to the framework of the enclosing structure. (A. L. 
Kimball, Journal o) the AcovMical Society, Vol. 2, No. 2, 
Oct. 1930, pp. 297-304.) Disturbances of the latter 
type often may be reduced by a properly designed 
dastic support between the machine and building. 

Elastic supports can be made to isolate two types of 
disturbance; (1) shocks of any frequency typified by 
the automobile-spring suspension; (2) vibration of one 
or several known and constant frequencies. The sup¬ 
ports described in this article fall into the second class 
and their function is to isolate not absorb vibration. 

Effects of such a support may be demonstrated with 
the apparatus shown in Fig. 1: The mass M con¬ 
strained to move in a vertical direction is supported 
through a spring k from the piston P which moves 
through a constant amplitude in approximate simple 
harmonic motion; M may be said to be elastically sup¬ 
ported. At very low speed the weight moves through 
the same amplitude and in phase with the driving 
member. As the speed is increased the amplitude 
becomes larger, reaching amaximum at critical speed, 
then reducing as the speed is raised still more. At very 
high speed the wei^t appears to stand stiU in space. 
From this simple experiment it may be seen that the 
elastic support is not useftd until a speed well above 
the critical point is reached. 

In the case of an elastically supported machine 
"transmissibility” may be defined as the ratio of the 
force 'transmitted to the foundation to the disturbing 
force.impressed on the machine. Pig. 2 shows that an 
elastic support is not beneficial until the ratio of im- 
pre^d frequency to natural frequency Of the system is 
greater than 1.41, and that vdien damping (frictional 
resistance to motion) is introduced the effectiveness of 
the support is lessened. See cu^es marked h = 0.5 
and 6 = 1.0. 

Values of transmissibility, beyond the speed range 
given in Fig. 2, and with zero damping, me given ap¬ 
proximately by the squam of the ratio of the natural 
frequency to the firequenqy of the impressed force. 

Brom '^Elastic Suppo^for Isolating Rotating MactUnery,'* 31-76) 
presonted at tho Norl^ Eastern District meeting of the A. 1 » B* B.« 
Rochester. N.Y.,Aprtl29-May 1931. 


Of the materials available for elastic support, such as 
metal springs, rubber, cork, felt, and gelatinous sub¬ 
stances, a rubbw compound containing a high percent¬ 
age of pure rubber is at present found to be most 
suitable. Only, small volumes of the material are* 
necessary, the natural life is fairly long, damping is 
small, and protection from oil usually may be arranged. 
Once the elastic properties of rubber are understood, 
supports may be designed for nearly any combination 
of stiffness. 

Noise and vibration of machines which may ‘be 
transmitted through the foimdation, and which may be 
isolated by an elastic mounting, fall into three general 
classes: 

1. Vibration due to unbalance. 

This occurs at rotational frequency which is usually below the audible 
range and hence does not cause noise directly, but may cause objectionable 
vibration of the foundations, resulting occasionally in rattles. 


2. Bearing and brush noises. 

Journal-bearing noise Is negligible as is also brush noise in slip-ring motors. 
Ball or roller bearings may cause an objectionable disturbance. 


3. Noise due to magnetic forces. 

These forces are the greatest source of noise. In arC. machines the f\mda- 
mental noise flreaueacT is twice the applied electrical frequency or 120 cycles 
for 60-cycle machines. Harmonics of this fundamental frequency and 
other high frequencies also occur but are of relatively less intensity. 



Fig. 1. Apparatus for demonstrating the operat-■ 
ing principles of elastic supports 


Elasti**- mountings capalole of isolating tins noise and 
these vibrations usually do not constitute a simple 
system, ance in general there are six natural frequences 
of the machine on its mounting. Mathematical ex¬ 
pressions giving these frequencies have been developed 
and used to verify and predict resonances observed in 
dastically supported machines. The elasticity of the 
TnnuntiTig must be adjusted to 'the machine so that none 
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Fig, 2. Transmissibility curves for different 
damping constants 


of these resonant frequencies coindde with that of any 
disturbing force, for should this occur both the vibration 
amplitude and the transmissibility would become 
large. 

As stated, there is a wide variety of noise and vibra¬ 
tion frequencies to be isolated. It may be shown that if 
a mounting is designed to isolate a coitain frequency, 
the higher frequencies will be isolated more effectively. 
For this reason the high frequencies do not present any 
difficulty unless their amplitudes are greater than those 
ordinarily encountered. 

The fotmdarion upon which a machine is moimted 
affects to some extent its mounting design. At present, 
noise problems concern mainly installations in hotels, 
apartment houses, schools, and office buildings where 
the foundation is usually a concrete floor. This floor 
is most sensitive to forces transmitted from the motor in 
a vertical direction. These tend to bend the floor slab 
and for tMs reason the transmitted force normal to the 
floor should be given particular attention. 

Damping is benefid^ in the foundation as it reduces 
the amplitude of the floor vibration which is the source 
of sound radiation. Since the high frequences are 
isolated best by the mounting and are damped most by 
ihe foundation, there usually remains as troublesome 
only the rotational and the fundamental magnetic 
frequences. 

Elastically-mounted machines may be separated into 
two dasses depending upon whether they (1) transmit 
torque to apparatus on a separate base or (2) are self 
contained. Motor-generator sets are of the latter dass. 
Here the stiffness of the support is not limited by the 
stability of the system against external forces such as 
bdt pull; hence the vertical resonance can be. made 
sufficiently low to isolate the tmbalanee vibration of the 
machine, which is the lowest frequency of disturbance 
present.. 
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Results 

A number of motor-generator sets has recently been 
mounted with marked success on rubber pads. The 
stiffness of these pads is proportioned to give the set a 
material frequency in the vertical direction, sufficiently 
low to insure good isolation. Four pads are usually 
used, one under each comer of the base. 

In the case of polyphase induction motors the mag¬ 
netic vibration may be in any direction and therefore 
the stiffness of support for these machines must be low 
in all directions. On the other hand, the mounting 
must be sufficiently stiff to withstand belt pull which 
usually makes it impossible to isolate the low-frequency 



Fig. 3. Induction motor with rubber pad 
mountings 


unbalance vibration. This vibration can be cured at its 
source, however, by an accurate running balance. 

In Fig. 3 is shown mounted upon rubber pads a 
variable speed polyphase induction motor used to drive 
a ventilating fan in a large office building. No noise 
transmitted from the motor could be detected in the 
floor. The motor itself was stable throughout the 
speed range, vibrating through a maximum amplitude 
of only 0.002 in. at a low frequency due to force trans¬ 
mitted through the belt from the fan. This slight 
motion however is not objectionable. 

This rubber mounting has been compared with all the 
usual types of elastic mountings by means of a specially 
prepared sound-box. A motor on the mounting to be 
tested is placed on top of this box; an observer enters 
the box and judges the effectiveness of the mounting by 
the amount of noise transmitted into the box. Results 
of these tests show that in the prevention of sound 
transmistion the rubba: mounting compares very favor¬ 
ably with any of the moimtings tested thus far. 
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The more important results of the investigation may 
be summarized in the facts that, 

1 . Elastic supports are useful only when the ratio of the impressed fre¬ 
quency to the natural frequency of the system is greater than 1.41; a ratio 
of 2 or 3 Is sufficient for unbalance vibration, while a ratio of 7 or 8 is neces¬ 
sary for noise Isolation. 

2. Since It causes increased vibration transmission, damping is undesir¬ 
able in the elastic member of a support but is beneficial when present in 
the foundations. 

3. If the mounting is designed to isolate low disturbing frequencies, the 
higher frequencies will take care of themselves. 

4. In general, the mounting has six natural frequencies, none of which 
ejiould occur within ten per cent of the running speed range. 

5 . For machines which transmit torque, the mounting must be suffi¬ 
ciently rigid in the direction of belt pull to allow stable belt operation. 


Measurement of 
Machinery Noise 

By 

H. B. Marvin General Electric Oom- 
Assoclate A. I. E. E. Pa»y» Schenectady. N.Y. 

M achine noise investigations should 

include vibration tests at various points on the 
machine and its support, as well as loudness measure¬ 
ments at various points in the surroundings pace. 
With the “audio noise meter” described in this article, 
both types of measurements can be made and informa¬ 
tion thus obtained is extremely valuable in the study of 
machine noises, their causes and remedies. 

For loudness tests, the response of the measuring 
instrument should correspond with the loudness per¬ 
ceived by the ear. Accordingly a logarithmic scale in 
which loudness is expressed as the nvunber of decibels^ 
(for numbered references see bibliography) above 
threshold of audibility has been used for the loudness 
tests involved in this investigation. This choice of 
threshold or zero loudness as a reference point was 
made chiefly in order that the results would be com¬ 
parable with published data on room and street 
noise.* 

Reference is here made to a series of contours repre¬ 
senting equal loudness which has been set up by 
Kingsbury.* (See Fig. 3 of "A New Meter for Noise 
Analysis,” which appears elsewhere in this series). 
The contour which at 700 cycles is 30 decibels above 
threshold of audibility of the average ear has been used 
as the basis of the response-frequency characteristic 
of the audio noise meter, for total loudness tests. In 
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the analysis of noise, frequency-weighting by the instru¬ 
ment is not necessary since only one frequency is con¬ 
sidered at a time. Thus the loudness of each component 
is measured separatdy and referred to the equal 
loudness contours, a method which gives greatest 
sensitivity. 

Description op Audio Noise Meter 

The complete analyzing noise meter is housed in 
three cases; one contains the measuring amplifier and 
has space to hold the sound pick-up and tripod; another 
contains the batteries, while the third contains the 
analyzer. With this arrangement the meter is portable 
and may be used with or without the analyzer. Sche¬ 
matic circuit diagrams of all three units are shown in 
Fig. 1. 

The sound pick-up consists of a condenser microphone 
and a three-stage amplifier enclosed in a separate metal 
case. Power for the microphone amplifier is obtained 
from the battery unit. 

The amplifier unit consists of a four-stage amplifier 
with calibrated output meter of the rectifier-milliam- 
metei; type, a calibrated attenuator, and an ear-com¬ 
pensation network. Scale and dial are marked in 
decibels. Tests have shown that over the range of 
the instrument the readings are closely proportional 
to loudness. 

The analyzer may be connected between the sound 
pick-up and amplifier to obtain harmonic analysis of 
noises. This analyzer consists of an electromechanical 
filter (see Fig. 2) and in order to obtain complete 
separation of harmonics, it has been designed with high 
selectivity, yet sufficiently broad at resonance so that 
small variations of speed or frequency will not seriously 
affect its operation. 



Fig. 1. Schematic diagram of audio noise meter 


Complex current to be analyzed is passed thro^ 
windings on the poles of a driving magnet and a sinu¬ 
soidal current from a variable-frequency vacuum-tube 
oscillator is passed through an exciting winding of the 
aanift magnet. The resultant flux in the air-gap pro¬ 
duces a torque on an armature or vibrator equal in 
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frequency to the difference between the complex wave 
and the analyzing sine wave, and proportional to the 
product pf i^eir amplitudes. The armature and its 
supporting stem are designed to have angular vibration 
resonance at 6,000 cycles. Four vibrators are tuned to 
the same ftequency and coupled in tandem by wires 
under tension. A permanent magnet with pole wind¬ 
ings is mounted in such relation to the fourth vibrator 
that the motion of the vibrator induces in the windings 
of the magnet a voltage proportional to its velocity of 
angular vibration. Mass and compliance of the vibra¬ 
tors and tension of the couplihg wires are adjusted so 
that tJie combination has characteristics similar to an 
electrical band-pass filter. 

In operation the frequency of the oscillator is varied 
slowly from 6,000 to 11,000 cycles. Whenever the 
difference between this and the frequency of a harmonic 
in tW complex wave equals 6,000 cycles, the analyzer 
responds. The frequency range is therefore 5,000 cycles 
maximum, the minimum at present being 30 cycles. 
This heterodyne method of analysis has the important 
property of equal selectivity for ^ harmonics. 

Calibration 

Laboratory calibration is made by comparison with 
primary sound standards on sine-wave tones of variable 
loudness and frequency. The instrument contains 
voltmeters for checking battery conditions but in addi¬ 
tion convenient means are provided for an over-all 
one-point check which can be made in the field. 

In the measurement of vibration a device is held 
against the machine which generates a voltage propor¬ 
tional to its velocity of vibration. This vibration pick¬ 
up is substituted for the microphone so that both total 
vibration and harmonic-analysis measurements am 
possible. Since the noise is more often proportional to 
idodty, than to amplUyde, of vibration, this measure¬ 
ment may be used to either supplement or even substi¬ 
tute for sound measurement. 

Results 

Uses for an audio noise meter are manifold. For 



some work a total noise t^t is sufficient, as for example 
in comparing noise levels in factories or other noisy 
places, and in the acceptance testing of machinery. 
If tests are made with the idea of changing design, 
harmonic analysis is most useful. Fig. 3 ^ows an 
analysis of noise from a small synchronous motor in 
which the noise arises principally from higher har¬ 
monics (as high as the 74th) of rotational frequency 
which is 30 cycles. In synchronous apparatus nearly 
all noises are multiples of rotational frequency but in 
induction motors and other variable-speed machines 
there are usually two series, one based upon power- 
supply frequency and the other upon rotational fre¬ 
quency. 

An analysis of hum from a 325-watt, 60-cycle, 
110/1100-volt transformer was made with core damps 
loosened, and applied voltage 20 per cent above normal 
in order to increase the amount and complexity of the 
resulting noise. Here the harmonics again fell into one 
series having a fundamental of 120 cycles per second. 
All harmonics up to the 15th were found to be present 
in a measurable amount but the fundamental was 
inaudible. Owing to imagination which would supply 
a fundamental in order to be logical this would probably 
not be sunnised in a listening test. The effect of load¬ 
ing the transformer was to decrease the total noise, but 
analysis showed that some harmonics (notably second, 
sixth, and tenth) were weakened much more than the 
average. 

Conclusions 

Although knowledge of the sense of hearing is still 
far from complete it is felt that the instrument de- 



Fig. 3. Analysis of noise from a three-, 

phase, 60-cycle, 220-volt, l,S00-r.p.m,, synchro¬ 
nous motor at no load. The fundamental of the 
.seriesis,rotationalfreiguencyor30cyclespersecond 

scribed serves a very useful purpose in studying maclun- 
&ry noise, the manner of its generation and ^nsmissibn, 
and its composition and magnitude. 

The analyzer has a high degree of selectivity, is con¬ 
venient to operate and, combined with spimd and vibra- 
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tion pick-up devices, enables quantitative anal 3 ^s to 
be made on electrical, mechanical, and acoustical waves. 
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Mitigation of 

Substation Noise 

By 

E. A. Bishop Commonwealth Edison 
Associate A. I. B. B. Company, Chicago, III, 

N oise reduction in substations has in 

most cases taken the form of confining the noise 
within certain reasonable limits rather than eliminating 
it at its source. In accomplishing this, however, other 
complications are introduced, especially as regards 
ventilation. 

The following classes of substations are discussed in 
the order named: 

1. 230-yolt d-c. station located in a downtown district. 

2. 600-yolt d-c. station for traction seryice. 

8. 1,500-yolt d-c. station for electrified railway service. 

4. A-c. remote-controlled distribution station. 

D-C. Converter Stations 

Since the problem of noise due to synchronous con¬ 
verters is common to three of the types of substations 
mentioned it may be well to discuss it first. Noi^ em¬ 
anating from converters is rdated directly to speed and 
frequency and in general may be clastified as follows: 

1. B-c. commutation noise where the brushes riding on the commutator 
bars and the slots passing tinder the brashes are contiibuting fa^rs. 
Hlgh-mica or commutator bars may in addition set up an obiectionable 
chattering noise. 

2. Windage, which depends upon the speed of the machine. 

8. Magnetic noises which are usually so low-pitched that they are 
drowned out by other noises. 

4. A-c. bru^ and ^p-ring frictional noises. 

6. Vibration of the building housing and equipment. This is rather 
unusual and ccurs dhiefiy if the unit, for any reason, should run on "open 
phase." 

The first measure toward the reduction of converter 
noise was to provide as a part of the unit a semi"en<^. 
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sure consisting of a sheet-metal housing with wire glass 
doors and windows enveloping the d-c. end of the ma¬ 
chine. However, when any attempt is made to enclose 
a conveitw, a secondary problem of ventilation imme¬ 
diately becomes manifest. In the case of the semi¬ 
enclosures this was cared for by leaving an opening in 
the front end of the houring approximately the same size 
as the opening inside the commutator. Cool air was 
then drawn into the armature through the commutator, 
passed through the ventilating slots of the armature 
core and windings and discharged throu^ a chimney 
at the top of the enclosure. In some cases this chimney 
was connected to a point outside the. substation by 
means of a duct; in others it simply dischaiged into the 
converter room. These semi-enclosures effected quite 
a reduction in noise, but were not satisfactory ftum 
either a standpoint of ventilation or accessibility. 

The next step was to completely endose a 600-volt 
railway converter when the residents in nearby apart¬ 
ment houses objected to its noise. This endosure 
conristed of a wall of transite supported on a 
structural steel framework. The inside of this endo¬ 
sure was lined with 1-in. ash^tos hair felt. A hafiled 
chimney on top of the housing permitted the air to be 
discharged, and deadened a large part of the noise. 

From a noise reduction point of view the total enclo¬ 
sure was fairly successful dnce it eliminated the com¬ 
plaints, but protection against heating was quite a 
serious problran and required the installation of a 
blower to force cooling air through the houring. A 
new problem presented itsdf when flashovers occurred 
and small partides of hot copper or carbon were dis¬ 
charged into the hair felt lining. This material did not 
bum rapidly but due to the draft would smolder, making 
it necessary to use a fire extinguisher. This was ovw- 
come by placing a second Iming of porous 

asbestos papw inside the hair fdt. The net result was 
satisfactory allhough the relatively poorer noise ab¬ 
sorbing quality of the thin asbestos slightly decreased 
the over-all noise reduction. 

Success in this experiment resulted in the Continued 
development of the total enclosure^ which aloi^ two 
general lines is now designed by the two principal 
manufacturers. The fiiht consists simply of a cubical 
houring completely enveloping the entire converter, 
the dimensions bring such that the sides are a few inches 
dear of the machine bedplate at all points. A partition 
at the main field yoke divides the housing into two 
sections. Air for ventilation is admitted at the d-c. 
ride of the unit through openings in the foundation, and 
is discharged through a chimney located in the top on 
• the a-c. ride, a blower bring required on riiher the in- 
: take or diriffiaige ride to circulate the aur. 

The second design, while completely enveloping the 
convertor, conforms to the general shape of the unit, and 
is rounded off at the top. The method of ventilation is 
identical with the fitot derign. 

Compared to the semi-enclosures, these total endo- 
sures have the advantages of greater noise reduction, 
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better ventilation, and more space available for main¬ 
tenance and minor repairs. It should be mentioned, 
however, that complete disassembly is required for 
major repairs and due to the elaborate ventilation 
fadlities required an added initial cost is involved. 

In a recent installation there arose the problem of 
noise being communicated to adjacent parts of a large 
building in which was located a theater inunediately 
over the substation. The following measures were 
taken to provide a quiet installation: 

1. The converters of course were completely housed, 

2* Converters and transformers were supported on cork insulated 
foundations. 

3. Blowers and motors were likewise mounted on cork foimdations, 

4. Connections t^o the air-exhaust ducts were made with a canvas joint. 

5. Flexible laminated copper strips were used for the main d-c. terminal 
connections. 

6. To further eliminate the possibility of vibration being communicated 
along the main copper connections and in turn through the supports to the 
building ste 1. several flexible joints were made in these long runs. 

The installation , has been in service two years and 
has proved satisfactory in every way. 

At the present time, there is under consideration the 
problem of noise mitigation in 1,500-volt traction sub¬ 
stations. The units installed consist of two 750-volt 
machines with commutators connected in series. They 
run at a. speed of 600 r. p. m. and give rise to an 
extremely high-pitched penetrating noise. This noise 
consists principally of two elements; one due to com¬ 
mutators and the other to windage. It is not con¬ 
sidered feasible to totally enclose these units because of 
the hazards which would result from flashovers. A 
new form of pole tip has been designed, however, to 
reduce the whistlihg noise produced by the field poles 
but as yet no authentic data are available regarding the 
reduction of noise actually attained. 

Before leaving converting equipment it should be 
stated that from a noise mitigating standpoint, the 
mercury arc rectifier is the most satisfactory device so 
far devdoped. Its operation is silent except for the 
hum in the assodated transformer and the noise of the 
rotary vacuum pump. The latter device has been 
much improved since the original installations and is 
now satisfactory. 

A-C. Substations 

In a-c. distribution substations, the character of the 
noise produced is entirely different, consisting chiefly of 
him having a fundamental frequency of 120 cycles 
wiuch is inherent in transformers and induction regula¬ 
tors. The noise in these substations while not nearly as 
intense as in d-c. stations is neveHbeless somewhat 
above the noise level of residential ndghborhbods. In 
one substa.tion> this noise was found to ^ transmitted 
tibrou^ building steel to the outtide walls and thence 
to an adjoining apartm^t house. This difficulty was 
overcome by placing cork under tihe transformers and 
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regulators, and replacing the rigid terminal connections 
with flexible ones. 

Transformers installed outdoors in remote-controlled 
substations have been the cause of serious complaints. 
As a rule, they are installed in an oiien court adjacent to 
the builfing which houses switching equipment and 
regulators. In a tjnpical case this court consisted of 
brick walls along the side and one end with a wire mesh 
screen at the opposite end; the brick walls contained 
small openings for ventilation. In this case the major 
part of the noise was confined to the court by placing 
sound-absorbing felt over the wire-mesh screen and 
constructing a roof of sheet-metal arc-shaped sections 
having the under side covered with sound-absorbing 
felt. Thei^ sections were arranged so as to baffle the 
sound waves and at the same time permit free passage 
of air. 

In summarizing the situation, at least so far as rotat¬ 
ing equipment is concerned, very little has been accom¬ 
plished toward reducing the noise .inherent in the 
machines. Practically all efforts up to the present time 
have been toward confining the noise to the equipment' 
and in solving the incidental ventilation problems. 


Noise from 

Induction Regulators 


By 

J. P. Foltz WestiBgkouse Electric & Monu- 

a. I. B. B, facturing Oo., East Pittsburgh. Pa. 

and 


W, F, Shifk Westinghouse Blectric & Mann- 

Non-member facturing Oo., East Pittsburgh, Pa. 


A n important prerequisite to the study 

of noise in inductionregulators is the establishment 
of amethodformaking quantitative noise measurements. 
Surroundings have a very great effect on the values of 
sound intensity; thus for consistent results all sound 
measurements should be made under identical condi¬ 
tions as regards not only background noises but also 
surfaces in the vicinity. Induction regulators, how¬ 
ever, are usually difficult to handle and it is therefore 
quite inconvenient to move them tp a place suitable for 
makiug sound measurements. 

Since surface •vibration is the chief cause of noise in 
induction regulators and since this •vibration bea,rs a 
quantitative relation to the sound produced, many of 
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the diflSculties experienced in making suitable sound 
measurements can be obviated by measuring vibration 
instead. Special surroundings are not required for 
vibration measurements; .with a minimum expenditure 
of time direct comparison of machines is possible on the 
test floor during working hours. It is possible also to 
make representative measurements on the various ele¬ 
ments of a machine, tracing vibration to its source and 
determining the effect of diff«:«nt conditions upon 
that source. 

Noise produced by induction regulators and trans¬ 
formers is quite simple in character as compared with 
noise produced by rotating machinery. The noise 
(exclusive of clicking of relays during the period of 
voltage adjustment) has a fundamental frequency 
double that of the supply voltage and is radiated di¬ 
rectly from the tank walls, cooling tubes, and boxes 
housing the control panels fastened directly onto the 



Fig. 1. Illustrating in exaggerated form some 
factors affecting stator vibration. From left to 
right, elliptical deformation of the stator by field 
forces} vibration of stator under radial forces of 
field; rotor out of center with stator 

side of the regulator. There may be present harmonics 
of the fimdamental depending on the supply voltage, 
but usually these are not large. 

Experience gained on small single-phase regulators in 
the past has indicated that invariably noise could be 
reduced by a well-balanced gap and small clearances in 
the bearings; however, more recent experience with 
larger machines has shown that there are several types 
of vibration (especially in larger regulators) which no 
degree of accuracy as to mechanical fitting and center¬ 
ing will cure. 

According to the source, (See Fig. 1) regulator vibra¬ 
tion may be divided under the following three headings: 

1, * ‘Hoop vibration*' caused by the radial forces set up by the magnetic 
flux across the air^'gap. Since this force is balanced its only eflect In the 
two-pole regulator is to deform the stator into an ellipse with minor axis 
corresponding to ma-viTmirn of flux wave* The result of this deformation 
is a vibration of the stator in a radial direction and is transmitted directly 
through the oil to the tank. 

2, Vibration due to the rotor being out of center or eccentric with 
regard to the stator. In this case the forces on either side of the rotor are 
not balanced and there is a resultant force tending to vibrate the rotor and 
stator as beams supported at the ends. This vibratdon is transmitted to 
the tank partly through the top and partly through the oil directly from 
thestator. 

3, Torsional vibration. This is evident in some sli^e-phase regulators, 
and is carried to the cover through the worm and se^ent. 'While this 
type does not contribute mudh to the noise directly, if of sulflcient magni¬ 
tude it is liable to cause impact between worm and segment, with a resultant 
rattle that is quite obiectionable. 


Th^ types of vibration are all of the same frequency 
but in any consideration of causes it is necessary to 
distinguish between them. 

The more important type of vibration in large three- 
phase two-pole regulators is that produced by the 
elliptical deformation of the stator under the action of 
the fidd (hoop vibration). In small machines the stato/ 



Fig. 2. Relative vibration amplitudes measured 
on circumference of core (#) and frame (o) of a 
typical regulator 

rigidity is sufldciently high to limit this vibration to a 
point where the other types of vibration become of 
importance. 

In designing regulators it is desirable to calculate the 
probable amount of vibration that will be produced in 
the finished machine. It is possible to do this approxi¬ 
mately by the usual theoretical formula (iJ^^^de Meriea- 
niqm Et TJswage De$ Machines Electriquet, by 
H. DePistoye, p. 560) provided certain assumptions 
and approximations are made. 

In the case of hoop vibration the annular rigidity of 
the stator is the controlling factor so that the amplitude 
of vibration is the same as the static deflection under the 
load produced by the force of the field. In a thre^ 
phase regulator the field is fairly well distributed but it 
may be considered as having a sine wave of distribution. 
For example in a representative three-phasp two^pole 
regulator the double amplitude of vibration was calcu¬ 
lated to be 0.14 X 10-« in. The measured double 
amplitude on this s^e regulator (average of several 
readings) was 0.19 X 10"* inches. 

If the rotor is slightly eccentric in-the air-gap the 
forces of the field on either tide of the stator do not ^ 
balance and the rotor is deflected toward the narrower 
gap. Vibration having a frequency double that of the 
supply voltage is set up adding to the hoop -vibration on 
one tide and subtracting on the other. The vibration 
of the rotor is carried to the covers and thence -to the 
outer t.aTik surface. In practise, however, it is quite 
possible to keep tiie eccentricity low enough on most 
large regulators to keep this type of vibration Wiftin- 

limits. . :. . . 

Tortional vibrations of the rotor, (due to flexibflity m 
the shaft and worm), are controlled by ihe umra reac¬ 
tion of the rotor. -This type of vibratiohis not achpor- 
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tant except in small regulators and large 25 -cycle 
regulators. Torsional vibration does not usually con¬ 
tribute much to the noise directly, but in the worm and 
segment is a system which has a variable spring constant 
so that higher frequencies may be introduced due to 
.impact between worm and segment. These lie in the 
range of greater ear sensitivity and are very objection¬ 
able. The introduction of flexibility between rotor and 
segment or between worm and cover eliminates this 
difliculty by preventing the vibration from reaching 
the cover. 

While the vibration has its chief origin in the stator 
core it must pass through the oil before it can affect the 
tank wall and thus be radiated as sound. The oil is 
nearly incompressible, however, and thus serves as an 
excellent medium for transmitting the vibration to the 
tank. The tank, however, does not follow the core but 
appears to have on the surface a number of locally 
resonant regions whose positions are not at all definitely 
determined. As a result and in order to compare ma¬ 
chines, it is necessary to take a number of readings both 
in a vertical and horizontal plane and obtain an average. 

Since cooling tubes are liable to be resonant in them¬ 
selves their presence further complicates the action of 


the tank wall. This tube resonance should be guarded 
against not only on account of noise but because, due to 
the large amplitudes that occur at resonance, it is likely 
to fatigue the weld where the tube enters the tank and 
create an oil leak. In these tubes one may find any¬ 
thing from nearly rigid support to nearly perfect flexi¬ 
bility at end welds. In order to be safe then it is 
necessary to work outside the region between these two 
extremes. This resonance region can be computed by 
consideration of weight of tube full of oil, inertia of 
cross-section, and length. It is then the problem of the 
uniformly-loaded beam. Where the tubes are sup¬ 
ported one upon another or on the tank at any place 
other than the end, the problem becomes indeterminate 
analytically. 

With information gained from vibration measure¬ 
ments and some knowledge of the magnetic, electrical, 
and fundamental mechanical conditions in the general 
type of structure represented by the induction regula¬ 
tor, it is possible to classify regulator noise according to 
its source, determine the relative importance of each 
class in different sizes and tjpes of regulators, and even 
calculate approximately what to expect from a new 
design. 


Impulse Tests 
Made on Substations 


By R. N., Southgate A. S. Brookes 

Associate A. I. E. E. Associate A. I. E. E. 

Public Service Electric & Gas. Co. 

Newark, N. J. 

Unlike many lightning and surge 
investigations which have largely con¬ 
cerned individual pieces of apparatus, 
the tests outlined here have been made 
on complete substation units. Quali¬ 
tative results have been obtained for 
two classes of stations. 

D uring the past few years a great 
deal of experimental work has 
be,en carried on in studsdng the 
nature of distimbances due to lightning, and in deter- 
mirdng transmission line characteristics, with a view to 
forecasting the behavior of transients of this nature on 
transmission systems. To date, experimental work on 

A Substations,” (No. 31-44) presented at the 
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E. R. Whitehead W. G. Roman 

Associate A. I. B. B. Associate A. I. E. E. 

Westinghouse Elec. & Mfg. Co. 

East Pittsburgh, Pa. 

terminal equipment has been largely confined to the 
study of individual units; in the summer of 1930 , 
however, the opportunity to study surge behavior on 
typical substation layouts presented itself. The tests 
described were made with the aid of cathode ray oscillo¬ 
graph and portable lightning generator equipment of 
the Westinghouse Company. 

An effort was made to check graphically some of the 
theories generally accepted in regard to the action of a 
traveling wave striking typical substation structures, 
in the expectation that the results might serve to clarify 
general protection problems. It was realized that actual 
layouts vary greatly, and that test results must depend 
largely upon the type of station under investigation; 
also upon the chosen impulse wave. For these reasons, 
the results secured are largely qualitative in nature. 

These tests were made in New Jersey on the system 
of the Public Service Electric and Gas Company where 

Electrical Engineering 





DISTANCE IN FEET 


Fig. 1. 220-kv, bus layout at the Rosetand. jpfg, 2. Variation of impulse voltage at trans- 

substation former terminals in the Roseland station, as 

affected by the distance between transformer 
and arrester 


two types of substation structures were made available. 
The ^t series of tests was made on the 220-kv. bus 
and transformers at the Roseland switching station, a 
typical substation of the high-voltage class; the second, 
on the structures of the Elizabethport 26.4-kv. dis¬ 
tribution substation. 

The Roseland station is the terminal point of two 
220-kv. interconnections feeding a 132-kv. ring which 
connects the other switching stations of the system. 
The 220-kv. structures, while complete,, had not yet 
been placed in service. 

A schematic diagram of the 220-kv. bus layout may 
be seen in Pig. 1. The entire bus, all oil circuit breakers, 
and one of the transformer banks, were available for 
connection to one incoming 220-kv. line. To secure a 
general idea of the distances involved, the conductor 
length from the terminal of the line to the main bus is 
about 300 ft. and from the bus to the transformer 830 
ft. Main and transfer buses are both 270 ft. in length. 
The transformer bank consists of three single-phase, 
30,000-kva. units connected Y-Y with solidly-grounded 
neutral on both 220- and 132-kv. windings. 

Surges were set up by means of the portable lightning 
generator, located at a distance of eight line-miles from 
the station. This generator was adjusted to give at the 
station a traveling wave having a crest of 169 kv., a 
front of 6.5 microseconds, and a time-to-haJf value of 
19 miwoseconds. A short surge of 4 microseconds in 
length with a crest of 140 kw. was obtained by chopp^g 
the longer wave by sphere-gaps connected to the line 
near the surge generator. 

It was first desired to determipe the modification of 
wave shape at the station as compared with the wave 
shape with the line end open. For this purpose volt¬ 
time oscillograms were taken at the line terminal and at 
the transformer with the line connected to (1) tiie 
transfer bus alone, (2) section 1 of the main bus, and 
oil carcoit breafeOTS, and (3) to the complete wain and 
transfer buses and all oil drcmt breakers.^ The ^ect 
of connecting the transformer to tiie station network 
was also investigated. 


Table I shows the reduction in crest voltage in per 
cent of the open-end voltage for each of the forgoing 
conditions. In general, the crest of the transient is 
reduced as more and more bus is added to the circuit, 
and connecting the transformer caused a further de¬ 
crease. It may be noted that the reduction was some¬ 
what less for the long wave than for the short wave, and 
it is to be expected that a still smaller reduction would 
result from longer waves. 

TABLB 1 —REDTJOTXON IN IMPULSE OREST VOLTAOB FOR 
DIFFERENT STATION CONNECTIONS 


Per cent reduction of 
crest kv*. 

19 micro- 4 mlm- 

Station conditions second ware second wava 


Section 1 transfer bus.4.5. 

Transformer connected...11.2.82.0 

Section 1 mafa bus line and transformer breakers,. 5.6.• 

Transformer connected...45.0 

Complete main and transfer bnses all breakers.. ..24.0........ 

Transformer connected.86.0....... .65t0 


It was desired also to determine how the distance 
between the point of location of a lightning arrester 
and the transformer bushing, would affect the voltage 
at the transformer. The arresters used for these tests 
were 25-kv. line-type porous-block units. Oscillograms 
of transformer voltage were taken for three diffCTcnt 
locations of the arrester; namtiy, at the transformer 
bushing, on the main bus 696 ft. from the transformer, 
and at the line terminal 920 ft. from the transformer. 
Re^tsofthese tests are shown in Fig. 2. It was found 
that if only one arrester were connected to a tingle bus 
directly to a transformer, the voltage .at the 
arrester location will be a minimum; the voltage at any 
other point will depwid upon the arresteris rated volte 
age, the rate of rise of the traveling wave, and the di^ 
tance ftem that point to the arrester. With cert^ 
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voltage at the transfonner measured for each location. 
Due to limitations on voltage imposed by the insulation 
of the open-wire line, the maximum test voltage obtain¬ 
able at the station was about 30 kv. For this reason 
the arrestCTs used were 6-kv. station typ6» which had a 
breakdown voltage sufficiency under the incident crest 
voltage to secure comparative results. 

The arrester locations chosen were (1) the transformer 
bushing, (2) the main bus 90 ft. distant from the trans- 


Fig. 3. Layout of bus and tines at the Elizabeth- 
port 26,4-kv. distribution station 


approximations, the equation of the curve is given by 
the formula, 


D 

Ct - -H 


2 (2 
dt 


where e^ 
ea 
Cl 
D 

d Cl 

di 


B voltage at the transformer (in kv.) 

B arrester's rated voltage (in kv.) 

B crest voltage of traveling wave on the bus (In kv.) 
B distance flrom arrester to transformer In ft. 

B kilovolts per microsecond 



GROUND RESISTANCE IN OHMS 

Fig. 4. Impulse voltage at transformer terminals 
in the Blizabethport station with arrester located 
on open line at various distances from the cable 
pothead 


TESTS AT ElIZABBTHPORT SUBSTATION 


The Elizabethport substation is designed to receive 
energy from eight 26.4-kv. cable feeders, and to distrib¬ 
ute this energy at 4,150 volts. A schematic diagram 
of the station layout is shown in Pig. 3. Two of the 
26.4-kv. feeders were available for test purposes; also 
two banks of transforms, the first co nsisting of two 
4,000-kva., three-phase units, and the second a single 
4,000-kva. unit. The station bus is about 150 ft. in 
length. 

The line used in the imptdse tests ^ends from the 
power station for a distance of about six miles in aerial 
conductor on wood poles to a point 9,600 ft. from the 
substation, where it enters underground cable leading to 
the substation bus. In ordw to secure sufficient dis¬ 
tance for establishing a traveling wave effect at die 
cable pothead, the surge generator was located at the 
far end of the open-wire line. The cathode ray oscillo¬ 
graph was loca^ at the substation where it could be 
connected to any point in the outdoor structures. 

Connecting bus and transformers to the cable was 
foimd to reduce the crest voltage of the waves below 
the open-end value. A less pronounced modification 
would be expected here than at Bosdand because of the 
smaller bus capacity and cable impedance. Measure¬ 
ments ^owed a reduction of only about 5 per cent as 
compared with the 35 per cent reduction which occurred 
at the 220-kv. switching station. 

li the study, of protection to station equipment 
arrests were plac^ atthreedifferent locations, and the 
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former, and (3) the main bus 150 ft. from the trans¬ 
former. The maximum voltages recorded at the 
transformer for these positions of the arrester were 
respectively 21,23.5, and 25 kv. From these results it 
is obvious that the problem of properly locating ar¬ 
resters in a station of this size is relatively simple. 

Another problem under investigation at this substa¬ 
tion was to determine an effective arrester location for a 
point outfflde the station, at or beyond the cable pot- 
Wd. The locations chosen for test were at the 
pothead itself, and at several points on the open wire 
at distances of from 300 to 3,300 ft. from this point. 
Arresters used w^ of the 6-kv. line type as before. 
Ground reastances at this location were quite favorable 
varying] in actual value from only about 0.5 to 1.5 
ohms. 

Results of these tests may be seen in Fig. 4. Due to 
the decreased conductor surge impedance at the cable 
pothead, the voltage at this point was insufficient to 
cause the arrester to breakdown. It may be noted 
that the impulse voltage at the station deceased as the 
arrester was moved away from the pothead, the slope 
of the curve decreasing considerably at about the 
1,000-ft. point. 

SUljEMARY 

Summarizing the more important results of both 
series of tests, it can be said that: 
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1. The capacity to ground of the bus and circuit breakers in large sub¬ 
stations tends to reduce the impulse terminal voltage. In general, tbe 
effect of connecting transformers to the bus system is a farther sloping off 
of the wave-front and reduction of the crest. The total effect Is more 
pronounced in the case of very short waves, but appears to be appreciable 
for those of even moderate length. 

2. When lightning arresters are placed on* the bus, the voltage at the 
transformer will be greater than that at the arrester by an amount depend¬ 
ing upon the steepness of the lightning transient, the arrester breakdown 
voltage, and the circuit distance from the arrester to the transformer. 
Oscillograms show results in agreement with calculations. For any given 
arrester location the seriousness of such over-voltages decreases with 
increasing arrester-voltage rating. For minimum Impulse voltage, the 
arrester should be connected to the transformer bushing. 

3. Because of the low terminal capacity and low surge Impedance of 
entering feeders in small substations fed by cables, the capacity of the bus 
and connected apparatus causes only a relatively small decrease In the 
impulse-terminal voltage. 

4. When a lightning arrester is placed on an aerial line joining a long 
cable leading to a substation, the station protection for a surge originating 
beyond the arrester is increased as the arrester Is moved away from the 
junction along the open wire. This Increase in protection is greatest for 
the first 1,000 ft. the arrester Is moved out from the pothead. The exact 
arrester location must be selected also with-due consideration to the possi¬ 
bility of a lightning stroke between the pothead and the arrester. 

6. High ground resistance is found to decrease materially the protective 
value of line arrestera; where this condition exists, arrester performance 
can be improved by connecting the hlgh-realstanco ground directly to the 
cable sheath. Economic considerations will decide where such a measure 
should be adopted. 


Artificial Sunshine 
for the Modern Office 

O FFICE SUNSHINE is provided by a 
special dual-purpose ceiling fixture re¬ 
cently designed for his office by M. LncMesh, director 
of the General Electric Company’s lighting research 
laboratory at Nela Park, Cleveland. A similar fixture 
is in the office of the president of the Cleveland 

Electric League. 

These pioneer dual-pmpose luminaries supply ap¬ 
proximately 80 foot-candles on the desk top without 
creating a feeling of “too much light.” Relatively 
few offices have artificial light intensities even as high 
as ten foot-candles and offices with 30 foot-candles are 
rare. The lighting shown is pleasing and comfortable, 
and the ultra-violet radiation has the same health- 
maintaining characteristics as outdoor summer sun¬ 
shine. 

This particular lighting fixture has an upward or 
indirect lighting component supplied by eight 100-watt 
incandescent lamps equally spaced in the uppw portion 
connected to two circuits. This alone supplies a general 
illumination of 10 foot-candles. The downward com¬ 
ponent of light and the ultra-violet radiation are pro¬ 
duced from one “sunlight” lamp (S-1) in the center of 
an oxidized aluminum refitkitor equipped with baffle- 
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rings^ which control the light distribution and ultra¬ 
violet radiation and which shield the eyes from direct 
view of the S-1 lamp. 

Like the portable sun lamp, this fixture necessitates 
the use of a transformer, and in this particular unit it 
has been conveniently located in the ceiling directly 
above the canopy. 

In buildings where the space between floors will not 
permit the recessing of a transformer, it is possible to 
run heavy wires from the fixture to a point convenient 



Eighty fooi^candles of healthful light on the 
working plane in this office 


for the location of the transformer. This wire should 
not be smaller than: 

No. 10 B & S gs^e for distances up to 16 ft. 

No. 8 B So S gage for distances up to 26 ft. 

No. 6 B & S gage for distances up to 40 ft. 

No. 4 B & S gage for distances up to 60 ft. 

like the studios of the National Broadcasting Com¬ 
pany in Chicago where ultra-violet radiation is supplied 
from overhead units, these office fixtures are creating 
much interest in the minds of aU who have had the 
opportunity to see them. 
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Automatic 
Arc Welding 

By the use of arc welding, marked 
sa^higs hare been effected in the manu- 
■ facture of electrical apparatus. Auto* 
matic control for this process has made 
possible still greater savings and at the 
same time better and more uniform 
products. 


By G. H. Koch 

General Engineer 

Westinghouse Electric & Manufacturing Company 


A rc-welded products and 

their many advantages over the 
castings and riveted structores, 
which they superseded, have been discussed quite 
jthoroughly in various recent publications. The man¬ 
ufacturers of electrical machinery were among the 
&st to take advantage of the flexibility and liberties of 
hew design afforded by the arc 7 welding process. Auto¬ 
matic control is now being applied to this type of 
jwelding and the great saving of time over that required 
for hand operation is resulting in low® production 
costs for parts so manufactm^. 

Where manual welding is employed, the timned 
welder replaces the trained fbundiyman or the shilled 
riveter in obtaining tiie final resulte. In both the old 
Md the new proceiKes, then, the quidity of the product 
is as much dependent upon the care arid vigilance of the 
artisan in overalls-as upon the judgment and slide nile 
of the designer. The functions performed by the 
trained welder were foimd to be particularly suited* to 
reproduction by machinery. The arc voltage must 
be mmntained at a constant , value and the electrode 
feed towards the arc tiiould be as uniform as is coni^ 
tent with a constant arc voltage. The progress of the 
arc along the seam should be steady and at a fixed rate. 

In an automatic arc-weldirig ma<>hinft an electiic 
inotor is used to feed the electrode at the required rate 
,to maintain a constant arc voltage between the elec- 
.tiude and tixe work. A madhine of thja tsrpe is showii 
in I^. 1. As may be noted, the electrode passes 
thrwgh a long nozzle after it leaves the driving rolls 
and at the lower end, to be fused in the arc 

.^^ .^^osited on the work. . Welding current enters 
tb^j^I^cti^e through the tiiding contact in '&e n<K^e., 
senative to arc voltage automatically 
Cljr^riaon and speed of the w<flding ^ec- 
pr jaln t ai n the .are Voitag^ (^pstant 
u^egqlar surface..Separate motor-driven 

_ a: I. b:». SoaOMtn DtoMet 

Npr; 1950. * ?, j 



devices provide a uniform motion of the arc along the 
seam and a weaving motion across the seam where this 
is desii^. After the current value, arc voltage, and 
travel SJ’® selected for a given job, the operator 
is required only to start and stop the welding operation, 
and to change the work. In some high-speed produc- 



Fig. 2. Automatic welding head showing elec¬ 
trode feed mechanism 



Fig, 2, An installation of four automatic welding 
heads for building up worn car-wheel flanges 


tion work-everi these op^tions are performed auto¬ 
matically. 

As a general rule on any given job only slight ly 
larger electrodes are used for automatic welding than 
ter Imrid welding. Increased wdding speed is brought 
about ihi:^ly by the fact that a higher current density 
iu'^the. electrode is possible in automatic welding th^n 
in hand welding. About 25,000 amperes per sq. in. of 
tieetrode section is common in automatic wading com¬ 
pared with 10,000 amperes per sq. in. in hand welding. 
This increased current concentration provides for better 
foa^vimd improved arc stability. Usually less de- 
p0(sted.irietal is^risqwed.in automatic wel^g because 

.Electrical 





(if this factor uial bwausc of the greater general re¬ 
liability. Kurthennort^, since the electrode is fed eon- 
tiniHiusly from a reel, there are no interruptions such 
as the manual weUh‘r introduces in changing electrode 
rods. All td tlu*.st* factors tend towards increa.sed speed 
and better welds. 

The comparative welding speeds for automatic and 
manual arc welding arc* now fairly well known for 
existing commennal «‘leclrodes. In general it may be 
said that simple, continutms welds may be made with 
’an automata* welding head in from one-third to one- 
sixth of the lime re<iuin*d by an expert manual welder, 
defM*nding uihhi t he t hickness of material. 

One of t he earliest npplieations of automatic welding 
in the electrical incluslry wu.h in connection with the 




Fig, 3. Sp«c<0l ctamp iaiwvti) Sor fmtaing tank 
tbaatt end tubas during watdtni procats, Nota 
tMcknatt oj mattrUtl iu finithad wald, Ibeltm} 


stres^ in the wheel than a manual operation since a 
large number of beads are added successively at a rela¬ 
tively high speed thereby providing uniform heat 
distribution. 

Automatic welding next was introduced into the 
manufacture of sheet-steel tanks for transformers and 
circuit breakers. A seam-welding clamp used to make 
longitudinal butt and lap welds in round, elliptical, nr 
rectangular tank shells is shown in Fig. 3. A large 
shell or a number of small ones is held against a backing 
bar by air-pressure clamping fingers and the weld is 
made by the automatic head which is mounted on the 
traveling carriage. Mounted also on this carriage are 
the electrode reel and operator's controls. The carriage 
is self-propelled at any desired welding speed on a 
trackway built integral with the air clamp frame. 

With this apparatus an oil-tight, reenforced butt 
weld can be made on 5/16-in. steel at a rate of 20 ft. per 
hr. without beveling or otherwise preparing the edges. 
This type of weld is reenforced on both rides; it also 
must iiasw rigid inspections for appearance as well as 
for strength and density, and for these reasons is often 
made in two or more passes. Such a weld can not be 
duplicated by an expert manual welder at a speed 
greater than 6 ft. per hr., using commercial electrodes, 
it is thus evident that the use of the automatic welder 



Fig. 4. Welding end plates in a circuit-breaker 
tank showing two automatic heads in operatton. ’ 


repair of worn flangea on iteel atreet-car wheels. 
Unleas the worn aection la built up by welding, wi 
6»Msrive amount of material murt ba cut from the 
face of tba wheal to leatora the proper faee contour. 
An inetafiatuni erf four autcanatic-wiridiiif Iwada m a 
Iai»estiaitndlwayrepairrtiopiiriiowninFig.a. One 

man heap the ioox automatie aroa to operatson, 
thenby doing the work of twelve manual wel^. 
Hia wdd sets up muedi Icnwar aiuinkage 


this case results in a time saving of about 70 per emit. 

1 lighter plates this saving would be still greats. 

A method for welding bottoms in cylindn^l cirtro^ 
tanks is illustrated in Pig. 4. The sh^ is 
nt«red on a turntable flurii with the floor level and 
rotated under the arcs held by two automatic he^. 
i this way the bottom of a 42-in. diameter ^ with a 
i-in. wall thickness is welded in 18 min. by a Migie 
jerator as compared with the 2H hr. required by a 

lanual welder to complete the job. 






With the recent advent of electrical machinery fl'ames 
fabricated from structural members and plates welded 
together, automatic welding received another impetus. 
A machine specially developed to weld short, straight 
seams such as would be encountered in this t 3 ?pe of 
work is shown in Fig. 5. In this device the welding 



Fig. S .. Machine making short, straight 
welds. A structural-steel motor frame may be 
seen, set'up for processing 

head is mounted on an arm which reciprocal^ fllnng 
the joint at welding speed. The wire reel arid opera¬ 
tor’s control are mounted on the base of the inflY»binA 
so that the entire unit may be moved to a heavy piece of 
work within the radius of the supply cable reach. 

For heavy fillet welding it is necessary to tilt the 
work to obtain the most satisfactory results. This 
is especially true of plates greater than 5/16 in. in 
thiclmess for a full-strength fillet. A tnap.binft de¬ 
signed to accomplish this purpose is shown in Pig. 6. 
Tilting the work in this way permits mayinm Tn welding 
current and metal deposits and results in a normal 
fillet amilar.to that produced by an expert hand welder 
with proper manipulation. 

Automatic welding is not by any means limited to 
heavy welds or large joints. As a matter of fact, the 
time saving over manual welding is much greater on 
thin sheets and small beads. With a special machine 
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designed for this service certain welding operations 
now are performed in 45 sec. which required 7 min. for 
manual welding. In this case, the welding speed was 
140 ft. per hr. However, a speed of 200 ft. per hr. 
could easily be obtained with increased welding current, 
but would result in a slight sacrifice in appearance. 

Another interesting application of automatic welding 
is in connection with the manufacture of textile motors. 
The service requirements of these motors demand ex- 



t 

Fig. 6. Machine used in tilting Heavy pieces for 
fillet welding 



Fig, 7. Section of textile motor assembled by 
automatic welding. Note that laminations and 
end rings are held together by fillet-welded 
angle plates 


traordinary strength arid sturdiness for protection 
agauist vibration and urieveri torque load. As may be 
seen in Pig. 7, the stator punchings and end-rings for 
the bracket fits are made integral by welding four angle 
plates across from one end-ring to the other with a 
fillet weld at each plate edge, These eight welds are 
made while the parts are held together in a jig after 
rranoval from, tiie assembly press. As a result both 
the punchings and end-rings are individually welded 
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to the angle plates and are held together under assem¬ 
bly pressure. 

The saving in welding time affected in each of the 
applications illustrated give a good indication of the 
posabilities of the automatic-welding head in leading 
the way to new production economies. Provided 
apparatus is included to limtt the handling time in 
pVigTiging the work, and provided such apparatus can 
be installed at reasonable expense, nearly every pro¬ 
duction welding job from an economical point^of Anew, 
•is open to automatic welding. In some application, 
handling time is unavoidably the bulk of the welding 
time; in such cases, automatic welding can still be 
considered advantageous on account of its improved 
and consistent results. 


Percentage- 
Differential 
Transformer 
Protection 

Three-winding transformers present 
difficult problems for the protection 
engineer. Differential relays which 
operate on the phase difference between 
the currents in the different windings 
are particularly adapted to' meet the 
requirements. 

By R, E. Cordray 

£jldctric Oonxpaiiiy 
Philadelphia 

P ROTECTION of three-winding 
transformers became a problem for 
serious consideration shortly after 
the introduction of this type of transformer a few years 
ago. The special requirements of these transform®ra 
necessitated that any suitable scheme of protection in 
case of an internal fault must remove the transformer 
from all three of its associated circuits simultaneoudy. 

. In addition, an external fault on any one of its associate 
circuits must be cleared without putting the transformer 

Prom a paper InformaUy presented at the A. I. B. B. Southern District 
meeting. LouIsvUle. Ky.. Nov. 19-22.1980. 

May 1931 


out ef service. Differential relays which operate on 
the phase difference between the currents in the differ¬ 
ent windings are particularly adapted to meet these 
requirements. 

Occurrence of an internal fault in a three-winding 
power transformer requires the complete isoktion of 
the transformer in the shortest possible time. Id 
addition to this requirement, the protection must care¬ 
fully discriminate between internal and external faults 
such as those occurring on associated transmission lines. 
It would be desirable of course to have the protection 
sufficiently sensitive so that it would function on the 
least possible fault; as for example, one between ad¬ 
jacent turns. Among other factors which affect the 
sentitivity are possible false operation and economy o 
winding replacement. However, assuming that the 
protective relays would operate instantaneously even 
a tum-to-tum fault would probably damage seve^ 
turns or even a whole section of the winding before the 

circuit breakers could open. 

Probability of a ground fault inside a transformer 
that is, a fault between the winding and the core— 
is becoming more remote as the design of transformers 



Fig. 1. Schematic single-phase diagram for 
percentage differential relay 


continues to improve. A feature of one modem design 
for medium and high voltages is the complete covermg 
of the iron core with a cylinder of very heavy insulating 
material, and the separation of the different voltage 
windings by simil ar insulation. For the same reason 
faults between phases are also becoming scarcer. 
Consequently, the problem consists prindpally of 
protecting against faults between turns or parts of the 
same winding. 
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Percentage Differential Protection 

Differential protection of three-winding power trans¬ 
formers, as mentioned in the be ginning , operates on 
the vector difference of the currents flowing in and out 
of the transformer. This protection is theoretically 
free from the effect of external faults, because, neg¬ 
lecting the exciting current, the vector difference 
between these currents is zero except at the time of 
an internal fault. 

Practical application of this theory has been ac¬ 
complished by connecting in parallel the secondary 
windings of all the current transformers in each phase, 
providing their ratios are such as to exactly compensate 
for the different voltage ratios of the power-transformer 
windings. In practise, such differences as do exist 
are easily compensated for by using auxiliary auto¬ 
transformers in the current-transformer secondary 
circuits. 

Unfortunately current transformers do not in general 
maintain the same ratio characteristics up to many 
times their full-load rating. This performance charac¬ 
teristic is aggravated by the current transformers 
being generally of different types, with one set fre¬ 
quently of the bushing type. This difficulty is over¬ 
come by using the percentage differential principle. 

Parentage differential characteristics are in effect an 
automatic means of raising the setting of the relay at 
the time of a through fault. This automatic raising is 
obtained by having elements in the relay energized by 
the through currents; that is, by the current in each 
of the power-transformer windings. These elements 
act to oppose the torque of the operating element 
actuated by the '‘difference’' current. By propor- 
.tioning the niunber of turns in these windings it is 
possible to secure rday operating characteristics having 
any percentage desir^. 

Connections required for a typical relay installation 
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2. Reta'jf chafacterisHci .for 2S per cent 
differential proiecHon 


of this type are shown in schematic form in Fig. 1. 
The relay shown here provides a separate restraining 
torque from each of the three power-transformer 
windings. Current values for torques so proportioned 
that the operating-coil current is 25 per cent of the 
average restraining or through current are shown in 
Fig. 2. In actual practise this proportion is set some¬ 
times as high as 50 per cent. 

A great advantage of this percentage characteristic 
is that it can be used on power transformers with volt¬ 
age tai>s, even where taps are automatically adjusted 
to meet load conditions. In Fig. 2 is shown the 
“difference” current which exists when the bank has 
10 per cent buck or boost taps in addition to the 25 per 
cent differential relay characterics. The protection 
afforded the power transformer is practically the same 



Fif. 3. Front view of differential relay with 
■ cover removed 


regardless of whether taps are at the zero, maYimmyi 
buck, or maximum boost position. 

Effect qf Magnetizing Current Inrush 

, Control springs for adjusting the minimum operating 
eurrent are provided on these relays and are aimilar to 
those found on induction-type overcurrent rekiys. 
Minimum-ourr^t settings are detmhined by the 
probable inrush of magnetizing current tp the trans- 


3 ^ 
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former. In general, the magnetizing current is of the 
order of only 5 per cent of full-load current; but at the 
instant of energization, an inrush of transient magnet¬ 
izing current generally results. 

Calculations and actual tests show that the peak of 
this inrush of magnetizing current can be as much as 
eight to eleven times the full-load current rating of the 
power transformer (about 200 times the normal ex¬ 
citing current) and that this current may remain 
greater than full-load value for a relatively long time— 
30 to 60 cycles on a 60-cycle system. 



Fig, 4. Complete wiring diagram for percentage 
differential protection; note potential trans¬ 
former and auxiliary relay for raising main relay 
setting during magnetizing current inrush 


Relatively high current settings therefore are re¬ 
quired to prevent relay operation during these mag¬ 
netizing transients. One plan of solving this difficulty 
consists of using an additional relay to momentarily 
raise the differential-relay setting to a higher value 
when the power transformer bank is first energized. 
This relay is operated from a potential transformer 
placed across any one of the power-transformer wind¬ 
ings inside the oil circuit breaker connections. While 
the power transformer bank is de-energized, the voltage- 
relay contacts connect a resistor in parallel with the 
operating coils of the differential relay, thereby raising 
their current setting. When the transformer is ener- 


gized-jthe voltage relay operates after a predetermined 
time delay, thereby disconnecting the parallel resistor 
from the differential relay after the cessation of the 
magnetizing-current transient. 

A complete wiring diagram for a t 3 rpical percentage 
differential relay installation is shown in Pig. 4. This 
diagram shows also the connections for the voltage relay 
just described. 


Automatic 
Speed Regulation 

Automatic regulators to be suitable 
for industrial use must be quick in 
response, sturdy in construction, re¬ 
quire a minimum of maintenance, and 
be adaptable to a wide variety of appli¬ 
cations. How one of the newer types 
of carbon-pile regulators meets these 
exacting requirements is outlined in 
some detail. 

By J. H. Ashbaugh 

Associate A, I, E. E. 

WesUnghouse Elec. & Mfg. Co, 

East Pittsburgh 

A ccurate speed control constitutes 
one of the biggest problems con¬ 
fronting the regulator engineer and 
one of the most important phases of regulation in 
industry. It is important because every "progressive 
industry is striving to improve its products and to 
reduce manufacturing costs. 

The increasing use of individual motor drives has 
done much to improve quality, increase production, and 
reduce costs. However, this same trend has made 
regulation a more important problem because in many- 
processes the individual motors must be closely and 
accurately controlled. 

Certain applications, such as galvanizing machines, 
continuous rod and strip mills, and sectional paper- 
machine drives, require practical synchronization of 
several motors, and at the same time necessitate a wide 
speed range. These conditions demand the use of d-e. 
motors which generally operate from a variable-voltage 
supply with individual regulation for maintaining a 

Prom “Automatic Eeguiators in Tndustrios,” (No. 31-30) presented at 
tlie A. I. E. E. -winter convention. New York, Jan. 26-30, 1931. 
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synchronized, but adjustable, relation between motors. 
Speed regulation of d-c. motors to make thdr character¬ 
istics simulate those of synchronous machines, even 
under highly fluctuating load conditions, now is an 
accomplished fact. 

Carbon-pile regulators for this service are extremely 
simple and exceedingly sturdy. They are capable of 
field forcing or over-regulation, have effective anti¬ 
hunting characteristics, and use no contacts in the 
controlled circuit. 

One of the newer types of carbon-pile regulators is 
shown in the accompanying illustrations, and may be 
seen to consist essentially of an electrical unit and a 
mechanical unit. The mechanical unit is merely a 
differential, consisting of a worm and nut, a clutch, and 
a lever system. The unit is made integral with a small 
synchronous motor which has a hollow shaft through 
which passes an internal shaft, one end of which drives 
the differential nut through the friction clutch, the other 
end being attached to a cone pulley. With the regulator 
motor driving the worm and the regulated motor 
driving the cone through a belt, any angular displace¬ 
ment occurring between the two is transmitted directly 
to the electrical unit which acts immediatdy to correct 
the imdesired change in the regulated motor. 

Characteristics of the electrical \mit are such that 
should the aforementioned angular displacement occur 
rapidly, the electrical element will respond quicldy; but 
if the change is slow, the correction will be correspond¬ 
ingly slow. As may be seen from the accompan 3 dng 
sketch, the prrasure applied to the carbon-pile is varied 
by the differential lever (6) through the dash-pot (6) 




pile (4). The two springs (10-11) gradually return the 
dash-pot and lever to a neutral position. The sudden 
change in field and armature strength causes coils 
(2-3) to move in such a direction as to anticipate the 
return to normal conditions; they ^ert a force on the 
other end of the pile by deflecting springs (7-8). Dash- 
pot (14) merely stabilizes the lever and coil inatia. 
When a slow, angular deflection takes place dash-pot 
(6) is not moved because the air in it seeps put through 
an adjustable vent hole. Lever (1) is deflected by 
varying springs (7-8), resulting in suitable change in 
pressure on the carbon pile. 

This regulator gives a d-c. motor the same character¬ 
istics as a synchronous motor. In actual service on a 
150-hp. 900-r. p. m. motor the device completely restored 
and stabilized the speed within three seconds after the 
instantaneous application of 100 per cent load on the 
motor. 

Considering the broader aspects of the subject, 
regulators may be divided into three classes; mechani¬ 
cal, hydraulic, and electrical. The progress of develop¬ 
ment has been in the order named, but because of the 
flexibility of electrical regulators they soon greatly 
predominated. In order to prevent surging of the 
quantity regulated an electrical regulator of course 
must have incorporated in it the same fundamentals 
(although in a different form) as the mechanical or 
hydraulic regulators. This involves careful considera¬ 
tion of the inertia of the system to be regulated and the 
precision of regulation desired. 



Schematic diagram of carbon-pile regulator 
showing mechanical parts 


and two springs (7-8). The carbon-pile, of course, is 
connected in the field circuit of the motor to be regu¬ 
lated; two coils are connected to leva* (1); coil (2) is in 
s^es. with the field of the motor, and coil (3) is ener¬ 
gized from the interpole. These coils stabilize the 
regulator and prevent hunting. 

When a large angular displacemait occurs lever (5) 
moves rapidly, transmitting power momentarily through 
dash-pot (6) to vary the pressure on the carbon-" 
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In addition to industrial speed regulation, it is 
possible to effect the .close automatic regulation of 
voltage, load, power factor, pressure, temperature, and 
many other quantities of importance to the modem 
industrial concern. 

The future of regulators, appears to depend largely 
upon the electron tube. This device is in its infancy 
but is thought to offer great possibilities in the elimina¬ 
tion of moving parts and through its greater sensitivity. 
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Interchange of Industrial Power 
for Better Operating Efficiency 


Large industrial establishments 
usually are interconnected with elec¬ 
tric utility systems for the purchase of 
power; but free interchange of electric 
power between the two is not nearly so 
common as the economies involved 
would substantiate. The author 
recommends unrestricted interchange 
for the best economy in both systems. 


By 

W. B. Skinkle* 

l^:np:inotu^ Pittsburgh District Power Committee, 
Subsidiary Companies U. S. Steel Corporation 


recognize the critical and essential fact that both parties 
must benefit financially from an interchange agreement, 
many common difficulties practically dissolve them¬ 
selves. An interchange agreement should be sufficiently 
flexible to permit the industrial to draw power from^ the 
utility as required and deliver power to the utility 
whenever a surplus of low-priced fuel is available. 

It naturally follows, of course, that the prices for the 
various kinds of power interchange should be fixed at a 
rate that will permit any of the classifications of power 
to be profitably sold by one party, and profitably pur¬ 
chased and absorbed by the system of the other party. 
Analyses of the interchange problem show that five 
different classifications of power may be involved in 
any interchange agreement between a utility and an 
industrial: 


F 


'REE INTERCHANGE of electric 
power between large industrial es¬ 
tablishments and electric utility 
systems offers attractive economies to both parties in 
spite of inhibitions to the contrary. Interconnections 
are common, of course, between industrials and utilities, 
but usually the contracts covering such interconnections 
are narrow and rigid rather than flexible, and usually 
provide definitely for (1) the utility to furnish all the 
power; (2) the utility to furnish a certain stipulated 
base load; or (3) the utility to furnish stipulated peak 
power and emergency energy. However, numerous 
engineering analyses and an increasing amount of prac¬ 
tical operating experience show that the greatest econo¬ 
mies to both parties are realized through unrestricted 
interchange of power wherever the mdustnal has large 
quantities of either by-product or very low-pnced fuel 
available in a form that is not economical to store. 

The possibilities of power interchange between utili¬ 
ties and industrials open up a vast held of mdustnal 
economics- however, because of an almost unlimited 
number of special conditions which surround and limit 
S point of connection, and because industrial condi¬ 
tions are subject to radical and almost momentary 
change too often these opportunities for power inter¬ 
change' are given up as impossible because of their 
change fe changing conditions do m- 

todSTandicap to the drafting of sufficiently AetMe 
Stact agreements, but if both contracting parte will 

wrltton for 
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1. Firm power sold by tbe utility at any time and in any quantity up 
to the limit of either the contract or the equipment. 

2 Surplus power available from either system by reason of surplus 
generating capacity, idle and awaiting growth of the system on which 
it is installed. 

3, OF-peak dump power. 

4, On-peak dump power. Dump power of either classiflc^lon is 
power available lu the Industrial system by reason of surplus by-produe 
heat or fuel which does not lend itself to practical or economical storage. 

5, Lastly and most important, the emergency power available ftom 
either system to the other on short notice In case of sudden and uuforseen 
operating emergencies. 

All of these different classes of power have ra,dically 
different costs to the producer and radically different 
values to the purchaser. A mutually aece^ble 
determination of these factors is not extremely diffic^t 
to arrive at, and certainly forms a sound basis on which 
to write a mutually profitable interchange contract. 

From the standpoint of the industrial establishment 
having available an appreciable quantity of heat ener^ 
or by-product fuel which is lost unless converted into 
electric energy® and dumped onto the utility system, 
the conversion of this into electric power is accepted 
as the logical step. This presupposes the instaUation 
of generating equipment capable of absorbing the y- 
product energy and capable also of ™ 

portion of the plant load. In the course of normal 
operation it is but natural that 
requirements and plant production of y-pr ^ 
or fuel may be anything but well s^chronized, mth 
the result that at one time there will be more plan 
generated power available than can be whffe at 

Lother time the power demand will exceed the plan 
generating capacity. Operating records are availabb 
S bear ^tness to the fact that these irregulanties 
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between power production and power demaifd can 
economically be smoothed- out by interchange inter¬ 
connection with an opwating electrical utility. On 
tile basis that boilers and turbines are already in 
operation and tiiat their fixed costs and heat losses are 
already bdng absorbed by the industrial, the additional 
cost to the industrial for an increment of load added to 
the already existing plant load will be in the neighbor¬ 
hood of 0.4 mill per kw.-hr. for the average modem 
16,000-kw. turbine-generator unit. 

To the electric utility an interconnection with a 
large industrial establishment is attractive because of 


400,000k 


ACTUAL INSTALLED GENERATING 
CAPACITY. THE STEPS SHOW 
ADDITIONS OF LARGE GENERATORS I 



RESERVE EMERGENCY 
CAPACITY 
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Fig^ L Diagram indicating common method of 
caring for load growth in a utility system which 
must depend solely upon its own plants for 
increased generating capacity 


the possibilities in load devdopment Extending a 
mere interconnection into a fuH interchange may have 
features equally attractive to the utility and to the 
industrial. The utility, like the industrial, is faced 
with the necessity of having available more generating 
capadty than required to meet average load conditions, 
and thus may have available "surplus” powa- of its 
own. However, in view of its different basis of opera¬ 
tion mduding the fact that it must use new fuel for 
each in^ement of power output, its actual cost per kw- 
hr. (deliyered at the point of interconnection with the 
utiUty) is necessarily higher than the cost of the above 
mentioned industrial dump power. This is particularly 
true when transmission, distribution, and apparatus 
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losses are taken into consideration. These features 
combine often to make it possible for the utility to 
purchase advantageously dump power from the indm- 
trial, even to the extent of reducing the output on its 
own existing equipment. 

Another economic angle to the situation, attractive 
and of importance to both the utility and the industrial, 
is that through the free interchange of power between 
the two systems the additions of generating capacity 
to each system may be "staggered,” each making 
mutually advantageous use of the combined genoating 
capacities of the two systems. This is perhaps one of 
the most important features involved in the whole 
interconnection interchange problem and perhaps may 
be better plained by centering the discussion around 
the two accompanying illustrations. These illustra¬ 
tions also will help to demonstrate the relative values 
of tiie different classes of power previously mentioned 
as being involved in an interchange interconnection 
between an industrial establishment and a utility 
system. 

In Pig. 1 the line AB represents the constantly- 
increasing daily peak-load avaage during the normal 
growth of a public utility system. When such a sys¬ 
tem has no major power interchange interconnection, 
and must care for its own growth with increases in 
its own generating capacity, a normal margin of safely 
such as that represented by the vertical distance be¬ 
tween the line A B and the line C D must be main¬ 
tained. Thus the line C D represents the constantly 
increasing minimum of generating capacity that must 
be maintamed for system operating safety. In the 
interests of operating efftciency and investment 
economy, increments in generating capacity must be 
made in relatively large units, such as those indicated 
by the projection above the line C D. 

The Capacity shown by the vertical distance between 
the line C D and the dotted lines representing the upper 
margin of the added capacity blocks represents “sur¬ 
plus generating capacity” held idle and in reserve 
waiting for system growth. The investment in this 
surplus capadty must be made in advance of the 
requirements of the system for an/y part of its Oittput, 
and the fixed, charges on this investment must be 
absorbed by the system as a whole. 

When two systems make an interconnection for the 
purpose of interchanging energy and sharing the 
benefidal results of such an interchange, the combined 
operations can best be explained by the aid of Pig. 2, 
in which the upper section represents the operations of 
the electric utility and the lower section tiie operations 
of the interconnected industrial establishment. The 
sloping line C D represents the minimum safe generating 
capadty as in Pig. 1. Superimposed bn line C D are 
the blocks endosed by dotted lines r^resenting the 
normal additions in generating capadty that were 
shown in Pig. 1. The sloping line E P in the lower 
section repr^ents the same values for the industrial 
establishment. An hypothetical set ofr additions to 
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generating capacity on the industrial system are shown 
in the steps on sloping line E F. 

A ts^ical normal set of operating conditions that 
might obtain at tiie beginning of operation of an inter¬ 
change agreement may well be assumed to be as shown 
in Fig. 2. Both companies have power from surplus 
generating capacity available for sale. Because the 
electric-utility system does not need additional energy 
the industrial takes advantage of contract clauses 
permitting the sale of low-priced dump energy, and 
delivers that kind of energy to the utility system. 
With the growth of the industrial load its surplus 
generating capadty gradually is used up and at point 2 
the industrial load has grown to a value that reqmres 
additional generating capacity; however because of 
the relatively small capacity required it is more econom¬ 
ical to arrange for power purchase from the utility, and 
by so doing delay an investment in additional generating 
capacity xmtil a definite load for the reserve unit has 
been developed. 

Because of “minimum clauses” probable in such a 
power interchange contract, an actual purchase up to 
the amount of the ^edfied minimum takes place and 
the industrial buys a small block of power thereby 
shutting down its most inefficient unit. At point 3 the 
utility reserve has decreased, as a result of its own load 
growth, to a point which requires that the industrial 
ngaiTi pick up its load. Because of the economy of 
large units the industrial installs more capacity than is 
immediately required, and again takes advantage of the 
low-priced dump-energy clauses to deliver power to the 
utility S 3 ^tem earning at least the fixed charges on its 
investment in surplus generating capacity, which other¬ 
wise would be idle and non-productive between points 
three and four. At point four the utility has used up 
its own reserve and is in the market for the purchase of 
surplus capacity which in this case can now be furnished 
by the industrial establishment until such time as point 
five is readied. At that time the utility must have 
additional generating capadty available for operation, 
and the first cycle has been completed. These cycles 
may be repeated indefinitely, the actual span of years 
per cycle depending upon conditions prevailing. 

Fig. 2 indicates that during periods 1-2, 8-4, 5-6,7-9, 
and beyond 10, the industrial profits by the sale of dump 
power and the utility profits by the purchase of that 
very cheap power. Some power is supplied to the elec¬ 
tric utility by the industrial from its own surplus gener¬ 
ating capacity during the periods from 4 to 5 and from 
9 to 10. During periods 2-3 and 6-7, the industrial has 
purchased base-load power from the utility. The utility 
has sold some power from equipment that otherwise 
would have been idle, and thus has helped to carry the 
fixed charges on the otherwise idle equipment, and also 
has been able to dday the large investment in new 
generating capacity for the periods of time represented 
* by the time increment between point 4 and point 5, and 
between points^S and 10. A paralld situation has b^n 
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comparably remunerative to the industrial establish¬ 
ment. A utility investment in additional generating 
capacity may easily reach $6,000,000, which if delayed 
for even one year means a saving of some $780,000 in, 
fixed charges. Large industrial establishments may 
spend as much as $2,000,000 on power plant equipment; 
hence the fixed charges on that investment will amount 
to $260,000 per year, and that investment probably can 
be delayed for a relatively longer time than the corre¬ 
sponding utility investment. These savings represent 
some of the fruits of power interchange between the two 
systems. 



Fig. 2. Diagram showing interlocking develop¬ 
ment of interconnected utility and industrial 
systems where mutual use is made of total 
generating capacity of combined, systems 


In this brief sketch the attempt has been to outline 
some of the important advantages to both parties that 
may result from a free interchange of electric energy 
between the system of a large industrial establishment 
and an electric utility system, particularly where the 
industrial establishment has the characteristics of some 
of the large steel mills. It is of sufficient importance to 
warrant its being empharized again, however, that an 
intercormection or an interchange contract between a 
utility and an industrial system must provide for defi¬ 
nite profit to both parties if such.a contract is to 
endure. 
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Of Lisiiiiile anJ RelaleJf A.c!li^lies 



Asheville, N* C,, as it appears from the slopes of nearby Beaucatcher Mountain 


Summer Convention Program Announced 

Offers Timely Technical Topics Attractively Seasoned With 
Recreation Features ’Midst Scenic Splendors of the Old South 


A SHBVILLE, North Carolina, will be 
host to the 1931 A* I. B. B. summer 
convention which will be held June 22-26, 
with headquarters at the Grove Park Tim. 
An ^exceptional program combioing the 
annual business meeting, technical ses¬ 
sions, entertainmenf, and sports, with 
ample opportunity to see some of the 
splendor of the mountains surroundiug 
Asheville, has been arranged by the 
general convention committee. Excel¬ 
lent concrete highways lead from the city 
in all, directions and wind their way over 
the various mountain ranges to such 
points of scenic interest as Chimney Bock, 
XiUre, Mount Pisgah, and the 
Ptsfeh National Forest and, Giune 


Business Ssssioks 



pcipoiis 

hsem a weal1& of: x]d4teprial cozi^priscs a 
tedinioal' program of broad scope and 
cwmt Interest, Symposiums comprise 
three of the sesidons; one on the hnpor- 


tant subject of system interconnections; 
another on the interesting topic of com¬ 
munication systems for electric utilities; 
a third dealing with the history of electri¬ 
cal units, the volt, the ampere and the 
ohm. Four other sessions will present 
papers describing the latest developments 
in the fields of power cables, automatic 
stations, electrical machinery, and re¬ 
search. Annual reports of the Institute’s 
technical committees, reviewing the ad¬ 
vances made in theory and practise during 
the past year, will be available at one of 
the sesrions. A tentative list ot the 
papers for each of these sessions is given 
in the accompan 3 dng tentative program. 

The business side of the convention will 
include annual meeting of the Insti¬ 
tute, a report Of the tellers’ committee 
covering eJeOfcidn of officers for 1931-1932, 
the president’s address and presentation 
of pmes for papers. The Lamme Medal, 
awarded several months ago, will be 
presented to Dr. William J. Foster, 
Schehectady, N. T.j ’’for his corttriWtions 
io the d^&ign of rotating aJterna 
dimentmacbihery.’’ 


Entertainment and Sports 

Asheville long has been noted for its 
wonderful climate and the natural beauty 
of the auirounding country. Attractive 
trips have been arranged; each day for the 
ladies attending the convention, ‘vrith 
luncheoiu at noted resorts; several bridge 
games will be arranged. 

The president’s rebeptiouj followed by 
dancing, will be held on the ffist night 
of the convention, Monday, June 22, at 
the Grove Park Inn. An informal get- 
together dinner followed by dancing will 
be held at the George Vanderbilt Hotel 
Tuesday evening, June 23. Attractive 
entertaimneht features will be provided 
at this dinner. The conventlou banquet 
will be held at the Grove Park Inn Wed- 
nesdhy evening, June 24, also to be 
follbwed by dancing. 

Facilities of the Bfitmofe 
the Arijeville: coun at. 

the dispdaal of those attending. The 
customary golf and tehnia .^i^rnatpents 
for the Merton Otips witt be j^eld. The 
courses at 


Asheville country clubs will be at their 
best in June and are sure to prove attrac¬ 
tive to golfers and near-golfers. 

Both of these clubs also afford hue 
tennis courts. 


Outline op Program 
(E astern Standard Time throughout) 


Monday. June 22 


9:00 a.m. Keglstration 


10:00 a. m. Annual business meeting of the 
Institute 

Address of welcome by the mayor 
of Asheville 

Annual report of the board of 
directors (in abstract) by F. L. 
Hutchinson, national secretary 

Report of tellers committee on 
election of officers; introduction 
of and response from president¬ 
elect. 

Presentation of prizes for papers 

Presidential address, by W. S. Lee 

Lamme Medal presentation 

2:00 p. m. Oonference of officers, delegates, 
and members 

Qualifying round for Mershon 
trophy, at Biltmore Forest 
Country Club 

Tennis at AsheviUe Country Club 

2:30 p. m. Ladles' drive about city followed 
by tea at Mountain Meadows 


9:00 p. m. President's reception—dancing—^at 
Grove Park Inn 


Tudsday. June 23 
9:00 a. m. Registration 
9:30 a. m. Two technical sessions— 

(a) Symposium on communica¬ 

tion serylces for electric 
utiUties 

(b) Electrical machinery . 

1:00 p.m. Ladies’ luncheon and bridge, at 
Biltmore Forest Country Club 


3 

Notice of 
A. I. E. E. 

Annual Meeting 

The Annual Meeting of the 
American Institute of Electrical 
Engineers will be held in the Grove 
Park Inn, at Asheville, N. 0. at 
10 a. m. on Monday, June 22,1931. 
This will constitute one session of 
the annual summer convention, 
which is to be held in Asheville 
June 22-26, 

At this meeting the annual 
report of the board of directors, 
and the report of the committee 
of tellers concerning the ballots cast 
for the recent election of oMcers 
will be presented. 

Such other business, if any, as 
properly may come before an 
annual business meeting 'may be 
considered. 

(Signed) F. L. Hutchinson, 
National Secretary. 


2:00 p. m. Oonference of officers, delegates, 
and members (continued) 

Sports as scheduled 

7:00 p. m. Get-together dinner, at George 
Vanderbilt Hotel 

Wbdnibsday, JuNm 24 

9:30 a. m. Two technical sessions— 

(c) Symposium on intercoxmeo 

tlons 

(d) Symposium on electrical 

units 


12:30 p. m. Directors' luncheon and meeting, 
at Grove Pork Inn 

2:00 p. m. Trip to Biltmore house and estate 
Sports as scheduled 

7:00 p. m. Convention banauet, at Grove 
Park Inn 

THtrasDAY, JuNB 26 
9:30 a. m. Two technical sessions— 

(6) Automatic stations 

(f) Cables 

Semi-finals in golf and tennis 
2:00 p. m. Technical session— 

(g) Research, selected subjects. 

technical committee re¬ 
ports 

Finals in golf and tennis 

2:30 p. m. Drive to Chimney Rock and Lake 
Lure for tea 

Fbiday, Junb 26 
All-day excursions, choice of; 

(1) Carolina Power and Light Company’s 

WatervUle plant 

(2) Champion Fibre Company and American 

Enka Corp. 

(3) Mount Plsgah 

Ladies Program 

■■'■V ' • 

Monday, JUN® 22 ^ l ^ - 

10:00 a. m. Opening of convention • . • 

President’s Address, by W. S. Lee 

2:30 p. m. Drive about city followed by tea 
at Mountain Meadows 

9:00 p, m. President’s reception-dancing, at 
Grove Park Inn 

Txtbbday, Junb 23 

1:00 p.m. Ladies* luncheon and bridge at 
Biltmore Forest Country Club 

7:00p.m. Get-together dinner at George 
VanderhUt Hotel 
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Wbdndbdat, JtJNB 24 

2:00 p. m. Trip to Biltmore house and estate 

7:00 p. m. Oonvention banquet, at Grove 
Park Inn 

Thursday, June 25 

2:30 p. m. Drive to Obimney Bode and Lake 
Lure for tea 

pRiDAT, June 26 

All-day excursions, choice of trips as scheduled 
Trips 

Friday, June 26, will be devoted to an 
all-day excursion with a choice of one of 
the following trips: Carolina Power 
and light Company, Waterville plant; 
Champion Fibre Company and American 
Bnka Corp.; Mount Pisgah. 

The Watorville plant of the Carolina 
Power and Light Company is situated on 
the Big Pigeon River close to the Tennes¬ 
see state line. Twelve miles upstream a 
concrete arch dam, 200 ft. high and about 
700 ft. long at the top, forms a reservoir 
from which water is conducted to the 
plant through a concrete-lined tunnel 
approximately 33,000 ft. in length. Con¬ 
struction is in two sections known as the 
upper and lower levels, connected by a 
verti^cal circular section known as the gap 
shaft. The power house contains three 
45,000-kva., 13.8-kv., 400-r. p. m. verti¬ 
cal generator units each directly con¬ 
nected to a 55,000-hp. Francis type 
waterwheel. The unit system is em¬ 
ployed and each generator is connected 
directly to the step-up bank of trans¬ 
formers without low-voltage oil circuit 
breakers. 

Through the Waterville high-voltage 
bus an interconnection is formed which 
establishes a complete connection between 
the Great Lakes and the Gulf of Mexico. 
Transmission lines interconnect with the 
Appalaohian Electric Power Company to 
the North, the Tennessee Public Service 
Company rand Tennessee Eleotrio Power 
Company to the West, and the Duke 
Power Company to tTie South, as well as 
supplying the Carolina Power and Light 
Company’sloadinwestemNorth Carolina. 

The large Canton, N. C., plant of the 
Champion Fibre Company is unique in 
the history of industrial development in 
that, it serves the paper industry as well 
as the tanning industry. When chestnut 
wood is employed as the raw material to 
produce soda pulp the tannin must first 
be extracted. The tannin extract unit 
for this purpose has a capacity of 500 
babels of liquid tannin extract per day. 
Sulphate pulp is produced in large quan¬ 
tities from the hemlock and spruce. 
Another mill produces high-grade book, 
bond, tablet, and envelope papers and 
h^ a daily capacity of 100 tons. Chlorine 
. used for the bleaching of pulp is produced 
by an electrolytic plant having a capacity 


of 70 tons ^aily. The chief by-products 
of this industry consists of highly volatile 
methyl compounds, turpentine, and so¬ 
dium resinate, obtained from the cooking 
of pine wood for sulphate pulp. 

Mount Pisgah, with an altitude of 
5,749 ft. is the principal high point in the 
Pisgah National Forest and Game Pre¬ 
serve. Its summit affords a panorama 
view of Buncombe, Transylvania, Hen¬ 
derson, and Haywood counties, overlook¬ 
ing Little Bald, Big Bald, Cold Mountain, 
and Eagles Nest. The beautiful moun¬ 
tain laurel and rhododendron also will be 
in bloom during June. This excursion 
consists of approximately a 60-mile roimd 
trip. Delightful meals and hotel acoom- 



Waterville dam of the Caro¬ 
lina Power & Light Company 


modations may be secured at the famous 
Pisgah Forest Inn, near the top of the 
mountain. 

Railroad Rates 

It has been ascertained that in nearly 
all cases the summer tourist rates are 
lower than those offered by the conven- 
tion certificate plan. On this accoxmt 
certificate rates are not being arranged 
and members are advised to purchase 
Summer Tourist tickets to Asheville, N. C. 

Convention Hotel Rates 

Reservations for hotel accommodations 
should be made by writing directly to 
the hotel preferred. Rates for rooms with 
bath are: 


Double 
(per No. of 

Hotel Plan Single person) Guests 


Grove Park.A. .$12... .$10.400 

George Vanderbilt .E.. 3. ... 2.50.. .400 

Battery Park.B., 3.60 . 3 .400 

The Manor.A.. 9_ 8.100 

All hotels are within ten minutes' easy 
driving of the convention headquarters 
hotel. 

Committees 

The general convention committee for 
the 1931 summer convention consists of 
the following members, who are officers 
or chairmen of other committees as 
indicated: E. P. Coles, chairman; C. E. 
Waddell, honorary chairman; W. S. 
Rodman, vice-president; M. E. Lake, 
secretary-treasurer; R. R. Laxton, assis¬ 
tant secretary-treasurer; A. E. Knowlton, 
meetings and papers eommittee;E.S.Lee, 
sections committee. The following mem¬ 
bers are chairmen of subcommittees; 
T. F. Ball, publicity; Mrs. F. Q. Boyer, 
ladies; W. S. Lee, Jr., hotels and registrar 
tion; W. E. Mitchell, finance; F. L. 
Moser, transportation and trips; J. E. 
Sirrine, sports; and C. B. Waddell, enter¬ 
tainment. 

Tentative Technical Program 

Tuesday—9:30 a. m. 

(A) —Symposium on Communication 

Services for Electric Utilities 

OOMMUNIOATION SERVICES EOR ElECTRIO 

Utilities, by O. F. Oraig, American Telephone 
Ss Telegraph Company; B. N, Oonwell, Public 
Service Electric & Gas Company; G. W. Keenan, 
Pennsylvania-New Jersey Interconnection; and 
E. O. Briggs. 

Communication in the Western Division 
OP THE Niagara Hudb n System, by Colonel 
William Kelly, Niagara Hudson Power Cor¬ 
poration. 

Communication Facilities op a Metro¬ 
politan Power System, by P. B. Juhnke, 
Commonwealth Edison Company. 

Communication Services for the New 
England Power Association, by C. A. 
Booker, New England Power Association; and 
M. E. Clark, New England Telephone and 
Telegraph Company. 

Communication Service op the Areanbas 
Power and Light Company, by O. E. Stewart, 
Arkansas-Power & Light Company. 

Tuesday—9:30 a. m. 

(B) —Electrical Machinery 

BSESTADLISHINa EXCITATION OF A LOADED 

Alternator in Parallel with Others, by 
D. D. Higgins and E. Wild, Oommonw^th 
Edison Company. 

The Calculati n op the Constants of 
Stnobronous Machines, by L. A. Kilgore, 
Westtnghouse Electric Sc Manufacturing Com¬ 
pany. 
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Dbtibbmination of Symchbonous Maosinb 
Constants by Tbbt, by S. H. Wright, Westing- 
house Blectric & Manufacturing Company 

Tbansiiqnt OsoiiiIjAtions in Distbibittbd 
Windings, by Xi. V. Bewley, General Blectrlc 
Company. 

Wedn sday—9:30 a. m, 

(C) —Symposium on 

Interconnections 

Intbrconnbctioh SsBYiciBB— ^Thbib ClASST" 
FiOATioN AND EVALUATION, by A. E. Bauhan, 
Public Service Electric &c Gas Company. 

Iktbbconnidction—^Nbw England Distbict, 
by E. W. DUlard and W. E, BeU, New England 
Power Engineering and Service Corporation, 

Thb Pbnnbylvania-Ohio-Widst Vibgihia 
Intbbconnbotion, by H. S. Pitch, West Penn 
Power Company. 

Intbrconnbotion Dbvblopmbnt and Ofbba- 
tion, by G. M. Keenan, Pennsylvania-New 
Jersey Interconnection. 

Wednesday—9:30 a. m. 

(D) ..^Symp 08 ium on Electrical Units 

Intbbnational Standabd of Blbctho- 
motivb Pobob and Its Liow-Tbmpbbaturb 
CoBFFioiBNT PoBM, by Marion Eppley, The 
Eppley Laboratory, Inc. 

DnsiGN OF PotbIttiombthus, by 1. Melville 
Stein, Leeds and Northrup Company. 

Elbotrical Units and Thbir Application, 
by L. T. Bobinson, General Electric Company. 

History of thb Unit of Elbotrical 
Bbsibtanob with Spboial Bbfbrbncb to 
Mbrouby Standards for thb Ohm, by H. B. 
Brooks, National Bureau of Standards. 

Thursday—9:30 a, m. 

(£)»Se88ioii on Automatic Stations 

SuPBRvisoRY Control Systems, by O. K. 
Marti, American Brown Bovori Company. 

Supervisory Control for A-O, Electri¬ 
fied Railroads, by C. P, West, Westtogdiouse 
Electric & Manufacturing Company; and H. O. 
tj^riffith, Pennsylvania Railroad Company. 

Automatic Combustion Control, by O. H. 
Sanderson and E. B. Ricketts, New York 
Edison Company. 

Operating Experibnob with Automatic 
Stations, by P, P. Ambuhl, Toronto Hydro- 
Electric System; and Garland Stamper, Colum¬ 
bia Engineering & Management Corporation. 

Thbbb Years* Opbeating Expbribncb with 
Miniature Switchboard Supervisory Auto¬ 
matic Control, by R. M. Stanley, Byllesby 
Engineering & Management Corporation. 

Thursday^9:30 a. m, 

(F)—Cables 

Economics of Higb-Yoltage Cable, by 
D. W. Roper, Commonwealth Edison Company. 

OhARAOTEBZSTICB of OlL-PlLLBD CABLE, by 

G. B. Sbq-TikUn and P. H. Buller, General 
Electric Company. 

A Complete Oxl^zllbd Cable System— 
Condenser Joints and Terminals, by R. W, 
Atkinson and B. M. Simmons, General O ble 
Corporation. 


Imsulati n Variability—^ItBj^Influbncb in 
Ueterminino Breakdown "V oltagbs, by 
D. C. Holmes, West Virginia University. 

Thursday—2:00 p. m. 

(G)—Research and Selected Subjects 
Technical Committee Reports 

Ektincti n f Short A-O. Abcs, by T. E. 
Browne, Jr., Westinghouse Electric & Manufac¬ 
turing Company. 

A Oorona-Tubb Voltage Bbgulatob, by 
H. W. Dodge and O. H. Willis, Princeton 
University. 

Residual Air and Moisture on Impreg¬ 
nated-Paper Insulation —^III, by J. B. 
Whitehead and F. Hamburger, Jr., Johns 
Hopkins University. 

The Application of the Cooperative 
Method of Instruction to Engineering 
Schools and Polttechnio Institutes, by 
D. O. Jackson, Jr., University of Kansas. 

Arcing Faults on Transmission Systems, 
by J. R. Eaton, Consumers Power Company; 
J. K. Pedc, N. B. L. A.; and J. M. Dunham, 
American Telephone & Telegraph Company. 


C. E. Grunsky to Speak at 
Pacific Coast Convention 

C. B. Grunsky of San Francisco, inter¬ 
nationally known to engineering circles, 
and popular and weU-beloved as president 
(second term) of the American Engineer¬ 
ing Coimcil, will be the feature speaker 
and an honor guest of the forthcoming 
Pacific Coast convention. Thus Mr. 
Grunsky will lend his rare talent to the 
already indisputable attractiveness of the 
convention’s technical program, while 
adding the charm of his own personality 
to the attractive natural beauties of the 
Lake Tahoe region, so sure of appeal to 
the ’‘tired engineer” and his family at¬ 
tending the Pacific Coast’s “vacation 
convention.” 

August 25-28, 1931, are the dates set 
for the convention, carefully chosen to fit 
as nearly as possible the opening dates of 
fall school terms and to permit college 
students to attend without missing classes, 
and families to fit the convention into 
vacation plans without interference with 
the children’s school activities. 

D. I. Cone, chairman of the convention 
teohnical program committee, has an¬ 
nounced that there will be four technical 
sessions, two student sessions, and one 
evening session, promising a particularly 
well-balanced, interesting and timely 
tedmical program. A. G. Jones, ohair- 
man of the convention entertainment 
committee, has reported that the pro¬ 
posed entertainment features include a 
barbecue supper, steamer rides around 
Lake Tahoe, several special features 
designed exclusively for the ladies, and 
participation in a doloifol street show and 
dance put onby the resort village. 


A.S.T.M. to Exhibit 
Testing Apparatus 
and Machines 

For the first time in history, the Ameri¬ 
can Society for Testing Materials will 
sponsor an exhibit of testing apparatus 
and machines in conjunction with its 
fl.Ti-mifl.1 meeting to be held at The Stevens 
Hotel, Chicago, Jime 22-26. This exhibit, 
in which government, institutional, and 
private laboratories are expected to par¬ 
ticipate, will display equipment used in 
the testing of materials and products 
including recording, control, metallo- 
graphic, optical, chemical, p 3 rrometric and 
physical devices, fatigue machines, dis¬ 
tributors, etc., exhibited by the leading 
companies in these fields, as well as by 
foreign companies covering practically 
every phase of the testing field. Another 
unique feature of the exhibit will be 
participation by certain of the society’s 
committees; they have signified their 
intention of showing apparatus developed 
for special committee work, not yet oom- 
merciapUy produced, but developed for 
specific tests and determinations. 


A. A. A. S. and Associates 
Plan Week of Meetings 

Launching the plan of holding annually 
a summer meeting of truly national 
character, the American Association for 
the Advancement of Science, together 
with associated societies, is planning a 
series of meetings, the first of which will 
be held in Pasadena, June 16-20 inclusive; 
the 1932 meeting be in New Haven, 
Connecticut; the 1933 meeting in Chi¬ 
cago; and the 1934 meeting back to the 
Pacific Coast in San Francisco. 

At these meeting, each group extend¬ 
ing over the period of a full week, scientific 
sessions will be confined chiefly to the 
mornings, with the emphasis of the session 
on symposia; afternoons to be given over 
to discussion, personal contacts and ex¬ 
cursions. Both Professor Thomas H. 
Morgan, (Calif. Inst. Tech.) retiring 
president, and Professor Franz Boas, 
(Columbia, Miss.) recently elected presi¬ 
dent of the association, are planning to 
attend the 1931 meetings. 

Special round trip rates will be offered 
by the railroads, making the traveling 
expense from New York and return ap¬ 
proximately S140.00^rom Chicago,$90.00.. 
A preHminary program giving the plans in 
greater detail will become available by 
mail as soon as sufficient information can 
be assembled from sections and affiliates. 
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Summary of 

Some Pittsburgh Discussions 


/^NLY discussion given at the meeting 
and submitted in witing in acoor- 
danoe with A. I. E. E. rules governing it is 
summarized; complete discussion, to¬ 
gether with all papers so approved, will 
be published in the Transactions. The 
titles of the papers and the names of their 
respective authors were published on page 
140 of the Feb., 1931, issue of Electrical 
Enginbbrino. 

Alternating-Gurrent 
Low-Voltage Networks 

Six papers were presented dealing with 
two phases of the network problem. 
Three of these gave attention to what 
might be termed the theoretical or funda¬ 
mental side of the question, while the 
others described new instaUatioiis either 
recently completed or under way. 

Cable Burn-0 fb Characteristics 

W. B. Bullard discussed the subject 
and he believed the most important con¬ 
clusion was that single-conductor buried 
cable of the non-metalHo aomored type 
had better bum-ofiE characteristios than 
the other types of construction tested. 
He also brought out that with the use of 
this type of cable the necessity for good 
bum-oi characteristics might be elimi¬ 
nated. 

W. A. Del Mar discussed this subject 
explaining that there were many 
of non-metallic trench cable being manu¬ 
factured and purchased on various kinds 
of specificatioiis, some of which merely 
describe one t 3 np 6 or another, while others 
are based only on performance tests. He 
expressed the need of coordination in this 
field and advocated a course of procedure 
wherbby thb devising of tests would be a 
joint effort of the operating and manu¬ 
facturing engineers. The designs of ca¬ 
bles to meet these tests should be left 
to the cable maker. 

B. M. Jones discussed this subject from 
the economic standpoint of planning an 
a-c, low-voltage network with provisions 
for sufEicient spare capacity to bum clear 
a fault of the most severe type in the 
weakest spot with any one particular 
supply feeder out of service. 

Arcs in Low-Yoltagb A-C. Networks 

" JW. ;R. Bullard in his discussion of this 
tmbjeet explained that bis experience 
a^;r^d with the statement in the paper 
j^sented that pre-carboxdzation of cable 
Insxd4ti<m destroyed its arc-extinguishing 
features. r 

W. Qt. Dow discfusBed the differences in 


the values of the arc-reignition character¬ 
istics brought out by the two papers and 
set forth reasons for the difference in the 
results. 

T. E. Browne, Jr., discussed “The Re¬ 
ignition of Metallic A-C. Arcs in Air.^' 
He commented on the point that the 
oscillograms were the first obtained that 
had shown directly on a time axis just 
what occurs to the current and voltage 
of a short arc. arc during the elusive- 
current zero period. 

A Primary Network 

E. R. Hendrickson in his discussion of 
the subject inquired if the primary net¬ 
work would represent the correct solution 
for service to a territory of low- or 
medium-load density, where because of 
the importance of continuity of service or 
futiure load growth, a secondary network 
would be required in the future. 

W. R, Bullard in his discussion of the 
subject advocated using a type of system 
which would eliminate the intermediate 
transformation and supply the distribu¬ 
tion transformers directly with generating 
station or transmission terminal sub¬ 
station voltage. Such a system would 
have the advantages of simplicity and 
greater economy. 

H. Richter discussed the paper from 
the standpoint of developments made in 
the apparatus employed. The two 1,600- 
kva. transformers are the largest subway- 
t 3 rpe transformers thus far produced and 
the regulators so far as is known are the 
first of the subway type built in this 
country. 

A. H. Sweetnam discussed the subject 
and the planning which lead up to the 
adaption of a 4,000-volt network system 
to supply a certain area. Estimates were 
made of the relative cost of supplying 
this area by means of a 4,000-volt network 
or the construction of a new substation. 
The economic study was extended to 
cover ultimate load requirements and it 
was found to favor the 4,000-volt network 
system with a saving of io. per cent capital 
investment. 

In contrast to the foregoing paragraph 
H. L. WsiUau discussed a comparative 
estimate made five or six years ago which 
indioated a relative investment of 100 per 
cent for, the radial type vs. from 106 to 
118 per cent for the networked type. 

Q. M. Miller in his discussion of this 
subject explained that the primary net¬ 
work is a long step forward in a scheme 
to reduce investment and operating costs, 
to provide improved service, and give 
greater fieribiHty in handling increases 
inload. 


The Philadelphia A-C, Network 
System 

H. Richter discussed this system and 
drew attention to the length of time re¬ 
quired for transformer secondary fuses to 
clear primary faults. He believed that 
the automatic protector would answer 
this requirement much better than the 
transformer secondary fuses. 

System 

Grounding Problems 

In the session devoted to grounding, 
relaying, and transmission problems five 
papers were presented. One of these was 
in reality a subcommittee report covering 
groundi^ practises. 

System Grounding Problems 

E. C. Stone capably analyzed the 
second report of the subject committee 
on grounding. A comparison with the 
first report of eight years ago indicated no 
radical changes but some interesting 
trends, one of which was toward the 
solidly-grounded system, 

H. M. Trueblood discussed “Reactance 
of Transmission Lines' with Ground 
Return** and analyzed the terms in 
Carson's expression on the hypothesis 
that the earth is of infinite conductivity. 

P. A. Jeanne discussed this paper and 
expressed his beliefs that the method of 
developing the formulas for the zero 
sequence impedance as outlined in the 
appendix is preferable to the method 
given in the main body of the paper 
because it involved only the use of com¬ 
plete ground return circuit impedances. 

C. L. Gilkeson presented a discussoin 
prepared by P. J. Grueter on the same 
paper. One of the pomts discussed was 
the simplifying assumption made in the^ 
development of the method of calculating 
zero-sequence impedance that uniform 
current exists along the length of the 
ground wire. This condition holds only 
when the ground wire is tenninated in 
impedances to ground which are small 
compared to the resistance to ground of 
the tower jootings. Q, Wasohick in his 
disoussion of thi)3 paper also referred to 
the same point.'- 

J. E. Clem discussed ^*Power System 
Voltages and Currents under Fault 
Conditions.’* He suggested a elassifica- 
tion based bn overvoltages for grounding 
systems, or circuits, as follows; solidly- 
grounded, effectively-grounded, non-effec- 
tively-iprounded, and isolated. For this 
dassificatioh certain auxiliary teims were 
defined. 

H. W. Bibber's discussion of tlm paper 
was read by J. B. dem. For th^e who 
wished to go further into the subject in a 
more: detailed and mathematical manner 
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he suggested an article in the May 10, 
1930t Revue OSnerali d'ElectridtS by 
J. Fallou. 

C. A. Powel read Mabel Macferran’s 
discussion on “Simultaneous Faults in 
Three-Phase Systems,” which clearly 
pointed out the practical value of the 
paper. J. E. Clem read a discussion 
prepared by H. W. Bibber on this paper. 
It indicated that Miss Clarke’s methods 
of calculating simultaneous faults on 
grounded systems could be extended to 
include the determination of currents 
and voltages in isolated neutral systems. 

Closing 

Session Discussion 


engine sets for this particular service, such 
as the ease of starting, qtiietness, free¬ 
dom from vibration, and safety features. 

In connection with discussion on “Tele¬ 
graph Power Plants,” Q-. H. Kendricks 
described interestingly some of the early 
power plants of the Western Union Ser¬ 
vice in Pittsburgh and told of some of the 
difdculties encountered. 

OvEHSBAS Telephone Sebvicb 

J. P. Scott discussed this subject and 
inquired as to the total per cent of lost 
time due to all causes; also as to how often 
magnetic storms were usually experienced. 

W. C. Hecht asked how the practical 


operating hours were affected by the 
differences in time of day at the terminals. 

N. S. Hoff inquired as to the steps 
involved and the length of time required 
from the conception of a radio circuit to 
the establishment of actual service. 

In other discussion on this paper W. L. 
Schafer referred to the gains obtained by 
the use of the directive antenna arrays at 
the transmitter and receiver, and inquired 
as to the possibilities of further substan¬ 
tial gains by such means. 

Other equally interesting and pertinent 
questions were asked during the discus¬ 
sion of this paper which was presented by 
F. A. Cowan. 


Engineers’ Economic Conference 
To Be Held by Stevens Institute 


The closing session was devoted to 
“solootod subjects” concerning industrial 
power applications and communication 
developments. 

R. R. Johnson discussed “A Modem 
Electrilied Dahy Plant” and explained 
that the change-over of which the authors 
spoke was conceived approximately sk 
years ago. Another interesting point 
cited was that only five unarranged out¬ 
ages, totaling one hour and three minutes, 
have occurred since the substation was 
installed in 1926. 

One of the interesting points described 
by A. T. Ruttencutter in connection with 
his discussion of the paper was the appli¬ 
cation of the “Blectropure” process of 
pasteurizing milk. B. W. Faber also 
discussed this paper and inquired if the 
pasteurizing of inilk increased the quality 
of the milk. 

J. L. Woodbridge discussed “Power 
Supply for Telephone Systems” and 
described the developments in the design 
and application of the storage battery for 
this service. I. R. Smith in his discussion 
of this paper described and illustrated 
with lantern slides the development of the 
dry disk copper oxide or Rectox rectifiers 
for the various applications described in 
the paper. Efficiency and life test per¬ 
formance curves for these units were also 
shown. 

K. C. White discussed “Power Supply 
for Telephone Systems.” He explained 
that the Pennsylvania Railroad had 
applied several of the power plants 
described in the paper to a rather exten¬ 
sive dial telephone system in the Western 
Pennsylvania and the Eastern Ohio areas. 
These automatic power plants have 
greatly reduced the maintenance required 
resulting in a smaller operating personnel, 
better voltage regulation, longer battery 
life, and practically fool-proof operation. 
R. L. Dunlap in connection with the dis¬ 
cussion of this paper described the ad¬ 
vantages accruing from the installation of 
some of the 72' automatic power plants 
installed in the Pittsburgh territory. 

0. S. Alt discussed this paper as well as 
♦‘Telegraph Power Plants.” He described 
the speciid requirements for emergency 


A n ECONOMIC couferenoe for engi¬ 
neers will he held from Aug. 30 
through Labor Day, Sept, 7,1931, at the 
engineering camp of Stevens Institute of 
Technology near Johnsonburg, Warren 
County, New Jersey. The engineering 
alumni of Columbia University and the 
alumni of Stevens, under whose joint 
auspices the conference will be held, will 
welcome to the camp graduates of other 
colleges and younger members of the 
national engineering societies. The hours 
for lectures, conferences, and round-table 
discussions by some of the leading econo¬ 
mists and engineers of the country are to 
be scheduled so os to permit the men in 
camp to make full use* of the camp’s 
unusually good facilities for land and 
water sports. 

The serious part of each day’s program 
will have two main elements: in the 
morning the lectures and discussions wiU 
deal with “The Dollar Factor in Engineer¬ 
ing,” or “Technique in Calculations 
Involving Moneyat the open forum md 
round-table discussions in the evening, 
elements in depression, and seasonal and 
cyclical fluctuations will be considered. 
The Carnegie Corporation, on the r^m- 
mendatioh of the American Association 
for Adult Education, has endorsed the 
project through a grant of SI,600. 

The Economic Paotob in Engineebing 

Lectures and conferences scheduled for 
the morning hours will be under the direc¬ 
tion of William Duane Ennis, head of 
Stevens* department of economics of 
engineering who will be assisted by 
members of the Stevens and Columbia 
faculties. In his outline of the subjects 
to be dealt with Prof, Ennis remarks that: 

Every enginieer knows that a pohit is readiad 
In his problem where commercial factors, so- 
calledf must receive consideration. Too often 
froni this point the problem is relegated to 
another than the engineer; perhaps to a lawyer, 
perhaps to a “buslnoss man.’^ No sufficient 


reason for this exists. There' is a body of 
principles underlsrlng the evaluation of com¬ 
mercial factors Just as there is a mass of doc¬ 
trine back of engineering factors. In tlie 
setting of an interest rate, no less than in tli 
determining of a stress, there is a mass of facts 
p.nH coordinations, not scientific, perhaps, but 
nevertheless organized. The conrse propos d. 
for the coming summer alms to develop some 
of the principles which are fundamental in 
applying money factors to engineertog problems. 

The Business Ctclb 

lu addition to the morning series of 
lectures and seminars on the “money 
factor” in engineering, the economic 
conference is planned to include eight or 
TI 1 TIA evening lectures and round-table 
discussions on the business cycle. Four 
major questions of business depression are 
proposed for consideration: 

1. What is the most significant statistical 
description of what has happen d since the fall 
of 1929? 

2. What statistical approach looks most 
hopeful for forecasting or for starting a public 
works program? 

3. What is the most significant explanation 
of what has happened? 

4. What to do ab*out it. 

The first two questions, bringing out a 
description of a period of depression, wiU 
be discussed by leading financial and 
government analysts. The third will be 
submitted to investigators in theoreti^l* 
economics associated with university 
faculties and research staffs of private 
corporations. Under the fourth topic, 
emergency relief, industrial stabilization, 
unemployment insurance, and long-range 
planning will be debated by men who have 
been actively engaged in solving snob 
problems for industrial organizations and 

civic committees. ^ . x-u- 

Engineers interested m attending this 
conference should communicate promptly 
with Stevens Institute of Technology* 
Hoboken, New Jersey- Accommodations 
at the camp are limited. 
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Mining Engineers 
Report Upon Russian 

A MBRICAN engineers considering em- 
ployment in the United States of 
Soviet Russia are face to face vdth a stern 
situation according to an exhaustive re* 
port presented to and approved by the 
board of directors of the American 
Institute of Mining and Metallurgical 
Engineers March 20, 1931. The investi¬ 
gation was authorized by the A. I, M. E. 
board of directors Nov. 21, 1930 and the 
report was published on pp. 207-8 of 
Mining and Metallurgy for April 1931. 
The following excerpts are taken from the 
published report: 

GbNBEAL OsSERtATIONS 

“The government in Russia is under¬ 
taking an experiment completely at vari¬ 
ance with accepted American procedure 
by methods wholly contrary to American 
ideals. The country has a form of 
government comparable with the most 
drastic type of martial law as Americans 
understand that term. Industrial con¬ 
scription forces every individual into 
service. 

“The Soviet Government is seeking to 
industrialize in the next few years a back¬ 
ward country under a program which, if 
completed, will place Russian industrial 
production on a plane with or above the 
present production of the United States 
in the major basic industries—a plane 
which has been attained only by decades 
of orderly progress. The first step of 
their program is the Five-Year Plan now 
in course of execution. The Soviet Gov¬ 
ernment proposes to accomplish its aims 
not through private initiative, but through 
direct government action. . . . 

“The success of the plan is absolutely 
essential for the continuation of the Soviet 
regime and nothing—^not even human life 
—^is a harrier to their efforts to force the 
plan to success. A wholly artificial con¬ 
dition of living has been created. Indi¬ 
vidual initiative and the reward for effort 
are completely submerged under despotic 
discipline and drastic penalties. . . . 

Living Conditions 

“Food, generally speaking, is scarce; 
some, of very poor quality. It is ex¬ 
tremely expensive unless bought at gov¬ 
ernment stores with a government food 
card. While conditions are not uniform 
throughout Russia, in Moscow and Len¬ 
ingrad long lines of people are obliged 
to stand in front of these stores waiting 
to enter... . , 

“Individuals proceeding to Russia at 
this time must be prepared to assume the 
rol^ of pioneers, s., staind hardships and 
discomforts notmet^ritlin^otherpountrijss. 
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Living Conditions 

Suoh conditions can be tolerated by some, 
but others will find them unbearable. 
They may find themselves impaired in 
health, become discouraged and unhappy, 
resulting in regret for their decision to 
leave a peaceful civilized country despite 
the opportunity for more pay than now 
attainable at home. Without question, 
an engineer should not take children into 
Russia. Most people familiar with con¬ 
ditions there strongly advise agaiiist the 
taking of wives, unless they be strong, 
healthy, robust individuals, accustomed 
to discomforts and inclined to enjoy over¬ 
coming difficulties and the fighting of 
adverse conditions. 

“It would be well before accepting em- 
plo 3 anent to confer with several engineers 
who have worked in Russia under com¬ 
parable conditions. 

Lbqaii Status and Personal Safety 

“An individual accepting employment 
under the Soviets must appreciate that he 
is working for an autocratic government. 
The United States has no diplomatic 
relations with Russia and there is no 
United States ambassador or consul to 
whom he can appeal if he feels himaftTf 
wronged. 

“Adequate reasons may develop for the 
breaking of a contract, but still the gov¬ 
ernment has the arbitrary power to take 
away passport and food card, and/or 
prevent the employee from leaving the 
country. In such case great difficulty 
may be experienced in subsisting. The 
engineer may be fined or forced to do 
menial work in punishment for alleged 
breaking of his contract. 

“Up to the present foreigners have been 
safe in Russia, but will this continue to be 
the case? Fear is entertained that if the 
five-year plan should not eventuate as 
represented to the people, or if some 
plant or installation should fail to deliver 
anticipated results, the Soviets will seek a 
“scapegoat.^* If so, who would be more 
suited to that role than the foreign engi¬ 
neers in charge of that particular piece of 
work? Many people have been executed 
or imprisoned as “scapegoats.” So far 
as we know, the victims thus far have 
been Russians; but should desperate 
conditions arise, may not summary treat¬ 
ment be extended to the foreign ele¬ 
ments? . . . 

“What would be the position of a mem¬ 
ber of the profession upon return to the 
United States? . . . Is the experience 
to be gained in Russia apt to be useful? 
From numerous directions we hear of a 
lack of organizatiou, of changing of plans 
on the whim of some committee, iateirupH 
tion of operations because some official 


considers another piece of work of more 
importance. The engineer in charge can¬ 
not on his own authority discharge or 
dispense with the services of his subordi¬ 
nates. It is doubtful if work carried on 
under suoh conditions provides experience 
an American engineer can capitalize upon 
his return home, and it may even depre¬ 
ciate his effectiveness as an executive. 

Recommendations Conoebninq Service 
Contracts 

“So far we have only enumerated some 
of the conditions in Russia that suggest 
points to be considered (by an engineer) 
when deciding to accept employment in 
that country. If he decider that his par¬ 
ticular situation is such that he must accept 
Russian work regardless of the known un¬ 
favorable conditions, then he should if pos¬ 
sible give preference to employment with 
some large American contractor or engi¬ 
neering firm, rather than attempt an indi¬ 
vidual contract with the U. S. S. R. . . . 

“While the matter of performance of an 
emplo 3 anent contract by the Soviets is a 
matter of faith, on account of the impos¬ 
sibility of brmgmg any dispute before an 
American court, still as far as we know 
they have thus far shown a disposition to 
live up to the letter of the contract. This 
being so, it becomes important that the 
contract terms should embrace every 
possible contingency. No dependence 
whatever should be placed on verbal 
statements or assurances. It has been 
found repeatedly that assurances made 
here have no force whatever when the 
employee arrives in Russia. 

“Whether going as an individual or as a. 
member of a group, one should see that 
the following points, among others, are 
provided for: 

*' (a) Adequate provlsioii for flrst-dass trans¬ 
portation and expenses from America to place of 
employment and return. 

**(b) ... He should insist on receiving as 

large a portion as possible, certainly not lees 
than 50 per cent of his remuneration, in doUars 
to be deposited or paid as directed in the United 
States. It must be remembered that foreign 
money can be brought out of Russia only to the 
extent to which it was taken in, less the amount 
the authorities decide he should have spent while 
in Russia. After residing in Russia for a certain 
length of time, no foreign money can be taken 
out. While a certain amoimt In Russian cur¬ 
rency can be sent out. It has only a greatly de¬ 
predated value In foreign countries. 

“(c) .. . . Visitors to Russia are required to 
spend a certain nrlnlTmim per day and the en¬ 
gineer diould inform himself to what extent 
these regulations apply in his case. 

“(d) A non-resident citizen is subject to our 
Federal income tax, but should be tree from 
taxation by the Soviet Govemment on amounts 
deposited in this country to the dtizen's credit. 

^ A definite understanding should be had as to the 
amount of taxes on salaries paid in Russia, as 
well as on all other taxes. 

“(e) Provision of living quarters, domestic 
servants, water, heating, light, cooking and 
sanitai^ arrangements, either free of charge or 
at a definite itrice^ 
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“(f) Fuel for beating and cooking and price 
thereof. 

“(g) Supply of food and privilege of pur¬ 
chasing food, cLothlng and other supplies at 
commissaries established for foreign diplomats 
and engineers. 

“ (h) Privilege in regard to the taking in and 
Importing into Bussia later of foodstuffs, cloth¬ 
ing. toilet articles, etc., free of duty coupled -with 
guarantee of arrioaL 

“(i) Outlining of duties and responsibilities 
of service to be renderd. 

“(j) The conditions under which employees 
ar privileged to resign with safe conduct and 
expenses back to the United States, etc. 

“ (k) Discontinuance at one job not to give 
Soviet the privilege of transference to another. 

“(1) Yaiioiis Soviet industrial organizations, 
operating through the Amtorg Trading Corpo¬ 
ration In New York, engage American engineers 
and technicians to work in Bussia. As there are 
no relations between the government of the 
United States and that of the Soviet Union, the 
signature of the Ajoitorg for itself as an American 
corporation should always he obtained to any 
contract. 

“The foregoing observations should be 
regarded only in the light of general sug¬ 
gestions. They are intended to call at¬ 
tention to the unusual oiroumstanees 
surrounding the Russian situation; each 
case will require more individual treat¬ 
ment than is possible in a general report. 
—Respectfully submitted, Henry Krumb, 
chairman; Lucius W. Mayer, /. V. W. 
Reynders, Edgar Rickard,*^ 


Electric Steam Generator 
For Sterlization Processes 

Packed heat from a new type of electric 
steam generator displaces steam from 
high-pressure mains, it is declared by 
Howard Bidwell and Linus H. Jones of 
the Massachusetts Agricultural Experi¬ 
ment Station, Amherst, in a report to the 
American Chemical Society. 

“The new electric generator,” the 
report says, “is applicable for use with 
hospital sterilizers, pressure-cooking re¬ 
torts, or itt any industrial process where 
a large quantity of steam is necessary for 
a short period of time. 

“There are many processes in the 
scientific and industrial fields that require 
large amounts of steam for periods of 
short duration. High-pressure steam is 
expensive and its cost is becoming so 
excessive that this method is almost 
prohibitive during the non-heating 
months. There is also a labor cost if the 
law of the state demands a licensed 
operator. 

“This generator has a reservoir in which 
beat is packed and stored. The result is 
that within thirty seconds from the time 
of olosmg the autoclave the required 
sterilizing pressure is registered. This 
may be obtained at any time by throwing 
a switch and opening two valves. 


“The principle employe^ in the action 
of this boiler is that law of physics which 
governs the varying boiling points of 
water under different pressures. De¬ 
pending upon the water capacity of the 
generator, krespective of the steam space, 
any desired volume of steam at a lower 
pressure can instantly be made available 
by suddenly relieving the pressure on 
the generator. 

“The use of fuel or electric steam 
generators that build up a sterilizing 
temperature in a retort decreases the 
working efficiency of the autoclave and 
its attendant. Time consumed in heating 
and cooling a large volume of water means 
time lost. The most satisfactory method 
is that which gives a sterilizing temperSr 
ture immediately and allows one to stop 
the supply of heat as soon as the charge 
been sterilized. The new electric 
steam generator gives aU that can be 
desired as a source of steam and heat.” 


Saluda Completed 
To 162,500 Kva. Capacity 

Completion of the Saluda development 
of the Lexington Water Power Company, 
subsidiary of the Associated Gas & Elec¬ 
tric Company, injects another important 
factor into the industrial power situation 
of the southeastern states. The instaHar 
tion is on the Saluda River nine miles 
above its junction with the Broad River 
at Columbia, S. C., where a 7,838-ft. 
earth dam with its crest at EL 372,208 ft. 
above the river bed forms the Lake 
Murray reservoir which is 41 mi. long 
and 14 mi. wide at its widest point. 
With an area of 78 sq. mi. this reservoir 


The present installation which repre¬ 
sents two-thirds of the expected ultimate 
plant capacity includes four 40,625-kva., 
0.8-power-faotor, 13.8-kv., three-phase, 
60-oyole, 138.6-rev. per min. vertical 
generators direct-connected to 55,660-hp. 
Francis turbines, designed to develop 
full rated horsepower at 180-ft. he d with 
full gate opening. The generators are of 
the single-bearing overhung-rotor type, 
having a thrust and a steady bearing in 
the same oil pot beneath the rotor. 

At the present time, surge tanks are 
installed only for units Nos. 1 and 3, 
which units it is intended will do the 
regulating for the plant with high-speed 
governing equipment, whereas units 
Nos. 2 and 4 are expected to run prac¬ 
tically at constant load with slow-speed 
governing. 

The plant output is stepped up to 
126.6 kv. through 40,000 kva. out¬ 
door transformer banks at the plant, 
and carried approximately a thousand 
feet down the stream to the high-voltage 
switching substation whence it is dis¬ 
tributed throughout the interconnected 
Associated Gas & Electric system. 

Engineers for the project were Murray 
& Flood, and W. S. Barstow & Company, 
Inc.; Albert S. Crane warS consulting 
engineer. Designs for the dam, conduits, 
intakes, surge tanks and spillway were 
made by the J. G. White Bngineerii^ 
Corporation, and the designs for the 
power house and substation were worked 
out by W. S. Barstow & Company, Inc. 
The dam, oonduits, and intakes were 
built by the Arundel Corporation, and 
the power house, spillway, and substar 
tion, by W. S. Barstow <& Company, 
Inc. The steel-pipe oonduits were fui> 
nished by the Reeves Brothers Company; 
the penstocks and surge tanks by the 
Chicago Bridge & Iron Company; the 



Artists sketch of Saluda development in South Carolina 


has a capacity of some 2,340,000 acre ft.,, 
which is said to represent 200 million 
kw-hr. at normal rates of withdrawal 
under average conditions. At its base 
at the poT^'er house the dam is 098 ft. 
thick; 1,160 ft. thick at its base at its 
TTifl.YiTmmn point, and contains 11,000,000 
ou. yd. of earth fill. 


intake gates by Phillips & Davies, Inc.; 
the turbines, butterfly valves and Radial 
gates by the S. Morgan Smith Company; 
the turbine governors were built by the. 
Woodward Governor Company; the 
generators by Westinghouse Electric & 
Manufacturing Company; and the trans¬ 
formers by General Electric Company 
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special Laboratory Lighting ^t Penn State 



A N UNIQUE and important improve- 
^ ment in laboratory lighting was 
demonstrated recently in the completion 
of a new building at Pennsylvania State 
College. In this, lighting is provided by 
direct prismatic glass globes, the lower 
half of each being color-correcting, 
blending Well with daylight and entirely 
satisfactory for night use. SnfBlcient 
unmodided light passes through the 
upper half of the globe to illumme the 
ceOing, and overbalance the unfavorable 


N. E. L. A. Annual 
Convention June $-12 

The Atlantic City Auditorium and 
Convention Hall will be the headquarters 
of the fifty-fourth annual gathering of 
the Nation^ Electric Light Association. 

The convention will open officially 
June 8| although the registration desk wiU 
be active June 6 and 7; the exhibition 
Monday, June 8, at 9 a. m., continuing 
daily throughout the convention dates. 
Special features of the convention’s pro¬ 
gram will be a ^^national employee speak¬ 
ing contest’ ’ op Monday with award of the 
prize on Thursday. On Tuesday^ June 9, 
there will be a ^’seaview day” for the ladies* 
A diversive program fitted to this special 
season but in no way neglecting technical 
values will be offered by this convention. 

Purdue University 
Receives Airport Site 

In proof of his faith in the future of 
aeronautiioB and as another evidence of 
his foresight for Purdue University, 
David E. Boss, president of the board of 
trustejss of the university, has purchased 
and deeded to the university three tracts 
of land totaling 167 acres, to be developed 
as a Purdue auport. The tract which is 
level and free of trees lies half-mile 
soulhwest of the campus, and adjoins 
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appearance at night of daylight lamp 
equipment, at the same time in no 
way interfering with the identification 
of colors in specimens being studied. 
With this type of fixture 300-watt 
lamps with approximately 11-ft. centers 
produce an intensity of from 18 to 20 
foot-oandles on the tables. . . . (Con¬ 
tributed by Prof. D. L. Markel, State 
College, Pa., through the A. I. E. E. 
committee on the production and appli¬ 
cation of light.) 


Edgewood farm owned and operated by 
the university. This if it were found 
desirable tp do so at a later date could be 
used as port of the landing field giving 
a combined tract of 317 acres on level 
land. 

The area purchased by Mr. Ross has 
been officially inspected by represents^ 
tives of the U. S. Department of 
Commerce and received high approval 
for air(u:aft purposes. Adequate mark¬ 
ings have been placed for the new airport 
and the field has been indnded in the new 
airport map of this region prepared by 
the Department of Commerce. 

Triennial Montefiore 
Prize Award Now Open 

Constitating interest on 150,000 
Belgian francs, distributed trienniaUy in 
international competition for the best 
original work presented on scientific ad¬ 
vancement and progress in technical 
appKcation of electricity in every field, 
the Montefiore prize award now is open 
again to candidates. 

To be eligible an achievement must 
have been made public at some time 
duxmg the three years immediately pre¬ 
ceding the period of award. Papers 
either signed or anonymous are aceept- 
ble in manuscript or reprint form; they 
must, however, have been edited in either 


French or English; also, all manuscripts 
must be typewritten. 

By a four-fifths vote of the hoard of 
examiners composed of five Belgian and 
five other electrical engineers, one-third 
of the amount available may be desig¬ 
nated as an unsecured loan to a person 
whose work does not fall completely 
within the ritual of the governing program 
but which demonstrates a new thought 
in connection with development of im¬ 
portance in the sphere of electricity. 

Can You Supply 
These Transactions ? 

The engineering department of the 
University of Tennessee, through its 
trustee Paul J. Exuesi, is makiug an 
appeal for the following back volumes of 
A. 1. B. E. Transactions: 

1884^7 (inclusive of vols. I, II, III 
and IV; vols. I and III 
desired if available in sepa¬ 
rate unbound form) 

1887- 88 (voLV) 

1888- 89 (voLVI) 

Mr. Eruesi will be grateful to anyone 
willing to spare these copies to complete 
the University’s library records. Ad¬ 
dress Miss Laura Kersey, Librarian, 
Engineering Library, University of 
Tennessee, Knoxville, Tenn. 

Outdoor Generators 
For New Bagnell Dam 

First shipments on an order for 
waterwheel generators to be used at 
the new Bagnell Dam on the Osage 
River, Missouri, are being made from 
the Westinghonse Electric and Manu¬ 
facturing Company, E st Pittsburgh, 
to the Union Electric Light and Power 
Company, St. Louis, Mo. The six 
generators are of the so-called out¬ 
door type and wiU be built into the 
foundation of the spillway.* Instead 
of the usual power house, the units will 
simply be covered with large oast iron 
lids which may he removed as desired 
by a large traveling crane. Only the 
controls will be housed inside of rooms 
built into the wall of the dam. 

In operation the generators will become 
a part of the 201,000-hp. devebpment 
on the Osage, the Bagnell Dam being 
a structure 148 ft. high from bedrock to 
highway and forming a reservoir 129 
mi. long with an area of 95 sq. mi. aind 
1,300 mi. of shordine. In the develop 
ment of this reservoir it has been found 
necessary to move an entire town four 
miles to higher ground. The Bagnell 
Dam is located 130 mi. southwest of 
St. Louis. 
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Education Research 
Committ e Established 

Engineering education during the past 
decade has received much serious atten-- 
tion from engineers, educators, industri¬ 
alists, philanthropio foundations, and 
various government agencies. Through 
the Society for Promotion of Engineering 
Education, Engineering societies have 
cooperated with engineering colleges and 
because of the interest expressed by its 
founder societies and the need for help in 
prosecuting the work which the Education 
society has had in hand, the Engineering 
Foundation has devoted much energy to 
the subject. Encouraged by discussion 
at its recent meetings and conferences 
which were attended by many men promi¬ 
nent in education, industry, and engineer¬ 
ing, and advised by a small group of 
educational research men, the Foundalion 
established an education resec^ch com¬ 
mittee: 

Harvey N. Davis (chairman), presideiit of 
Stevenslnstitateof Technology; A. S.M. B. 

Walter P. Wblttemore, Hotel Woodstock, 
New York; A. S. O.B. 

wmiarn B. Plank, Lafayette OoUege; 
A.I.M.M.B. 

Harold B. Smith, Worcester Polyteehnlo 
Institute; A. I, E. B. 

Robert 1. Bees, assistant vice-president 
Telephone and Tel^praph Company; 
Society for Promotion Bngineerbig Bducatlon. 

Alfred H. White, professor of chemical engi-* 
neering, University of Michigan; A. I* O. B. 

B. Stevenson, Jr», General Blectvic 
Company, Sriienectady, New York; The Engi¬ 
neering Poundatlon, 

This committee was charged with 
ascertaining the attitude of the engineer* 
ihg societies toward a project to comprise: 

(a) Fundamental research in engineering 
education. 

(b) Vo<»tIonal guidance, especiaUy for 
youths In preparatory schools, indading book- 

lets giving information about engineering. 

(c) Empirical investigations of objecttve 
twts and comprehenstve examinations. 

In preparation, for outlining a project 
of reason ble dimenrions the oommittee 
is Tnalring a preliminary study of: 

(1) Placement of graduates of secondary 
s^^ools (and other young persons) in engineering 
colleges. 

(2) Obiective tests, for various purposes. 

(S) Placement of engineering college gradu¬ 
ates in industr^and burinew^ 

May mi 


(4) Correction of the maladjustment of 
certain students and graduates to their social 
and other environments. 

(6) What Engineering Foundation can do to 
be to engineering what the Chemical Foundation 
has been and Is to chemistry, in extending the 
public’s knowledge and appreciation of engineers 
and their work. 


SkanJards 


I. E. G. Announces Revision of 
Eiectrical Machinery Rules 

Final approval of the I. E. C. Pvhlica^ 
tion No. $4 containing the revised I. B. C. 
rules for electrical machinery was given 
by the U. S. National Committee of the 
International Eleotrotechnioal Committee 
at a meeting held February 6, 1931. In 
its present form this publication was 
drawn up at the I. E. C. plenary meeting 
held at Oslo in July 1930; it represents, 
however, the culmination of ten years of 
continuous effort, during which time it 
has been the subject of debate at seven 
formal international I. E. C. meetings. 

The revised publication represents the 
agreement of national committees of the 
I. E. O. in more than a dozen countries, 
and constitutes an international consensus 
of opinion oonoeming the more usual 
req,uirements of electrical maohiuery 
standards girnilar to those now a part of 
the various national standards, such as 
the A. I. E. E. Standards in the United 
States,.the B. E. S. A. Standards in Great 
Britain, and the V.B.B. in Germany. 
It ooversallsizes of transformers androtat- 
ing ^ectrioal machines except traction 
motors, and supersedes the 1920 edition. 
Other I. B. C. Standards publications 
include the following: 

Number TlHe Pvice 

27. Hxtemational Symbols (first part) 

Letter Symbols.$0.60 

28. lutematlonai Standard of Reris- 

taacefor Copper.0.60 

$4* I. E. C. Rules for Eleotrleel 

Mecbinery. .♦ 1*00 

86. International Symbols (second 
P 9 xt) Grapbical Symbols for 


Heavy-Current Systems.1.00 

37. Standard Dimensions of Bayonet 

Lamp Sockets and Caps. 0.26 

88. I. B.O. Standard Voltages.0.26 

89. International Rules for Traction 

Motors.0.26 

41. I. E. O. Publication on the Testing 

of Hydraulic Turhinee. 0.60 

4$. I; E. O. Bmmmendatlong tor 
Alternating Current Watt-Hour 

, Mrter,.. ..® 

44. I.-!!. O. »ecojnm«nd*ttoM f<* 

IMmihehtTrahsformera.0.60 


Copies of any of these publications may 

be ob^ed from the secretary of the 


U. S. National Committee, I. B. C., 
33 West 39th Street, New York, N. Y. 
They may be obtained also from the 
central office of the commission by ad¬ 
dressing Mr. C. le Maistre, 28 Victoria 
Street, London, S. W. 1, England. In 
ordering this literature it is essential that 
the request be accompanied by the 
proper remittance. 


How to Obtain the 
New Standards Yearbook 

The 1931 volume of the Standards 
Yearbook compiled by the National 
Bureau of Standards and contwning 
authentic and carefully investigated in¬ 
formation on (I) Standardization in 
transport (in symposium form); (II) In¬ 
ternational. standardizing agencies; (111) 
National standardizing agencies; (IV) 
Federal standardizing. agencies; (V) 
National Bureau of Standards; (VI) 
Municipal, county, and state purchasing 
agencies; (VII) General standardizmg 
agencies; (VIII) Standardizing activities 
of technical societies and trade associa¬ 
tions; (IX) Bibliography on standardiza^ 
tdon; and (X) a complete Index, is now oft 
the press. In the transport division (I) 
falls such facts as relate to research and 
experiment iu aviation, automotive, and 
highway development and safety; rail¬ 
roads, pipe lines, elevators, marine 
navigation, speech and‘power transmis¬ 
sion, and other important government 
activities. The volume also reports an 
^>.■^ 1111^1 bibliography on standardization 
prepared by the library of Congress. 
The price of the book for domestic 
distribution is $1.00; it is obtained by 
addressing the Superintendent of Doc¬ 
uments, Government Printing Office, 
Washington, D. C. 


New Standards Data*— A. new com¬ 
pilation of data entitled, “Measure-, 
ment Units and Standards,** has been 
issued recently by the American Institute 
of Weights and Measures; a copy of tto 
book may be obtained gratis by applying 
to • the Institute, William B. Bullock, 
secretary, 33 Rector Street, New York. 
In addition to the data on units md 
standards, the book contains an article 
recommending iimox and spacox as names 
for the Einstein specialization of basio 
time and space. It also contains a 
description of the difference between a 
unit and a standard, prompted by the 
lack of unanimity existing in reference 
publications. 
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High British Award 
to Francis Hodgkinson 

Feancis Hodgkinson (Asso. *02), ooe- 
suiting meolianical engineer for Westing- 
house Electric & Manufaoturiiig Com¬ 
pany and well known in marine circles 
for his many contributions to efficiency by 
improvement of steam-driven machinery 
and electrical apparatus, has received the 
Willans Premium, a high British engi¬ 
neering honor awarded by the Institution 
of Mechanical Engineering, London. 
The award was given for the best paper 
published in the Proceedings of the 
Institution from 1925 to 1930 inclusive, 
and is being forwarded to Mr. Hodgkinson 
in the form of a gold medal. His prize¬ 
winning paper was entitled ‘‘Journal 
Bearing Practise.*’ 

The Willans Premium which may be 
awarded in the form of medals, books, 
or cash as the council may determine, 
was established 1897 to perpetuate the 
name of Peter William Willans for ser¬ 
vices rendered engineering and electrical 
science. It is awarded alternately by the 
Institution of Mechanical Engineers and 
the Institution of Electrical Engineers, 
for the best original paper coming before 
either institution, and dealing with— 
utilization and transformation of energy 
treated especially from the point of view 
of efficiency and economy. The award 
is made triennially, but may be carried 



FRANCIS HODGKINSON 

over according to the judgment of the 
governing board. 

Mr. Hodgkinson was associated with 
the late Sir Charles A. Parsons in early 
experiments and turbine developments in 
England. Following a term in the Chilean 
Navy and engineering work ia Peru, he 
became associated with the Westinghouse 
company in 1896 when Ceorge Westing- 
house was introducing the Parsons tur¬ 
bine in this country. When the South 
Philadelphia works were established in 


1916, Mr. HcQgkinson was chosen chief 
engineer and in 1926 was advanced to the 
office of consulting mechanical engineer 
for' all branches of the Westinghouse 
company. 


Dr. Luckiesh Honored 
by Optometry Foundation 

For his contributions in “constructive 
ideas for optometric research'* Doctor 
M. Luddesh (Mem. *16) has been 
awarded a fellowship in the Distinguished 
Service Foundation of Optometry, Cleve¬ 
land, Ohio. The Foundation contends 
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that through his many papers and 
lectures presented before the Optometric 
Association, Doctor Luckiesh has promul¬ 
gated the understanding by the opto¬ 
metric profession of the part lighting plays 
in the conservation of eyesight. 

The Distinguished Service Foundation 
which was established in Boston, March 
1927, has as its purpose effort “to provide 
an agency for encouraging research, 
inventive and experimental work by 
practising optometrists, physiologists, 
physicists, illuminating engineers and 
others, to award gold medals and fellow¬ 
ships for such research and scientific 
attainments, and to encourage and aid 
men and women of marked proficiency to 
discover knowledge which that will benefit 
human vision.** 


Jamfs W. Welsh, (Pel. *14) who in the 
fall of 1929 became identified with the 
Cleveland Railway Company as assistant 
to its president, has resigned to come to 
New York to establish his own organiza¬ 
tion of traffic consultants. After seven 
years as executive secretary of the Ameri¬ 
can Electric Railway Association Mr. 
Welsh went to Cleveland a nationally 
recognized authority on electrical engi¬ 
neering and traffic problems, and a 


specialist in traffic engineering. He has 
devoted his time to studies of proposed 
coordination of rapid transit and surface 
hues, and the application of zone-fare 
principles to the Cleveland Railway 
system. By the president of that system 
he is accredited with having made possi¬ 
ble the speeding up of surface lines and 
the realization of substantial operating 
economies. Mr. Welsh contends that 
the continued growth and development of 
oxLT cities depends as much upon the 
efficient use of existing transportation 
facilities as upon the provision of addi¬ 
tional ones; that we should be sure we 
are getting 100 per cent use from these 
facilities before assuming additional bur¬ 
dens. In 1924 he was a member of a 
special committee which studied Euro¬ 
pean transporation conditions for the 
American operators of electric railways. 


0. S. Petees (Assoc. *11) for many 
years conspicuous by his achievements as 
an inventor of electrical devices, has been 
made the recipient of the John Scott 
bronze medal for the invention of a tele¬ 
meter for recording strains and pressures. 
The invention may be said to be the 
outgrowth of ten years* effort in techni¬ 
cal research work with the Bureau of 
Staudards. The instrument has been 
in commercial use for a number of years 
and has proved its value in an extended 
field of utility. Mr. Peters, after the 
completion of his technical studies at 
Montana State college, returned the fol¬ 
lowing year as instructor in electrical 
engineering. His term of service with 
the Bureau of Standards was from 1910 • 
to 1918, as assistant physicist. 


A. W. Leonard, (Mem. *29) connected 
with Stone & Webster interests for the 
past 36 years, and president of the Puget 
Sound Power & light Company, Seattle, 
retired 'from the presidency April 1 to 
assume the chairmanship of the board of 
directors of the parent organization, the 
Engineers Public Service Company, with 
offices in New York City. His predeces¬ 
sor in this capacity was Charles W. 
Kellogg, (Mem. *23), who has managed 
the Stone & Webster properties for an 
extended number of years, and who is 
now retiring after a most successful 
record. 


B. A, Bbheend (Fel. *12) of Wellesley 
Hills, Mass., has ^ust had the honorary 
degree of doctor of engineering conferred 
upon him by the University of Darmstadt 
“for meritorious work in the construction 
of induction machines.** Mr. Behrend 


378 


Electrical Engineering 




has gained prominence in the American 
engineering world boti. by the assistance 
he has rendered the Institute in the past 
with his work on its committees and by 
his various other worthy engineering 
affiliations. He is at present carrying on 
a successful consulting engineering prac¬ 
tise of his own at Wellesley Hills. 


Donald M. Simmons (Fel. '28) chief 
consulting engineer of the General Cable 
Corporation, New York City, has been 
elected president of the Insulated Power 
Cable Engineers* Association. Other 
officers are T. F. Peterson, cable engineer 
of the American Steel <& Wire Company, 
New York, vice-president, and R. J. Wise¬ 
man, (Fel. *27) chief engineer of the 
Okonite Company, Passaic, N. J., secre¬ 
tary and treasurer. The retiring officers 
are G. M. Haskell, president; W. A. 
DelMar, vice-president; and H. G. Burd, 
secretary and treasurer. 


L. J. Bouhke (Assoc. *23) for the past 
several years assistant to William H. 
McGrath (Mem. ’20), vice-president of 
the Puget Sound Power & Light Com¬ 
pany, Seattle, received appointment 
effective March 1, 1931, as manager of 
the company’s southern district at 
Chehalis, Washington. Homer R. Chitty, 
Jr. (Assoc. ’28), who has held office as 
manager of that district for some time 
past has been transferred to Tacoma in 
charge of the southwestern district of the 
company. 


L. A. S. Wood (Mem. ’24) manager 
of exterior lighting section, Westinghouse 
Electric & Manufacturing Company, 
Cleveland, Ohio, has been given complete 
charge of a new division centering all 
lighting activities of the company into a 
movement of coordination at the Cleve¬ 
land works. This concentration repre¬ 
sents the culmination of a nucleus plan 
made when the Westinghouse lighting 
activities first were established in 
Cleveland. 


Clarence A. Mato (Assoc. ’13) elec¬ 
trical engineer of the Malden Eectric 
Company, Malden, Massachusetts, re¬ 
cently became assistant manager of the 
Eastern Massachusetts Electric Com¬ 
pany. His headquarters wiU be in Salem. 
Mr. Mayo is a past chairman of the 
Electric Lines Club of New England and 
for two years chairman of the engineering 
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section of the New England division of 
the N. E. L. A. 


K. C. Christiansen (Mem. ’21) for 
over ten years has been affiliated with the 
Electric Bond & Share Company and its 
subsidiary the Phoenix Utility Co.; now 
he has engaged with the Safe Harbor 
Water Power Corporation, Lexington 
Building, Baltimore, Md. 


John Dibblee (Mem. ’26) general 
superintendent of the Hydro-Eleetrio 
Power Commission, the Niagara district, 
has been assigned to the recently created 
position of assistant to Henry C. Don 
Carlos (Pel. ’18) the operating engineer of 
the provincial system. 


John H. Muogli (Mem. ’31) has been 
transferred from the Shell Oil Company’s 
Martinez Refinery to the home office at 
San Francisco, where he will continue his 
capacity of electrical engineer. 


Ol^iluajTY 


Robert J. Scott, (Pel. ’13) professor 
emeritus of the University of New Zea¬ 
land, Horomanga Island, Port Levy, 
Banks Peninsula, New Zealand, and for 
many years local honorary secretary of 
the Institute for New Zealand, passed 
away November 8,1930. 

He was bom at Plymouth, England, 
September 14, 1861, the son of Rear 
Admiral Scott and a cousin of Captain 
Scott the South Polar explorer. He 
attended the Abbey School, Beckenham, 
King’s College, London, and the Royal 
School of Mines, where his course in¬ 
cluded electrical engineering and manage¬ 
ment, Supplementing this by private 
tutelage in mechanical drawing and civil 
engineering under General H. Y. D, Scott, 
P. A. S., C. B., Director General of Works, 
England, thereafter he was employed 
under his father, Rear Admiral Scott, 
R. N., as superintendent of naval gun 
carriages at Woolwich Arsenal and at 
Chatham; In 1881, after extensive rail¬ 
way experience in England, he joined the 
New Zealand railwa.y service, advancing 
from the position of locomotive drafts¬ 
man to manager of the’ Addington works, 
designer for the locomotive department, 
and finally becoming ^ting locomotive 


superintendent. In 1888 he was ap¬ 
pointed part time lecturer in engineering 
at Canterbury College, University of 
New Zealand; two years later he became 
lecturer in charge of engineering and 
then professor in charge. At the time of 
his retirement in February 1923, Professor 
Scott as the inventor and operator of 
many of its railway and transportational 
improvements was probably one of the 
most prominent figures in New Zealand’s 
world of engineering. The School of 
Engineering is a lasting memorial to his 
foresight, initiative, and powers of organi¬ 
zation, and, to quote, “it is fitting that 
the eulmination of his work should be its 
recognition by the government as the 
national school of engineering of the 
Dominion.” He joined the Institute as 
an Associate in 1902, advancing to the 
grade of Fellow in 1913. For an extended 
number of years he held chairs of engi¬ 
neering and electricity in the University 
of New Zealand. He was a member of 
the British Institution of Civil Engineers, 
serving on its advisory committee, and 
was also a member of the Institution of 
Mechanical Engineers. 


Edward Dwight Priest, (Assoc. ’12) 
for many years designing engineer in the 
railway department of the General Elec¬ 
tric Company, died at his home in 
Schenectady Marcll 26, 1931; he was 70 
years of age. A native of Northfield, 
Massachusetts, and a graduate of Worces¬ 
ter Polytechnic Institute (1884), he was 
employed in 1887 by the Thomson 
Houston and General Electric Companies 
where his time was devoted ohieflly to 
railway motor design, in charge of the 
work. One of his first achievements was 
the conception of a special-typo railway 
motor light in weight for use on elevated 
lines. Railway electrification problems 
were his chief interest and here his contri¬ 
butions to development and improve¬ 
ment were of the greatest value. In 1888 
he was the originator of the first box- 
frame motor ever marketed by his com¬ 
pany; this was cast in one piece. In 1901 
the electrification of the Manhattan 
elevated was one of a group of achieve¬ 
ments under the leadership of Mr. Priest; 
as was also a special design of locomotive 
for the Boston & Ohio Railroad. When 
William B. Potter became railway de¬ 
partment engineer of the General Eiectric 
Co. in 1895 he appointed Mr. Priest 
designing engineer in charge of railway 
motors, a position which he held until his 
retirement in 1926. 


Beverly L. Worden, (Mem. ’27), 
president of Cutler-Hammer, Ino., New 
York and Milwaukee, passed away at his 
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home in West 'Orange, N, J. after an ill¬ 
ness of several months. He wits bom in 
Chicago 61 years ago and received his 
B. S. in Civil Engineering from the Uni¬ 
versity of Wisconsin in 1893. In 1901 he 
founded the Worden-Alleh Company of 
Milwaukee, and in 1909 the Lackawanna 
Bridge Company of Buffalo; of both of 
these companies Mr. Worden was presi¬ 
dent, of the first until 1921, and of the 
latter until 1924, when he became general 
manager of the Newark Bay shipyard, 
Newark, New Jersey, building steel ships 
for the Emergency Fleet Corporation. 
For a period prior to the United States* 
entry into the war he was general manager 
also of the Submarine Boat Corporation. 
Early in 1923 Mr. Worden became 
identified with Cutler-Hammer, Inc,, as 
its vice-president and director, later 
being chosen president. He was a rep¬ 
resentative member of several engi¬ 
neering organizations inclusive of The 
American Society of • Mechanical Engi¬ 
neers, the American Institute of Mining 
and Metallurgioal Engineers, and the 
Western Society of Engineers. For the 
past number of years he had also been a 
member of the National Electrical Manu¬ 
facturers Association. 


Nathan B. Amblbr, superintendent of 
the hydroelectric plant, U, S. Engineering 
Department, Wilson Dam, Florence, Ala., 
and well- known as an electrical production 
engineer, died suddenly April 11 while 
driving his car in that city to which he had 
gone as a member of the staff of Hugh L. 
Cooper, of the Cooper Engineering Corp., 
consulting engineer for the construction of 
the Wilson Dam. 

A native of Chatham, New York (1876), 
Mr. Ambler took a four years* oomse in 
the electrical engineering department of 
Columbia 'Pnivorsity, and for a while 
thereafter was employed as electrician 
of the Metropolitan Street Railway Com¬ 
pany. This led to work with the Interur- 
ban Street Railway Company, which he 
served as substation foreihan. Prior to 
his association with the Cooper Engineer¬ 
ing Corporation, he was superintendent 
of a Niagara Palls power plant. His 
membership in the Institute dates from 
1903. 




A list of meml^ers whose mail has been 
xet^uned by' the postal authorities is 
given below, with the adless as it now 
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appears on tile Institutue records. Any 
member knowing of corrections to these 
addresses will kindly commimioate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

OoLUNOT, Ma-bobi. A.. 8S Sherman Ave.. 
Newark, N. J. 

Davis. B. H., Westingliouse E, & M. Oo., Bast 
Pittsburgh, Pa. 


DiLtrcox, A., B z 1051, Chicago, lU. 

Duanb, Gbobqb B., Otis Elevator Oo., Yonkers, 
N.Y. 

Galb, R. E., 706 N. 19th St., Boise, Idaho. 

EjtoAR, D. P., 1403 Minnie St., Port Huron, 
Mich. 

Mukoy, V. B., Ohio Mechanics Institute, Cin- 
dimatl, Ohio. 

Pbbhn, Victor N., 940 Broad St., Newark, N. J. 
Van Wyoz. P, V. R.. Summit, N. J. 



Nebraska Sections 
Meet with Student Branches 

The Nebraska sections of the A. S. 
M. E. and A. I. E. B. held their annual 
student meeting in Omaha on April 9, 
1931, in cooperation with the Student 
Branches of both societies at the Univer¬ 
sities of Nebraska and South Dakota. 

-Morning inspection trips included the 
4th and Jones Streets plant of the 
Nebraska Power Company, or the Cudahy 
Packing Company plant. Afternoon 
trip opportunities included the Orpheum 
Theater air oonditiouiug, or Ford Assem¬ 
bly Plant; WOW Broadcasting Station; 
Northwestern Bell Telephone Building; 
New Union Station, or Omaha Steel 
Works. 

Dinner was held at the University 
Club, and during the student program, 
Phil Ehrenhard, ohairmaii, University of 
Nebraska Branch, A. L E. B., served as 
toastmaster. There was a brief address 
by Dean H. S. Evans, vice-president, 
District No. 6, A. I. E. E,, and the follow¬ 
ing telks were given by students: 

Huican Natubx in Enoikbbring. by R. O. 
Bensch, seuior, M. E., tTniverslty of Nebraska. 

Havinq a Hobby, by A. Stepoualtls, Chalr- 
man, XTzdversity of South Dakota Branch, 
A.I.E.E. 

AubxbziB Light, by W. E. Stewart and S. M. 
Gels, seniors in E. E., University of Nebraska. 

Several muricaJ numbers were given by 
students of the University of Nebraska. 
There were 105 in attendance. 


Boston Section 
Holds Student Meeting 

Continuing a inaugurat d in 

March 1930, the Boston Section and the 
studont groups of Harvard Univerrity, 
Massachusetts Institute of Technology, 
Northeastern University, and Tufts 


College held a joint meeting at the 
Massachusetts Institute of Technology 
on the evening of March 26, 1931, with 
an attendance of 216. During a buffet 
supper, the students interested in specific 
fields of electrical engineering were seated 
at tables with engineers practising in that 
same field. Thus each student was given 
opportunity to receive information and 
advice regarding his favorite kind of 
electrical work. 

M. B. Lambert, vice-president, West- 
house Electric & Manufacturing Com¬ 
pany, gave an address on “The Engineer 
and His Outlook;** this proved to be very 
interesting to the students and the Sec¬ 
tion members. There was considerable 
discussion by both groups, and the 
meeting was considered one of the most 
successful of the year. 


Toronto Section Holds 
Luncheon and Evening 
Meeting 

La honor of President Lee and Naitional 
Seoretary Hutehinson, the Toronto Seo: 
tion held a Innoheon at l^e Royal York 
Hotel, Toronto, March ^,1931. Pres¬ 
ent -were: D. A. MeKeiizie and Q. D. 
Floyd, fespectively chauMum and aerac^ 
tary of the Section; 0. E. Sisson and 
W. L. Amos, respeotiToly vice-president 
and secretary of District No. 10; A. B. 
Cooper, director of the A. I. B. B.; 
LM. Maclean, J. A. Magd6y,.V. Q-. Smith, 
and W. F. Sutherland, members of the 
Section’s e3:eoutive committee; and ,T. R. 
Rosebragh, F. A. Gaby, H, W. Price, 
Wi A. Budke, B. T.^ J. Brandon, W. F. 
Wright, A. H. Hull, F. R. Bwart, W. P. 
Dobson, S. B. M. Henderson, C. B. 
Sdiwenger, H. 0, Don Carlos, B, 
Haslongs, B. M. Woodland FvF. Ambuhl, 
past Ohaarmen of the S^tion. m 
Hi the evening, G. L.^ IdlHe of ihe 
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Toronto Hydro-Electric System presented 
a paper **Paotors in Design of 115/230- 
Volt Distribution in a Modem Kesiden- 
tial District.” President Lee addressed 
the meeting, and his description of 
problems he had encountered in de¬ 
velopment of water power sites in 
Quebec was especially interesting. 
National Secretary Hutchinson outlined 
the progress in Institute affairs, and 
emphasized the desire for constructive 
criticism and suggestions for the further 
^development of Electrical Engineer¬ 
ing. The attendance was 91. 


San Francisco Section 
Meets With Students 

On March 27, 1931 the San Francisco 
Section held a meeting specially arranged 
to bring together the Section members 
and University of California, University 
of Santa Clara, Stanford University 
Student Branches. At a dinner preceding 
the program each student was seated 
with an engineer practising in the par¬ 
ticular field in which the former was 
especially interested, ihuk offering excel¬ 
lent opportunities for helpful exchange of 
information and experiences. 

The address of the evening was by 
R. R. Newell, professor of medicine and 
director of the department of radiology, at 
Stanford University Medical School, on 
the subject ‘‘The Use and Misuse of 
Electricity in Medicine,” and was re¬ 
ceived with great interest. Dr. Newell 
exhibited many instruments used in 
making examinations. 

Attendance at the dinner and at the 
address was 118 and 180, respectively. 


Pittsfield and Schenectady 
Section Competition 

Following the plan inaugurated last 
year to encourage there younger members 
to participate in programs, the Pittsfield 
and Schenectady Sections held joint 
meetings in Pittsfield March 17, 1931, 
and Schenectady April 3, 1931, for the 
presentation of papers by section mem¬ 
bers less than 30 years of age.and who 
had not previously presented Institute 
papers. The programs were as follows; 

Pittsfield 

Operation op MBEOtra*? Boilbb Tubs 
WITH High Thbekai* Stbbssbs, by T, O. Ohart, 
Schenectady. 

Pulps ahj> Papbe in thb Blbcteioal 
lNDusTBT|4>y M. B. Newell, Plttaffeld. 


A Method op Dbtbbbiining PjOwbb Tbans- 
FBB XilMITATlONS OP LoW-VoLTAGB A-0. NbT- 
woBKs, by R. G. Lorraine, Schenectady. 

Network Transpormbrb, by P. L. Obristen- 
sen, Pittsfield. 

N ONTBCHNIGAL F ACTORS AppBOTING THB BlBO- 

TBicAL Indhstby. by S. A. Holme, Schenectady, 

Prboisb Prequbncy Dbtbbmination, by 
C. W. Ransom, Kttsfield. 

Schenectady 

Noisblbbs Rotating Maohikbbt, by S. J. 
Levine, Pittsfield. 

The Polycyclic Thybatron Inverter, by 
R. S. Thurston. Schenectady. 

Lightning Studies on Small High-Yoltagb 
Tbanbpobmbbb, by M. F. Beavers, Pittsfield, 

High-Voltagb Impregnated-Paper Power 
Cables, by D, E. Carpenter, Schenectady. 

A New Development in Iron-Core Reac¬ 
tors, by T. A. Wilson. Pittsfield. 

Predetermination op Overvoltage in 
Electrical Systems Subsequent to Lobs op 
Load, by J. W. Butler, Schenectady. 

Prizes were awarded after considerar 
tion of the contents of the papers as well 
as the presentation. At the Pittsfield 
meeting, T. C. Ohart of Schenectady 
received the first prize, and S. A. Holme 
of Schenectady and C. W, Ransom of 
Pittsfield tied for second. The total 
numbers of points were Schenectady 
496.3; Pittsfield 446. 86 attended the 
meeting, and 60 the dinner preceding it. 

At the Schenectady meeting, J. W. 
Butler of Schenectady received the first 
prize, and T. A. Wilson of Pittsfield 
received second prize. The total num¬ 
bers of points were, Schenectady 512.8; 
Pittsfield 486.4. 150 attended the meet¬ 
ing, and 90 the dinner preceding it,. 


Student Convention 
At Swarthmore College 

The seventh annual local student con¬ 
vention sponsored by the Philadelphia 
Section was held at Swarthmore College 
on March 16, 1931, witji seven schools 
participating; namely, Drexel, Haverford, 
Lafayette, Lehigh, Pennsylvania, Prince¬ 
ton, and Swarthmore. The program of 
the morzung session was as follows: 

Welcome— Dean Raymond Walters, Swarth- 
more OoUege 

An Automatic Timer pob Races, by E. A. 
Speakman, Haverford College, 1981 

Visual Testing Deviobb, by O, H. Scshuck, 
University of Pennsylvania, 1931 

Eleotbxoal Determination op Tensile 
Strength, by William MdcNamee, Princeton 
University 

Discussion of above papers. 

The Babtol Laboratory, . by Bt, T. H. 
Johnson, Franklin Institute 


Those attending the convention were 
guests of Swarthmore College at luncheon, 
afterward separating into three groups, 
according to preference, to visit the Deep¬ 
water generating station of the American 
Gas & Electric and the United Gas Im¬ 
provement Companies, the Lamokin 
substation of the Pennsylvania Railroad 
Company at Chester, Pa., or the General 
Electric Company switching equipment 
factory at Darby, Pa. 

The latter part of the afternoon there 
was an inspection trip through the College 
buildings, followed by a dinner in the 
Whittier House. 

The evening program included an organ 
recital, by Professor L, R. Shero of 
Swarthmore College, and the presentation 
of two papers; 

Life op Henry, by R. M. Mitchell, Swarth¬ 
more College, 1931 

Life op Faraday, by W. H. Radford, Drexel 
Institute, 1931 

Three prizes were awarded for the pres¬ 
entation of student papers during the 
morning session, E. A. Speakman, receiv¬ 
ing the first; 0. H. Shuck, the second; and 
William MaoNamee, third. Skits were 
presented by Drexel and Swarthmore 
students. The registration was 181. 


Future 

S^edlion IMieelin^iS 


Cleveland 

May 21,1931—Annual dinner meeting. 
Speaker— W. S. Lee, president and con¬ 
sulting engineer, Duke Power" Comp'any, 
and president, A^ierican Institute of 
Electrical Engineers. 

Detroit-Ann Arbor 

May 19,1931—Subject and speaker to 
be announced later. 

June 20,1931—Spring frolic. 

Lehigh Valley 

May 16, 1931—Annual meeting. In¬ 
dustrial Planning for the Future, by 
E. C. Stone, assistant to senior vice- 
president, The Philadelphia Company. 
Meeting to be held at Altamont Hotel, 
Hazleton,Pa. 

Niagara Frontier 

May 15,1931—Subject and speaker to 
be aimounced later. 
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Seattle 


May 19, 1931—The best paper sub¬ 
mitted in the annual competition for 
prizes will be presented at this meeting. 

Sharon 

May 5, 1931— The Contributions op 
Telephone Research to the Talking 
Motion Picture Industry, by J. O. 
Perrine, Associate Editor, Bell System 
Technical Journal, 

Spokane 

May 22,1931—Annual dinner meeting. 
History op the Electrical Develop¬ 
ment OP THE Inland Empire, by John 
B. Fisken. Election of of&cers. 

Toledo 

May 22,1931—Speakers—T. J. Nolan, 
Toledo Edison Co. and J. T. Greene, 
Police and Fire Alarm System. 

June 12, 1931—Dinner and election of 
officers. Speaker—E. C. Stone, assistant 
to senior vice-president, The Philadelphia 
Company, and vice-president District 
No. 2, A.I.E.E. 



Akron ^ 

The Development op Electrical 
Engineering Since the Invention op 
THE Incandescent Lamp, by Dr. A. E. 
Kennelly, Professor Emeritus of Electrical 
Engineering, Harvard TJniversity and 
Massachusetts Institute of Technology. 
March 25. Attendance 350. 

Inspection trip through the Hoover 
Suction Sweeper plant at North Canton. 
After dinner, M. L. Pierce gave a talk 
on Engineering in'Selling. April 9. 
Attendance SO. 

Atlanta 

The Lighting op the Future, by 
■A.. L. Powell, Director, Edison Lighting 
Institute. Illustrated. Joint meeting 
with the A, S. M. E. Section. Dinner 
preceded the meeting. March 23. At¬ 
tendance 80. 

Baltimore 

Artificial Lightning, by D. R. 
Rowland. After the speaker described 
new d-c., high-voltage equipment 
installed at the’ Locke Insulator Com¬ 
pany, those at the meeting adjourned to 
the laboratory of that company where a 
dembiostration of the one and one-half 
millioh volt a^. equipment and the two 
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and one-ha^ million volt d-e. equipment 
was given. March 20. Attendance 105. 

Cl veland 

Industrial Applications of Vacuum 
Tubes and Photoelectric Tubbs, by 

E. L. Manning, General Electric Com¬ 
pany. Illustrated and demonstrated with 
actual equipment. March 19. Atten¬ 
dance 210. 

Connecticut 

The Sun Lamp, by Paul Luekenbach, 
General Electric Co. Illustrated with 
slides. Meeting held at the Bridgeport 
Works of the General Electric Co. 
March 25. Attendance 40. 

Dallas 

Speed, Unemployment, and Progress , 
by Dr. William McClellan, vice-president, 
Stone & Webster Engineering Corp. 
March 5. Attendance 98. 

Engineer’s Responsibility, by Dean 

F. C. Bolton, Texas A. & M. College. 
Dean George C. Shaad, University of 
Kansas, and vice-president. District No. 
7, A. I. E. E., gave a talk on Institute 
acthdties. March 25. Attendance 74. 

Denver 

Engineering Considerations in the 
Design of Open Wire Line for Com¬ 
munication, by G. S. Dring, American 
Tel. & Tel. Co. Illustrated, Dinner 
preceded the meeting, March 13. At¬ 
tendance 52. 

Dinner and card party. March 20. 
Attendance 72. 

Detroit-Ann Arbor 

The Sound op a Shadow, by John B. 
Taylor, General Electric Co. Joint meet¬ 
ing with the Institute of Radio Engineers, 
March 17. Attendance 650, 

“The United States Should Own and 
Operate Muscle Shoals” was the subject 
of a debate presented by students of the 
Stump Speakers Society from the Univer¬ 
sity of Michigan and Detroit Institute of 
Technology. The judges decided in 
favor of ^e negative, which was sup¬ 
ported by the team from the University 
of Michigan. Joint meeting with the 
Illuminating Engineering Society, spon¬ 
sored by the educational committee of 
the Associated Technical Societies of 
Detroit. March 24. Attendance 100. 

Erie 

So-Called Network in A-C. Dis¬ 
tribution, by P. F. Pugh, General 
Electric Co.; 

Latest Methods in Mechanical 
Balancing, by F. M. Kirkpatrick, 
General Electric Co.; 

Load Control, by 0. E. Lang, Penn¬ 
sylvania Electric Co. Members of the 
Technical Federation of Erie invited. 
February 17. Attendance 106. 


Historical Developments in Elec¬ 
trical Engineering During the Past 
Fifty Years and the Influence op 
Same Upon Modern Life and Civiliza¬ 
tion, by Dr. A. E. Kennelly, Professor 
Emeritus of Electrical Engineering, 
Harvard University and Massachusetts 
Institute, of Technology. March 23. 
Attendance 120. 

Fort Wayne 

The D-C. Saturable Reactor, by 
B. A. Case, General Electric Co.; 

The Theory op Probability, by 
W. J. Morrill and E. J. Schaefer both of 
the General Electric Co. March 12. 
Attendance 60. 

Houston 

Recent Developments in High 
Speed Relaying, Stability, and Light¬ 
ning Protection on Transmission 
Systems, by I. T. Monseth, Westinghouse 
Elec. & Mfg. Co. February 26. Atten¬ 
dance 59. 

Speed, Progress, and Unemployment, 
by Dr. William McClellan, vice-president, 
Stone & Webster Engineering Corp. 
March 3. Attendance 26. 

The Professional Engineer, by 
Dean George C. Shaad, University of 
Kansas, and vice-president, District No. 
7, A. I. E. E. March 23. Attendance 23. 

Indianapolis- Lafayette 

The Cathode Ray Oscillograph and 
Its Application to the Recording op 
Natural Lightning, by Professor R. H. 
George, Purdue University. Illustrated 
with slides. Joint meeting with the 
A. S. M. E. Section. April 3. Atten¬ 
dance 70, 

Kansas City 

Preservation Treatment op Pine 
Poles, by R. T. Blair, International 
Creosoting Co. Moving pictures fol¬ 
lowed. February 24. Attendance 60. 

The Missouri River as a Factor in 
World Trade, by Frank V. Smith, 
General Electric Co. Film—“The All- 
Electric Ship California.” Joint meeting 
of all the Engineering Societies in 
City. March 6. Attendance 360. 

Lehigh Valley 

Adventures in Science, by Oliver 
Ajer, GeneralElectricCo. Demonstrated. 
Dinner preceded the meeting at the Hotel 
Sterling, Wilkes-Barre. March 27. At¬ 
tendance 300. 

Los Angeles 

Annual joint meeting with the Student 
Branches of the University of Southern 
California and the Cahfonua Institute of 
Technology , at which the following papers 
were presented by Students: 

The Application OP Engineering to 
THE Development of Automobile 


Electrical Engineering 



Lighting, by Walter Weiss, University 
of Southern California; 

Wave-Form op Current in Con¬ 
verters, by Adin Mathews and Louis 
Hendrixson, University of Southern 
California; 

Thyratron Theory, by Q. W. Read, 
California Institute of Technology; 

Discharge in High Vacuum, by E. 0. 
Erickson, California Institute of Tech¬ 
nology; 

The Vacuum Switch, by Charles Lash, 
California Institute of Technology. At 
the conclusion of the technical session, the 
Aeronautics Laboratory, Astro-physics 
Machine Shop, and Electrical laboratories 
were inspected. March 10. Attendance 
300. 

Louisville 

The Development op Louisville, by 
E. A. Ersldne, Southern Bell Telephone & 
Telegraph Co. March 20. Attendance 30. 

Madison 

Some Factors Affecting Noise in 
Telephone Circuits Arising in Induc¬ 
tive Exposures, by W. C, Lallier, 
Wisconsin Telephone Co. March 11. 
Attendance 135. 

Memphis 

Some Aspects op the Scientific 
Work of Thomas Jefferson, by Pro¬ 
fessor W. S. Rodman, University of 
Virginia, and vice-president, District No. 
4,A. I. B. E. March 25. Attendance 61. 

Milwaukee 

Building Prosperity Avenue, by 
H. H. Magdsiek, General Electric Co. 
Illustrated. Joint meeting with the 
Engineers Society of Milwaukee. March 
18. Attendance 275. 

The New Physics, by Professor 
Warren Weaver, University of Wisconsin. 
April 1. Attendance 93. 

Minnesota 

Oriental Travelogue, by C. P. 
Sigerfoos, Professor of Zoology.- March 
30. Attendance 45. 

Niagara Frontier 

The Progress of Electrical Engi¬ 
neering During the Last Fifty Years, 
by Dr. A. E. Kennelly, Professor Emeritus 
of Electrical Engineering, Harvard Uni¬ 
versity and Massachusetts Institute of 
Technology. Illustrated with slides. 
March 20. Attendance 125. 

North Carolina 

Annual spring meeting. Professor 
W. S. Rodman, vice-president. District 
No. 4, A. I. E. B. discussed Institute 
activities. The following papers were 
presented, all of which were illustrated 
with slides: 

Telephone Facilities Used by 
Power Companjbs, by 0. J. Huie, South- 
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ern Bell Telephone & Telegraph Co., and 
Blair Jenkins, Jr., Carolina Power & 
Light Co.; 

Oil Circuit Breaker Developments, 
by R, M. Spmrck, General Electric 
Company; 

Insulation Value op Wood Pole 
Lines for Lightning Protection, by 
J. A. Jones, Carolina Power & Light Co. 
After dinner, Dr. C. L. Fortesoue, West- 
inghouse Electric & Mfg. Co., gave a talk 
entitled Influence of Recent Light¬ 
ning Investigations and Studies on 
Practical Design and Operation op 
High Voltage Transmission Systems. 
Mai’ch 10. Attendance 120. 

Oklahoma City 

Speed, Unemployment, and Progress, 
by Dr. William McClellan, vice-president, 
Stone & Webster Engg. Corp. March 6. 
Attendance 102. 

Rochester 

Applications of the Light Sensitive 
Tube to Industry, by E. H. Vedder, 
Westinghouse Elec. & Mfg. Co. March 6. 
Attendance 201. 

St. Louis 

Development op the Modern Watt- 
hour Meters, by Fred Holtz, Sangamo 
Electric Co. Illustrated with slides. 
March 18. Attendance 70. 

San Antonio 

The Professional Society, by Dean 
George C. Shaad, University of Kansas, 
and vice-president, District No. 7, A. I. 
B. B. Following this lecture several 
motion pictures were shown. March 24. 
Attendance 78. 

San Francisco 

Industrial Application op Elec¬ 
tricity, by Louis F. Leurey, consulting 
electrical engineer. The meeting was 
preceded by dinner at the Engineer’s 
Club. February 27. Attendance 70. 

Saskatchewan 

Recent Developments of Direc¬ 
tional Flying, by W. L. Laurie, Depart¬ 
ment of Civil Aviation at Ottawa. 
Illustrated. February 6. Attendance 29. 

Schenectady 

HistoricAL * Developments in Elec- 
trical Engineering in the Past Fifty 
Years, by Dr. A. B. Eennelly, Professor 
Emeritus of Electrioal Engineering, 
Harvard University and Massachusetts 
Institute of Technology. March 27. 
Attendance 250. 

Seattle 

J. B. Hawe, Great Northern Railway, 
presented a paper on the result of two 


years’ operation of the Great Northern 
Railway Electrification. Film—“Wild¬ 
wood Coal Mines, 100 Per Cent Electri¬ 
fied.” February 17. Attendance 81. 

Spokane 

Recent Developments in Electri¬ 
cal Engineering, by L, W. W. Morrow, 
editor, Electrical World, Dinner in honor 
of the speaker preceded the mfeeting. 
March 10. Attendance 27. 

Syracuse 

Recent Research Developments, 
by J. M. Stedman, Westinghouse Electric 
& Mfg. Co. February 23. Attendance 
167. 

Audible Light, by John B. Taylor, 
General Electric Qo. March 9. Atten¬ 
dance 580. 

Toledo 

Vacuum Tubes and Photoelectric 
Cells in Industry, by E. L. Manning, 
General Electric Co. March 20. Atten¬ 
dance 800. 

Toronto 

Standardization, by B. Stuart 
McKenzie, Canadian Electrical Standards 
Association. March 13. Attendance 50. 

Dependence op Future Research in 
THE Applied Sciences Upon the De¬ 
velopment AND Refinement of Mar¬ 
keting, by W. W. Goforth, Cookfield 
Brown & Company. Illustrated. April 
10. Attendance 41. 

Urbana 

Inductive Interference in Tele¬ 
phone Circuits, by W. W. Russell, 
Illinois Bell Telephone Co. March 11. 
Attendance 175. 

Utah 

The following five minute talks were 
presented by members of the Section: 

The Mercury Turbine, by C. B. 
Shipp, General Electric Co.; 

Contactor Control, by V. J. Del 
Duke, Utah Copper Co.; 

Electrical Laboratory Equipment, 
by J. H. Hamilton, University of Utah; 

Insulating Varnishes, by A. 
McDonald, General Electric Co.; 

The Overhung Turbine, by B. E. 
Jordon, Utah Power & Light Co.; 

The Synchronous Motor, by R. W. 
McNeil, Westinghouse Elec. & Mfg. Co. 
Film—“The Bleetric Ship,” March 16. 
Attendance 42. 

Worcest r 

Secondary Networks op Present 
Day, by D. F. Blake, General Electric Co. 
March 18. Attendance 45. 
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Pttsi 

BrancL j^eelin^s 


Inapeoti^ii trip to the Newark sub¬ 
station of the Pacific Gas & Electric Co. 
March 21, Attendance 31. 

Modern Practise in Steam-Plant 
Design, by R. C. Powell, Pacific Gas & 
Electric Co. March 25. Attendance 50. 


Alabama Polytechnic Institute 
Some Aspects op the Scientific 
Wore; of Thomas Jefferson, by Pro¬ 
fessor W. S. Rodman, University of 
Virginia, and vice-president, District No. 
4, A. I. E. E. Professor Rodman also 
gave a brief history of the Institute. • 
March 19. Attendance 68. 

University of Alabama 
Turbines, by Professor John M. 
Gallalee. Film—“Steam Turbines. “ 

March 9. Attendance 30. 

University of Arkansas 
Three films shown: “Dynamic Amer¬ 
ica,“ “Steam Turbine with a Solid 
Rotor/’ and “Body and Soul.” March 
13. Attendance 53. 

Armour Institute of Technology 
Michael Faraday, by T. A. McGill, 
student; 

Joseph Henry, by M. J. Schinke, 
student. March 20. Attendance 40. 

University of British Columbia 
Carrier Current in Telephony, by 
H. Van AUen, student. March 17. At¬ 
tendance 14. 

Polytechnic Institute of Brooklyn 
A New Method of Scanning for 
Television, by Ivan Bloch, student; 

Mercury Arc Rectification, by 
William Powers, student; 

Breaking the A-C. Arc in Circuit 
Breakers, by Leonard Evans, student. 
Ivan Bloch received first prize and 
William Powers second prize. March 9. 
Attendance 26. 

Bucknell University 
Life and Works of Joseph Henry, 
American Physicist, by Percy Hort, 
Branch secretary. Film—“Steam Tur¬ 
bine with a Solid Rotor.” March 9. 
Attendance 9. 

Talks on the life and work of Archi¬ 
medes, Galileo, and Sir Isaac Newton, by 
William Griffith, student. March 30. 
Attendance 8. 

California Institute of Technology 
. Joint ineeting with the Los Angeles 
SecMon ^d the University of Southern 
Califoi^a Branch at which six papers 
w^e presented by students. (See report 
under Past Section Meetings). 

University of California 
iSiro films shown as follows: ‘Atomic 
Hydrogen Welding,” and “Straight-Line 
Induction of rnduotion Motors,” Joint 
iflLeeting wi^ the A. S. M, B. March H, 
Att^dance 75. 


University of Cincinnati 
High-Tension Cable’ and Dielec¬ 
trics, by Mr. Calvert, General Electric 
Co. March 4. Attendance 41. 

Clarkson College of Technology 

Discussion of Branch activities. March 

3. Attendance 21. 

Colorado State Agricultural College 

The Life and Experiments op 
Michael Faraday, by Oscar Baer, stu¬ 
dent. March 9. Attendance 9. 

Film—“Dynamic America.” March 

16. Attendance 12. 

Annual Engineers’ Day held jointly 
with the A. S. M. B. Branch. The 
Influence of Gold and Silver Pro¬ 
duction ON Economic Conditions, by 
Frank E. Shepard, Supt. U. S, Mint in 
Denver. March 28. Attendance 150. 

Cooper Union 

Magnetic Shielding of Straight 
D-C. Conductors, by George C. Neu- 
schaefer and August B. Mundel, students. 
March 18. Attendance 12. 

Cornell Univisrsity 

Two films shown as follows: “The 
Steam Turbine,” and “Dynamic Amer¬ 
ica.” March 25. Attendance 23. 

University of Detroit 
Five moving pictures shown. Talks 
by Dean R. E. Lawrence, A. W. Mitchell, 
Chrysler Motor Co., and Professor 
F. Lysenmeyer. March 19. Attendance 
210 . 

Harvard University 
Inspection trip to the General Electric 
Co. at Lynn, Mass, Match 16. At¬ 
tendance 25. 

Iowa State College 
Smoker. April 18. Attendance 140. 
State University of Iowa 
Film—“Conowingo.” February 11. 
Attendance 40. 

Worlds Water Power and the 
Hoover Dam, by W. B. Knight, student. 
February 18. Attendance 29, 
Development of Television in the 
United States, by Mr. Kosek, student; 

Production of Power from' the . 
Tropic Seas, by F. 0. Lyddon, student. 
February 25. Attendance 37. 

Rectifiers, by Mr. TenBy^, student. 
Film—“Dynamic America.” March 4. 
Attendance 39. 

The Mercury Vapor Turbine, by 
Mr. Lewis, student; 

Later Applications of the JJleo- 
mxcxTY IN Transportation, by R. 
Marohant, student; 
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Electrical Developments in the 
Far Bast, by T. S. Mariano, student. 
March 11. Attendance 26. 

The Cathode Ray Oscillograph, by 
Mr. Wilkins, student. Film—“Steam 
Turbine with a Solid Rotor,” March 25. 
Attendance 39. 

Kansas State College 

Patents and Inventions, by Professor 
R. G. Kloeffler, counselor. (Afternoon 
session). February 18. Attendance 70. 

The program of the evening session wa? 
the same as that of the afternoon session. 
February 18. Attendance 30. 

Talk by B. D. Bell, United Power & 
Light Corp. (Afternoon session). March 
5. Attendance 76. 

The program of the evening session was 
the same as that of the afternoon session. 
March 6. Attendance 35. 

Lehigh University 

Psychology of Illumination, by 
J. B, Sponsler, student; 

The Engineer in College and Out, 
by A. J. Standing, Bethlehem Steel Co. 
February 18. Attendance 43. 

Audible Light, by John B. Taylor, 
General Electric Co. February 23. At¬ 
tendance 260. 

Talking Movies, by D. C. McGalliard, 
Electrical Research Products, Inc. March 

4. Attendance 250. 

Three films were shown: “vSteam Tur¬ 
bine with a Solid Rotor,” “Mechanized 
Mine of the Butler Coal Company,” and 
“Dynamic America.” March 20. At¬ 
tendance 154. 

Marquette University 

Executive Board meeting. March 3. 
Attendance 8. 

Inductance, by Mr. Forman, Louis 
Allis Manufacturing Co. Election of offi¬ 
cers as follows: Ellsworth Ziehm, chair¬ 
man; Anthony Cain, vice-chairman; 
Donald Boehmer, Secretarj^; Robert 
Manion, treasurer. March 5. Atten¬ 
dance 27. 

Massachusetts Institute of Tech¬ 
nology 

Super-Power Production, by Fran¬ 
cis D. Weeks, student; 

Power Factor Correction and the 
Fynn-Weichsbl Motor, by Gordon 

5. Brown and John C. Gibson, students, 
March 17. Attendance 57, 

Inspection trip to the Woburn Station 
of the Edison Electric IllPTniiia.f.iTijy (jo. 
of Boston, and the Tewksbury substation 
of the New England Power Association. 
April 1. Attendance 17. 

Michigan College of Mining and 
Technology 

Electric Lighting, by Paul Junttila; 
student; 

(jlerald . Warrener, Ontanogan Power 
Rrojeot, outlined in detjajil the routine to 
be followed in putting up a transmission 
line, Marohll, Attendance 26. 
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Michigan State College 
The Changb-Ovbe prom 30 to 60 
Cycles in Grand Rapids, Michigan, 
by H. L. Abrahamse, student; 

Summer Experiences with the 
General Electric Company, by R. B, 
MeCall and L. Switzgable, students, 
March 10. Attendance 23. 

University of Michigan 
Three students outlined their experi¬ 
ences during summer employment, 
March 4. Attendance 30. 

Mississippi A. & M. College 

Finances op American Utilities and 
Some Peculiar Uses op Electricity, 
by W. P. Gearhiser, student; 

Supernatural Power, Inc., by P. W. 
Godard, student. March 13. Atten¬ 
dance 24. 

Some Aspects op the Scientific 
Work op Thomas Jefferson, by Pro¬ 
fessor W. S. Rodman, University of 
Virginia, and vice-president, District No. 
4, A. I. E. E. March 24. Attendance 31. 

Missouri School of Mines and Metal¬ 
lurgy 

J. D. Roy, student, outlined student 
courses given by the Westinghouse Elec. 
& Mfg. Co. March 11. Attendance 18. 

St. Pat’s Electrical Show. March 21. 
Attendance 437. 

Engineering Achievements op 1930, 
by J. E. Stokes and J. D. Shelton, stu¬ 
dents. Professor I. H. Lovett, counselor, 
gave a talk on the construction of Bagnell 
Dam. April 1. Attendance 20. 

Montana State College 
Cut-Out Designs for Street-Light¬ 
ing Circuits, taken from General Elec- 
trie Reviev?t presented by Wesley C. 
Funk, student; 

Electric Power in the Lumber 
Industry, by Jean Smith, student; 

Treating Poles, taken from Western 
Electric Nem, presented by Carl Wall, 
student. Film—“Arc Welding.” March 

10. Attendance 151. 

University of Nebraska 
R. A. Richardson, Program Service 
Company, outlined problems encountered 
with the telephone radio and gave solu¬ 
tions to many of these problems. March 

11, Attendance 39. 

University of Nevada 
Modern Radio Stations and Trans¬ 
mitting Equipment, by Mr. Knapp, 
student. February 25. Attendance 11. 
. Geophysical Prospecting, by Pro¬ 
fessor Clark Amens, March 4. Atten¬ 
dance 19. 

Electric Power in Connection with 
THE Lumber Industry, by Chester 
Elliott, student; 

New Developments in Photoelec¬ 
tric Cells, by E. H. Tucker, student. 
March 11. Attendance 12. 


Film—”The Single Ridges” March 
18. Attendance 23. 

Newark College of Engineering 

Joint meeting with Rutgers University 
Branch. Inspection trip through Newark 
College of Engineering Laboratories. 
Address of welcome by President A. R. 
CuUimore, Newark College of Engineer¬ 
ing. Short address by Dean P. H. 
Daggett, Rutgers University. Mr. Whit¬ 
more, Pox Film Corp., presented a talk on 
Making Movietone Pictures. March 
9. Attendance 66, 

University of New Hampshire 

Advantages and Disadvantages op 
A. I. E, E,, by P. Perkins, student; 

Suggestions for Improvement op 
A. I. E. E., by J. Carlen, student; 

Membership in A. I. E. E., by R. 
Williams, student. March 7. Atten¬ 
dance 33. 

Election of officers as follows: P. A. 
Rolfe, chairman; R, H. Williams, Secre¬ 
tary. Fibn—“Blasting the Water High¬ 
ways of America.” April 1. Attendance 
31. 

University of New Mexico 
The Life of Michael Faraday, by 
C. E. Henderson, Branch chairman. 
Election of officers as follows: M. Austin 
True, chairman; E. W. Huffman, vice- 
chairman; Stanley 0, Pish, secretary- 
treasurer. April 2. Attendance 11. 

College of the City of New York 
Film—“Steam Turbine with a Solid 
Rotor.” March 12. Attendance 35, 

New York University 
Power-Factor Correction, by L. F. 
Anderson, student; 

Operation and Application of the 
Cathode Ray Oscillograph, by A. E, 
Bell, student; 

Acoustics of Auditoriums, by M. 
Bogstahl, student, February 16. At¬ 
tendance 18. 

Business meeting. March 2. Atten¬ 
dance 18. 

Cooperative Courses, by G. J. Helis, 
student; 

The Mercury Arc Rectifier, by 
0. M. Lerz, student. March 16. Atten¬ 
dance 17. 

Color in the Talkies, by C. Papini, 
student; 

New York City West Side Develo:^ 
MBNT, by J. B. McNally, student; 

History of Petroleum, by S. Podo- 
witz, student; 

Foreign Jobs, by G, J. MoQillivray, 
student. March 30. Attendance 18. 
North Carolina. State College 
Life of Joseph Henry, by L. C. 
Hubbard, student. March 31. Atten¬ 
dance 34. 

North Dakota State College 
Engineering and Education, ^ by 
R. V. Wright, president, American 


Society of Mechanical Engineers. Joint 
meeting with the A. S. M. E. Branch. 
March 30. Attendance 55. 

Pilm~“The Single Ridge.” April 1. 
Attendance 60. 

University of North Dakota 
Informal talk by Professor D. R. 
Jenkins. April 1, Attendance 11. 

Northeastern University 
Traffic Control, by O. M. Jacobi, 
Submarine Signal Corp. Joint meeting 
with A. S. M. E. Branch. February 24. 
Attendance 50. 

University of Notre Dame 

Transatlantic Telephone Commu- 
OTCATioN, by A. M. Rose, American Tel. 

& Tel. Co. Patrick Murray, student, 
presented a review of engineering new 
items. Joint meeting with the Notre 
Dame Engineers’ Club. March 16. At¬ 
tendance 187. 

Ohio Northern University 
Galileo’s Life, by Mr. Jacobs, 
student. April 2. Attendance 14. 

Ohio University 

What Constitutes an Education?, 
by E. W. Chubb, Dean of the College of 
Liberal Arts. Report of the Middle 
Eastern District Meeting given by Harold 
Swagart, student. April 1. Attendance 
19. 

Oklahoma A« & M« Colleg 
Rural Electrification, by Don 
Heffiner, student. February 26. Atten¬ 
dance 26. 

History of the Electrical Industry 
AND George Westinghousb’s Develop¬ 
ments, by Mr. Hammond, Westinghouse 
Elec, & Mfg. Co. March 12. Atten¬ 
dance 41. 

A film was presented showing the 
developments in the oil industry in Okla¬ 
homa. Jointmeetiug withthe A.S.M.E., 
A. S, C. B., and Chemical Engineers. 
March 26. Attendance 150. 

Under Water "Cables, by Paul 
Wexrejif student. April 9. Attendance 15. 

University of Oklahoma 
The Life of Michael Faraday, by 
Roy J. Thompson, student. February 
19. Attendance 33. 

Maintenance of High-Voltage 
Lines While in Operation, by Mr. 
Steele, Oklahoma Gas & Electric Co.; 

The Hoover Dam, by Charles Lud- 
wick, student. March 26. Attendance 35. 

Oregon State College 
A Biography of Michael Faraday, 
by BUiott MacCracken, student; 

Joseph Henry, by Alton Everest, 
student. March 31. Attendance 39. 

Long Distance Telephone Circuit 
Facilities, by A, K. Morehouse, Pacific 
Tel. & Tel. Co. April 7. Attendance 42. 
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Pennsylvania Stat College 
Film—“Atomic Hydrogen Welding.’* 
January 13. Attendance 132. 

Inspection trip. April 11. Atten¬ 
dance 72. 

University of Pennsylvania 

Discussion of Branch activities. March 
5. Attendance 20. 

Talk by Professor C. D. Fawcett, 
counselor. Election of ofBleers as follows: 
C. N. Maxfield, chairman; W. S. Cald¬ 
well, vice-chairman; H. D. Sarkis, secre¬ 
tary; W. H. Young, treasurer. March 23. 
Attendance 24. 

Pratt Institute 

Fourth Annual Convention held jointly 
with the A. S. M. E. and the Wohler 
Chemical Society. In the afternoon, 
three papers were presented by students, 
as follows: 

History of Chromium, by L. K. 
Teubner; 

Manufacture of Mazda Lamps, by 
S. P. Temi; 

Principles of Operation of the 
Linotype, by N. W. Mackenzie. 

In the evening the following talks were 
presented: 

Brief addresses, by Dr. S. S. Edmands, 
Director School of Science & Technology, 
Ernest Hartford, assistant secy., A. S. 
M, E., and H. H. Henline, assistant 
national secy., A. I. E. E. 

Our Nation’s Health, by Ralph 0, 
Clock, Davis & Geek Co.; 

Television, by P. B. Smith, New York 
Telephone Co. March 25. Attendance 
300. 

Rensselaer Polytechnic Institute 

Stability of Interconnected Sys¬ 
tems, by W. E. Mayott, student. Illus¬ 
trated. March 10. Attendance 150. 

How Telephone Communication 
Serves Modern Business, by B. K. 
Rhodes, New York Telephone Co. 
Films—“The Telephone Family,” and 
“The Flying Telephone.” The following 
officers were elected f J. J. Lewis, chair¬ 
man; F. S. Claassen, vice-chairman ; H. A. 
Schlieder, seeretary-treasurer. April 7. 
Attendance 180. 

Rhode Island State College 

The Nature of an Engineer’s 
Work with a Public Utility, by 
D4 Daly and J. Knapp, Blackstone 
Valley Light and Power Association. 
March 12. Attendance 22. 

Business meeting. March 26. At¬ 
tendance 13. 

University of South Carolina 

The HpoVER Dam, by Charles 0. 
Warren, student; 

To Europe Via the North Pole, by 
J* j, Duffie, student. March 16. At- 
tendM<^^, 
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South Dai^ota School of Mines 

Film—“Steam Turbines.” March 10. 
Attendance 95. 

Almon Bjerke elected chairman for 
next term. March 20. Attendance 32. 

University of Southern California 

Joint meeting with the Los Angeles 
Section and the California Institute of 
Technology Branch, at which six papers 
were presented by students. (See report 
under Past Section meetings.) 

Southern Methodist University 

Electronic Theory and Its Applica¬ 
tion, by Robert M. Kennedy, South- 
. western Bell Telephone Co. Talk and 
demonstration of a 3.5 meter radio 
receiver and transmitter by D. J. Tucker, 
student. F. H. Gable, Branch Chairman, 
described the new radio station at the 
university. January 21. Attendance 36. 

Description of the new 7 J^-watt 
amateur radio station W5 QG of S. M. U., 
operating on 20 meters, by F. H. Gable, 
Branch chairman. March 18. Atten¬ 
dance 20. 

Stevens Institute of Technology 

The Accurate Comparison op Fre¬ 
quencies BY Means op the Low- 
Voltage Cathode Ray Tube, by F. L. 
Fuller, Branch secretary. March 17. 
Attendance 20. 

Syracuse University 

The Life op Faraday, by George 
Cowell, student; 

The Life op Henry, by Paul Greiner, 
student. March 13. Attendance 24. 

The Engineer Five Years After 
Graduation, by Mr. Pratt, The Niagara 
& Hudson Power Co. April 10. Atten¬ 
dance 26. 

University of Tennessee 

Electricity, Past, Present and 
Future, by C. M. Ripley, General Elec¬ 
tric Co. March 12. Attendance 133. 

Some Aspects op the Scientific 
Work op Thomas Jefferson, by Pro¬ 
fessor W, S. Rodman, University of 
Virginia, vice-president, District No. 4, 
A. I. E. E. March 27. Attendance 25. 

University of Texas 

The Overhead Distribution System 
OF THE Austin Power Plant, by J. H. 
Dunaway, student. February 26. At¬ 
tendance 14. 

The North Austin Substation, by 
H. J, Adams, student; 

The East Austin Substation, by 
J. H. Neidert, student. March 12. At¬ 
tendance 11. 

University of Vermont 

Hollow-Spun Concrete Poles, by 
M. Ciardelli, student; 


Measurement op Frequency ok 
Radio Transmitters, by J. J. Hay, 
student. March 10. Attendance 23. 

Short business meeting. Like anji 
Work op Michael Faraday, by E. S. 
Judkins, student; 

Life of Henry, by B. E. Whiliioy, 
student; 

A description of Faraday’s generator 
was given by Professor R. 0. Buchanan. 
March 24. Attendance 21. 

Virginia Military Institute 

Film—“Assembly of Ford Cara.” 
March 19. Attendance 49: 

Three films were shown: “Tlin Busy 
Body,” “Carboloy,” and “The Wings of 
the Army.” April 2. Attendance 50. 

Virginia Polytechnic Institute 

Films—“Steam Turbine with a Solid 
Rotor,” and “Dynamic America/* April 
9. Attendance 265. 

University of Washington 

Film—“Nature’s Frozen Crodit-s.” Feb¬ 
ruary 5. Attendance 34. 

The Cbntralia Power Projkot, by 
B. T. Travis, City Light and Fixture 
February 19. Attendance 26. 

The Impulse Generator, by IlerlKirt 
N. Steen, student. February 26. At¬ 
tendance 10. 

Life of Michael Faraday, by Jainon 
A. White, student. April 2. Atten¬ 
dance 8. 

Washington State College 

Business meeting. February 10, At¬ 
tendance 20. 

Cushman Power Project, by Mr. 
Backemole, student. March 5. Atten¬ 
dance 23. 

Films—“King of the Rails” and “Tlie 
Cascade Tunnel.” March 12. Atten¬ 
dance 43. 

Washington University 

Business meeting. April 2. Atten¬ 
dance 14. 

West Virginia University 

The following talks were presented by 
students: 

Propagation of Radio Waves, by 
A. W. Friend; 

BxnLDiNG A Substation, by P. E. 
Watson; 

Use of Paper in Electrical Appara¬ 
tus, by W. N. Engle; 

Electric Control Permits Two 
Elevators in One Shaft, by E. D. 
Harris; 

Construction of the Radio Vacuum 
Tube, by W, P. McCue; 

828,000,000 Rock Island Hydroelec¬ 
tric Development, by G. H. LeFevre. 
Marchs. Attendance32. 

The following talks were presented by 
students: 

Electrical Engineering 
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REDrciNQ Transformer Failures 
Dub to Lightning, by C. J. McCormick; 

Electrification op the C, M. & St. 
Paul Railway, by C. F. Stewart; 

Power Distribution in Belgium, by 

K. D.Moss; 

Use of Instrument Transformers, 

by P. Shaff; 

Effect op Temperature on Proper¬ 
ties OF Steel, by T. E. Palmer; 

Modern Methods op Emptying 
Grain Cars, by J. N. Simpson. March 
«10. Attendance 31. 

The following talks were presented by 
students; 

Hydrogen-Cooled Turbine Genera¬ 
tors, by C. E. Higgins; 

Gas Electric Bus, by C. B. Withers; 
Grain Cars Unloaded in Six Min¬ 
utes, by P. N. Vanney; 

Two Elevators in One Shaft, by 

D. C. Kennedy; 

Hydrogen Cooling for Large Gen¬ 
erators, by W. C. McMillion; 

D-C. Transmission, by H. E. Kerwin. 
March 17. Attendance 33. 

The following talks were presented by 
students: 

Method op Cleaning Coal Gas, by 

H. A. Lewis; 

Electrical Advertising, by R. W. 
Blair; 

Electrically-Heated Garden Plot, 

by M. L. Sprigg; 

Wbstinghousb Commercial Test 
Course, by E. D, Harris; 

Diesel Electric Locomotive, by 
C. J. O’Leary. March 24. Attendance 32. 

University of Wisconsin 

Three films shown as follows: ^‘Build¬ 
ing New York’s Newest Subway,” “Driv¬ 
ing the Cascade Tunnel,” and “Hydro¬ 
electric Power Production.” March 25. 
Attendance 95. 

Worcester Polytechnic Institute 

Inspection trip through the New 
England Telephone & Telegraph Com¬ 
pany. March 9. Attendance 40. 

University of Wyoming 

Business meeting. March 3. Atten¬ 
dance 12. 

Yale University 

The Muscle Shoals Project, by 

J, N. Buckwalter, student; 

Effect of Lightning Voltages on 
Rotating Machinery, by D. B. Fisk, 
student,; 

The Electron Tube and Its Appli¬ 
cation to Industry, by R. C. Sohlitt, 
student. March 12. Attendance 13. 

During the- week of March 25th to 
April 2nd, the engineering seniors went 
on the annual inspection trip. Atten¬ 
dance 90. 

Public Speaking, by Professor Hubert 
Greaves. Illustrated. April 9. Atten¬ 
dance 29. 


Men 

Available 

GRADUATE of five-year cooperative school 
in electrical engineering; speaks Spanish and 
English fluently; one year study of production 
methods and five years’ of street railway expe¬ 
rience. Desires position in any state or nation. 
Location, immaterial. Age 24. 0-9002. 

OOLLEGE GRADUATE class of 29. B. S. 
degree in electrical engineering, 25. single. 
General Electric Test, general engineering and 
business co\u*ses. Interested in position in 
engineering department of manufacturing or 
utility company. Available at once. Location, 
eastern states. 0-9003. 

1928 GRADUATE ELBOTRIOAL ENGI¬ 
NEER, 26, married. One yeai* G. B. Test; 
one year transformer engineering design, six 
months" railway signaling. Desires position 
with railway, power, or manufacturing company. 
Available on short notice. Location, immaterial. 
0-9001. 

GRADUATE ELBOTRIOAL ENGINEER, 
36, experienced largo prominent electrical manu¬ 
facturer, test course, sales and engineering 
departments, quotation, design, research, de¬ 
development, factory engineering supervision, 
technical reports. Investigation materials, 
power-factor coiTection problems and distribu¬ 
tion systems. Transformers, motors, generators, 
switchboards, etc. Desires position, design, 
sales, consulting, engineering, general techni¬ 
cian. Location preferred, east, south, 0-7321. 

1929 GRADUATE ELBOTRIOAL ENGI¬ 
NEER, age 24: 15 months of General Electric 
Test course and first year of advanced engineer¬ 
ing course. Now taldng graduate work at 
Harvard Engineering school. Desires position, 
with a future. Location preferred, Cleveland, 
Ohio. Available in June. 0-8979. 

ELBOTRIOAL ENGINEER, B. B. degree, 
26, single. General Electric Test course, public 
utility test experience. Two years* experience 
sotmd picture industry. Interested in position 
with manufacturing company or public utility. 
Available at once. 0-4810. 

ELECTRICAL ENGINEER, 30. single, 
technical graduate, G. E. Test, 10 years design 
and construction of substations, power plants, 
electrical railways and mines, 5 years foreign. 
Desires position as engineer or general foreman. 
Location, anywhere. Available at once. 0-217. 

GRADUATE BLEOTRIOAL BNGINBBR, 
28, four years’ manufacturing experience in 
production and engineering on electrical motors. 
Desires position with company where greater 
opportunities are offered. 0-2882. 

GRADUATE BLEOTRIOAL ENGINEER, 
35, good technical school; Ten years’ experience 
in electrical station construction and design 
drafting, including considerable mechanical 
experience. Latest position superintendent of 
design and consthiction of transformer sub¬ 
station. Prefers station design and construc¬ 
tion with utliity, would consider engineering 
industrial plant maintenance or operation, 
0-7048. 

GRADUATE ELECTRICAL ENGINEER, 
26. Three years electrical test engineer, public 
utility company. 


electrical design engineer resistor control 
devices. Desires electrical engineering position 
with definite future opportunities. Prefers 
development and design of signal apparatus. 
Available immediately. Location prefeiTed, 
Metropolitan New York, but wiU consider 
others. C-8999. 

ELBOTRIOAL ENGINEER, age 28; single, 
considerable industrial experience; one year as 
graduate assistant; M. S., Iowa State College, 
1930; B. S.. Pennsylvania State College, 1926. 
Desires position as instructor, with the prospect 
of a permanent teaching position. C-3202. 

ELBOTRIOAL ENGINEER, university 
graduate, 36, married. Background of eight 
years* experience electrical testing in field and 
laboratory. Additional 3H years* experience 
in testing and mamifacture of radio tubes. 
Desires position as test engineer with radio tube 
manufacturer. Location prefeiTed, Metropoli¬ 
tan New York. Available now. B-8817. 

ENGINEER, E. E. 1926 Ga. Tech. Age 29, 
married. Several months drafting with Georgia 
Power Company. Five years* experience in 
large sugar mill in Ouba. Four years as chief 
electrician. Working knowledge of Spanish. 
0-9027. 

1931 BLEOTRIOAL GRADUATE, single, 
23, available Immediately. Will receive diploma 
from Texas University in Jime. Desires any 
engineering work with opportunity to advance. 
Has had experience In bookkeeping and typing. 
0-9019. 

ELBOTRIOAL AND ILLUMINATING 
ENGINEER, B. S. and E, E. degree, 31, 
married. Two years* experience with incan¬ 
descent lamps. Two years designing motor 
controllers and pilot switches for larg machine 
tools. Seven yeai*s* experience with designing 
motor starters, speed regulators, rcslstanc 
specialities, theater dimmers, flood-lighting and 
window lighting control. Location pr ferred, 
New Yorlc or California. B-4850. 

ELBOTRIOAL BNGINBBR, recent gradu¬ 
ate, desires a position In the Bast with an 
electrical contractor or with a manufacturing 
concern for production. 0-8976. ^ 

GRADUATE BLEOTRIOAL ENGINEER, 
single, two years* experience on factory appren¬ 
ticeship course, electrical and mechanical 
testing, five years sales engineer in wire and 
cable indiistry, four years industrial selling. 
Desires position as sales engineer or com¬ 
mercial and power sales work with a utility, 
liocation preferred, Eastern United States. 
B-6002. 

COLLEGE GRADUATE, 23, single, B. S. 
In B. E. in 1929. Eighteen months' experience 
with service department public utility. Desires 
position in any electrical line with futui'e and 
opportunity for advancement. References. 
Available at once. 0-9034. 

GRADUATE BLEOTRIOAL ENGINEER, 
Columbia University, 1900. Age 46. Twenty- 
five years’ experience with design and general 
engineering problems of steam-electric gener¬ 
ating starions and distribution substations. 
Desires position as electrical engineer with pub¬ 
lic utility company or engineering firm. A-5466. 

DEVELOPMENT AND RBSEAROH 
ENGINEER, M. B., E, E. with considerable 
and successful record with intricate 


One and one-half years experience 


387 
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electromechanical problems involving theory 
mathematics, high designing and super¬ 
vising skill. Radio-frequency circuits and 
measurliig instruments. Remote control an d 
public-address systems. Position desired in 
New York City. A- 166 . 

SENIOR ELECTRICAL ENGINEERING 
STUDENT, 23, wishes appropriate opening in 
electrical industry; manufacturing, test or 
operating. Best references. Location, imma¬ 
terial. Available June 22nd. 0-0084. 

ELBOTRIOAL ENGINEER. 1930, age 31, 
single, U. S. citizen. Graduate from an engi¬ 
neering college of a “big-ten” university. Tele¬ 
phone and machine shop esperience. Speaks 
Greek besides English. Wishes permanent 
position in any engineering field. Location, 
immaterial, go abroad. 0-0076. 

UTILITIES ASSISTANT EXECUTIVE or 
local manager. Trained mechanical, electrical, 
and refrigerating engineering. Experienced 
operating, construction, engineering, manage¬ 
ment, public relations, selling, general business 
administration, accounting. Most valuable to 
organization desiring to effect maximum econ¬ 
omy operating moderate sized property or 
^vision larger property. Now engaged, own 
business. Willing to prove value to employer, 
salary moderate to start. 0-9050. 

ELECTRICAL ENGINEER, married, with 
20 years’ electric utility operating experience in 
engineering, construction, maintenance of dls- 
Mbutlon and transmission lines, Substations, 
nrst-ald and educational work. Experience in 
solving radio interference problems. Can qual¬ 
ify as electrical superintendent or assistant 
to manager. Proved record of qualifications 
C-7700. 

GRADUATE ELBOTRIOAL ENGINEER, 

B. S. degre 1928, single, age 26. Two years’ 
electrical distribution experience; one year of 
research work. Desires position with a pubUc 
utility or manufacturing concern. Willing to ' 
start at bottom of any work with a future. ^ 
Available on short notice. Location preferred " 
Baatem United States. 0-7341. ’ ] 

TEOHNIOAL GRADUATB desires position 1 
"with, public utility. Twelve years' experience 
on overhead transmission and distribution, 
design, estimates, field checks, etc. Age 87 * 

mairied. B-0248. ' , 

BLBOTBIOAL AND RADIO BNOINBBR, o 
four yearo’ e^erience in research and develop- o 


r ment. Designing, constructing, servicing, and 
■ experimenting with radio circuits, amplifiers. 

I vacuum tubes, and sound recording. Three 
^ years with research bureau of power company 
I Testing, checking, and caUbratlng laboratory 
instruments, relays, station apparatus. Prefei-s 
New York or vicinity, 0 - 3087 . 

ELECTRICAL ENGINEER. 1928 graduate 
ofarecognlzedunlversity, 26, single. One year 
pubUc utility experience, years as special 
apprentice on largo electrified railroad. Avail¬ 
able on short notice. 0-9112. 

ELECTRICAL ENGINEER. 34 years old, 
with extensive machine-shop experience in 
production and maintenance; also power house, 
^d machine designing. Graduate of Cooper 
Union Institute of Technology. Willing to go 
anywhere. Good reference. C-1300. 

SWITCHBOARD ENGINEER, age 30, 
^gle, American citizen, German college educa¬ 
tion. Six years practical electrician. Elve 
years with Westlnghouse Electric and Railway 
Supply Co. Thoroughly familiar with design, 
layout and construction of slate and steel 
panels. Expert in wiring diagrams; power and 
control circuits, relay applications and meter¬ 
ing schemes. 0-9037, 

PROFESSOR OP ELECTRICAL ENGI¬ 
NEERING, 32, married, B. S. (E. B.) and 
E. E.. three years with General Electric Com¬ 
pany, five years with public utIUty. four years’ 
teaching and administrative experience in state 
university. Excellent references. Available 
for next academic year. Correspondence in¬ 
vited. 0-7162. 

ELBOTRIOAL ENGINEER. 1930, B, S, in ' 
E. E., 24 years old, desires connection, any kind 
of work except sales or radio. Location, 
immaterial. 0-9106. 

GRADUATE ELECTRICAL ENGINEER, « 
age 28, married, 8 years of industrial control,’ « 
power plant design, and construction super- > 
vision experience with contractor. Desires ^ 
position with public utility or manufacturing ^ 
concern’s engineering or construction depart- ^ 
men,ts. Location desired. Middle West. 0-4428. 


I GRADUATE ELECTRICAL ENGINEER. 
. 25, B. S. degree ’29. Nineteen mouths’ experl- 

) ence on general electric test, including 8 months 
as assistant foreman and foreman of power 
^ mercury arc rectifier test. Desires connection 
i with operating or construction company In East 
or Middle West. 0-9089. 

electrical ENGINEER, graduate 33 
married. 13 years’ office and field experience 
design and construction power plants, substa¬ 
tions, distribution systems, industrial electrifi¬ 
cations, etc. Familiar with motors and control; 
some steam experience. Six years in Latin- 
America in positions of responsibility; fluent 
Spanish. Used to handling men. Seeks perma¬ 
nent connection in U. S. A. 0-8653. 

design draftsman 

OR CHECKER, age 31, single, fourteen years' 
experience on power plant, high- and low-volt¬ 
age substation and automatic railway sub- 
stetlon design. Equivalent of college educa¬ 
tion. Available immediately. Location, im¬ 
material. B-8628. 

PROFESSOR OP ELECTRICAL ENGI¬ 
NEERING, Ph. D., wishes position as head of 
department of electrical engineering in a grow¬ 
ing institution. Excellent general electrical 
^glneerlng teaching and practical experience. 
B-660, 

GRADUATE ELECTRICAL ENGINEER 
31, single. 8 years’ experience, design and con¬ 
struction of transmission lines, voltages up to 
^d Including 220 kv., outdoor and indoor 
high-voltage substation and distribution net¬ 
works. Desires position in engineering or con¬ 
struction department of large utility or holding 
company. Location, immaterial. 0 - 3564 . 

ELECTRICAL ENGINEER. 28. Nine 
years’ varied experience with power and com¬ 
munications companies. Successful design and 
supervision of experimental apparatus con¬ 
struction. Special transmission work with 
network and cables. A-c. measurements, high- 
voltage test, telephone plant work. Graduate 
Georgia Technology cooperative course. Loca¬ 
tion, preferred. New York or vicinity. 0-9044. 


ENGINEER, age 42, electrical wiring layouts 
for industrial plants and buildings of a large 
variety for engineers, contractors and archi¬ 
tects; also experienced in construcrion and 
operation. Location desired, New York City 
or N orthem New Jersey. B-6068. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Fost St. 

San Francisco- 
N. D. Cook, Manager 


206 West Wacker Drive 
Chicago 

A. K. Krauser, Manager 


31 West 39lih St. 
New York. 

W. V. Brown, Manage 


J^'^^T’^NED by the national socie¬ 
ties of civil, mining, mechanlcsa, and 
electrical eng^eei's. in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers' Club of San Francisco. 
An inquiry addressed to any of the three 

offices will bring full Infopmatlon concern- 

‘ ink services of this bureau. 

, M n A.Tailabl .—^Brief announcements 
■vrill be published without charge; repeated 
only upcm speciflc request and after one 
month’s interval. Names and records 
remain on fil for three months; renewable 
.. .upon request. Send announcements direct 
: to Employment Service, 31 West 39th 
8tr^t,3srowYork,N:Y.,t6airiven tlatw 
€1m fifteenth the month.' 


Opportunities. —^A weekly bulletin of 
engineering positions open is available to 
members of thp cooperating societies at a 
subscription of S3 per quarter or $10 per 
annum, payable in advance. 

Voluntary Contributions.— Members 
benefiting through this service are invited 
to assist in its fm’therance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.6 per cent of the 
first year's salary. 

Answers to Announcements*—^ 
Address the key number Indicated in 
wh case and mail to the New York office, 
with an extra two-cent stamp nclosed 
for forwarding. 


GRADUATE ELECTRICAL ENGINEER, 
of Purdue University with 18 years', experience 
in design, construction, estimating, costs. 
T^uation and appraisal of power plants, sub¬ 
stations, transmission lines and industrial plants 
Indudlng five years in heavy electric traction 
^d rapid transit work. Open for opportunity 
with future. 0-8266. ^ 

SALES ENGINEER, electric specialties; 
^erience in utilities engineering, also Iliumina- 
tion and fixture manufacture. Available with 
tvro weeks’ notice. Salary or commission. 
V/-2942. 

^ mUBOTRIOAIi BNGINBBRING GRADTT- 
A'TE, experienced in sales, contact, lecturing 
and promotion work. Desires position as 
representative along utiUty or heavyHiuty 
industrial equipment lines. Location. Eastern 
preferred. B-4067. 

1929 GRADUATE, E. B., age 23, married 
One year experimental work on steam turbines. 
Imlf year laboratory assistant to research 
engineer of electric manufacturing company 
M present unemployed. Location, Immaterial. 

v-0132. 

EXECUTIVE OR STAFF ASSISTANT 
engineering education. Fourteen yean' broad 
experience with manufacturing, utility, and 
industrial surveys covering; cost reduction, 
production planning, standards, wage incentives, 
scientific management methods, statistical 
control systeffis, expense and cost analysis 
Capable organizer. I^fitable assistant to busj^ 
executive. Prefers East.. Oohrideranypropor 
sition, B-9122. 


Electrical Engineerinii 




RECENT GRADUATE ELBOTRIOAL 
ENGINEER, single, age 25. Desires engineer¬ 
ing work. Has had experience in drafting. 
Location, United States or foreign. Available 
immediately. 0-8437. 

GRADUATE ELECTRICAL ENGINEER, 
B. S. degree, 24, married, excellent physical 
condition. One year's experience in electric- 
shovel construction. Desires position with 
future. Location and salary immaterial. Best 
of references. Available at once. 0-9142. 

MECHANICAL - ELECTRICAL ENGI¬ 
NEER, American, 37 years old, six years in 
charge of factory mantifacturing 700 tons of raw 
sugar daily, factory employing 250 men. Has 
done considerable original work in welding. 
Capable of supervision of the design, layout, 
construction of plants handling large tonnage. 
0-9052. 

GRADUATE ELECTRICAL ENGINEER, 
B. S. degree, age 25 and single. Experienced 
in machine-shop and stool-construction work. 
Four years of practical and theory of eloctilcity 
in college. Willing to start at the bottom and 
work up with a reliable company. Available 
at any time. Location anywhere In United 
States. C-9135. 

GRADUATE ELECTRICAL ENGINEER, 
24, two years* manufacturing experience. 
Desires position on university stall with oppor- 
timity to work on Master’s degree. Available 
September. C-9167, 

1931 GRADUATE ENGINEER, single, age 
24. B. S. in E. E. from University of TTaTiianji 
in June. Prefers Junior engineer work in public 
utility or manufacturing concern. Willing to 
begin at bottom where ability, productivity, 
and personality will produce advancement. 
Good student. Best of references. Available 
June 1931. Anything anywhere considered. 
0-9094. 

ELECTRICAL ENGINEER, American, 40, 
married. Experienced In power generation, 
transmission, distribution and application to 
industrial uses. Work covers layout, constuc- 
tion, operation, maintenance, and repairs. 
Desires position as electrical engineer with 
manufacturing concern generating its own power 
or with utility company. Speaks Spanish. 
Available on reasonable notice. 0-502. 

SWITCHBOARD FOREMAN, 10 years* 
esiperience with construction companies for 
public utilities, wiring, construction and instal¬ 
lation of power house switchboards and control 
apparatus. Shop experience, manufacturing 
switchboards. 0-4831. 

MANAGER OR SUPERINTENDENT, 47, 
naumded. Executive, electrical or industrials 
Successful organizer, ffleient operator. Knows 
men; can handle them. Expedally interested 
In properties not now paying, where future 
depends on results. Reads, writes, speaks 
Spanish. Capable earning six thousand up. 
Available reasonably short notice. Location, 
not particular; prefers Western United States. 
0-8777-312-0-1-San Francisco. 

ELBOTRIOAL ENGINEER, B. S. in E. E. 
1930, age 25, single. Some steel miH operating 
experience. Now employed on G. E. test. 
Desi^ permanent position with utility com¬ 
pany in construction, maintenance, or design 
work. Good references and personality. 
0-9169. 

GRADUATE ELBOTRIOAL ENGINEER, 
1930, single, six months on Westlnghouse migi- 
neerlng course covering tests n switchboards, 
circuit breakers, regulators, motors, generators, 
etc. Nine months superviEifng telephone conduit 
bind cable pkmt construction and telephone 
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cable testing. Excellent physical condition. 
Desires permanent position with good future. 
Location, Immaterial. 0-9158. 

ELECTRICAL ENGINEER. coUege gradu¬ 
ate, 31, married. Eleven years in station, 
transmission, and distribution designs; system 
operation and planning; superintendence of 
meter and relay department; studies, reports 
and calculations. Good theoretical as well as 
practical background. Accustomed to responsi¬ 
bilities. Prefers New York or environs but wlU 
consider good proposition elsewhere. B-9401. 

1930 GRADUATE ELECTRICAL ENGI¬ 
NEER, 23, single. Has had four months on 
Westinghoiise Student Course and considerable 
industrial experience preceding graduation. 
Desires to connect with a public utility com- 


Me«>L 




Applications 
for Election 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to* membership In the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows Immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before May 31,1931. 

Anderson, F. E., Dept, of PubUc Woplts, State of 
CaJif,, Sacramento, Calif. 

Angle, W. P., Virginia Electric & Power Oo., 
Richmond, Va. 

Archer, B. T., (Member), B. T. Archer & Oo., 
Kansas City, Mo. 

Atlcinson, B. S. (Member), H. B. Sherman Mfg. 

Oo., Battle Creek, Mich. 

Beavers, M. F., General Electric Oo., Pittsfield, 
Mass. 

Becker, F. G., Electrical Trades School, Cincin¬ 
nati, Ohio 

Benson, O. R., General Electric Oo., San Fran¬ 
cisco, Oolif. 

Betz, L. G., Public Service Electric Sc Gas Oo., 
Hackensack, N. J. 

Blum, R. A., Buffalo General Electric Oo., 
Buffalo, N.Y. 

Brackett, O. H., Union Carbide Oo„ Niagara 
Falls, N.Y. 

Brennan, J. jr., Memphis Power Sc Light Co., 
Memphis, Tesm. 

Browne, T. E„ Jr., Westlnghouse Elec. Sc Mfg. 

Co., Bast Pittsburgh, Pa, 

Bunker, F, O., (Member). General.Electric Oo., 
Houston, Tex. 

Byron, T. J., New York Telephone Oo., Albany, 
N.Y. 

Cain, W. Wm Consolidated Gas Oo., New York, 
N.Y. 

Cutting, F. S., (Member), 98 Carolina Ave., 
Provldenoe, R. L 

Donabar, H. F., 2825 No. 50th St., Milwaukee, 
Wls. 

Drew, O. E., (Metnber), R. O. A. tostitute, Inc., 

. New York, N.Y. 

Duncan, R. L., fMember), R, 0^ A. Instltate, 
Inc., New Y;ork, N. Y, 

Dumin, B. J., Saskatchewan Power Commission, 
Saskatoon, Sask., Can. 

Bason, R. K., General Electrie Co., Beaumont, 
Tex. 


pany. Location, immaterial. Available on 
two weeks’ notice. Good references. 0-9150. 

ELECTRICAL ENGINEER. B. S. in E. B., 
1927, single. Twenty months* experience In 
design and testing of fractional hp. motors: two 
years’ industrial plant experience. FamiUar 
with motors and control equipment. Desires 
position as lectrlcal engineer. Location, im¬ 
material. 0-9168. 

ASSISTANT PROFESSOR OR INSTRUC¬ 
TOR IN ELBOTRIOAL ENGINEERING, 33, 
married, six years* administrative and teaching 
experience both E. E. and M. E. subjects. 
Position desired with technical school in South 
or West where opportunity is offered for 
advanced study and research. Available Sep¬ 
tember. 0-9166. 


Edwards, D. V., Electrons Inc, of Delaware, 
Newark, N, J. 

Edwards, G, W., Cleveland Railway Oo., Cleve¬ 
land, Ohio 

Ellis, E. A., Atlantic Electric Co., Boston. Mass. 

Essington, H. M., (Member), Chicago Surface 
Lines, Chicago, Ill. 

Findiow, O. W., Amalgamated Electric Oorp., 
Toronto, Out., Gan. 

Franlc, W., 312 Fredericka St., North Tona- 
wanda, N. Y, 

Puller, H. W., Saskatchewan Power Oommis- 
slon, Regina, Sasic., Can. 

Gallagher, D. H., PubUc Service Electric Sc Gas 
Oo., Orange, N. J. 

Garstang, W. W., P. R. MaUory & Co., Inc., 
Indianapolis, Ind. 

GUliatt, O. F., Toronto Hydro Electric System, 
Toronto, Ont., Can. 

(AppUcant for re-election) 

Gledhill, C. L., PubUc Service Electric Sc Gas 
Co., Newark, N.J. 

HUlebrand, A. G., Spicer Mfg. Oorp., Toledo, 
Ohio 

Hogg, T. H., (Member), Hydro-electric Power 
Oomm. of Ontario, Toronto, Ont., Can. 

Horn, R. S., Ray dio Ray Oorp., Spolcane, Wash. 

Jansaon, M. E., D. Van Noatrand Co., Ino., 
New York. N.Y. 

Jenkins, R. D,, Atchison, Topeka Sc Sdnta Fe 
Railroad, Albuquerque, New Mexico 

Johanaon, O. G., Jr.', N, E, P. Ezxgg. Sc Service 
Oorp., Boston, Mass. 

Johnson, G. W., Texas Power Sc Light Co., 
Palestine, Tex. 

Krauer, 0„ Otis Elevator Oo., Yonkers, N, Y. 

Lancaster, H. W„ The Bristol Co.. Akron, Ohio 

Lawrence, W. H.> Syracuse Lighting Co., Inc., 
North Syracuse, N.Y. * 

Leavy, M., Haaren High School, New York, 
N.Y. 

Lewis, W. Po American. Steel 5c Wire Oo„ 
Worcester, Mass. 

lines, M. B., Mountain States Tel. & Tel. Co., 
Denver, Colo. 

MacKenzie, N. H., United Engine rs Sc Con¬ 
structors, Newcastle Creek, N. B., Can. 

MacLaughUn, jR. B., American Tel. Sc Tel. 0 ., 
Cleveland, Ohio 

Malone, D. L., Student, Delta, Pa. 

Marqroft, H. O., Pennsylvania Water Sc Power 
Oo,, Holtwood, Pa. 

Marsden, H. M., BLartford Steam BoUer Inspec¬ 
tion Sc Insurance Co., New York, N, Y. 

McCall, O. O., Cleveland Electric XUuminatlng 
Co.; Cleveland, Ohio 
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McCarren, R. P., Anaconda Copper Mining Co., 
Anaconda. Montana 

Michelsen. C. H., 4456 Douglas Rd., Toledo, 
Ohio 

Miller. H. E.. General Electric Co., Philadelphia. 
Pa, 

Miller. R. H.. (Member). 624 Liberty Bldg., 
Des Moines. Iowa 

Morrison. A. C., Duke Power Co.. Charlotte. 
No. Car. 

Morse, J. A.. New England Tel. & Tel, Co., 
Boston, Mass. 

Nelson. J, W,. Park Coal Co., Leechburg. Pa. 
Nelson. L. V.. Union Electric Lt, & Pr, Co.. 
St. Louis. Mo. 

Osborne. J. I., Dept, of InsUtutlons & Agencies. 
Holmdel. N, J. 

(Applicant for re-election) 

Osterberg. E. T.. lUinois BeU Telephone Co,. 
Chicago. III. 

Owens, P., Brooklyn Edison Co., Brooklyn. 

N. y. 

Pearson, D. S., General Electric Co.. Erie. Pa. 
Perkins. E. P., AlUed Engineers, Inc., Jackson. 
Mich. 

Perkins, W. J.. General Electric Co., Philadel¬ 
phia, Pa. 

Persons. J. H., General Electric Co., Atlanta. 
Ga. 

Phelan. C. S.. U. S. Shipping Board. New York. 
N. y. 

PhilUps, R. J.. Scranton Electric Co.. Scranton. 
Pa. 

Syracuse Lighting Co., Syracuse, 

Pullen. W. S., (Member). Alaska Electric Lt. & 
Pr. Co.; Juneau Perry 5c Navigation Co., 
Joneai\, Alaska. 

Ranney, W. B., Washington Water Power Co,, 
Spokane. Wash. 

Rebsamen. L. M., City Water & Light Plant. 
Jonesboro, Ark. 

Reif, W, H., The Montana Power Co,, Bozeman, 
Montana 

Robinson. L. E., Chicago Rapid Transit Co. 

Chicago, m. *’ 

^aft.^^^., N. Y. O, High Schools, New York, 


To Grade of J^ellow 

MoNEBLY, JOHN K., professor of elec. engg.. 
Iowa State College, Ames. Iowa. 

PETURA, FRANK J.. general purchasing engr., 
Henry L. Doherty 5c Co., New York, 

REID, siARRY, president. Electric Manage¬ 
ment 51c Engineering Oorp., New York. 

To Grade of Memb r 

ALMQUIST, MILTON L., telephone engr., 
American Tel, 5t Tel. Co., New York. 

BAILEY. JULIAN C., general engr., Columbia 
Engg. & Mgt. Oorp., Cincinnati, Ohio. 

BARNES, MARION S., sales agent. General 
Electric Co., San Francisco, Oallf. 

CANFIELD. DONALD T., asst, professor of 
elec, engg., Purdue University. Lafayette. 
Indiana. 

CASEY, EDWARD A., district engr., Anaconda 
Wire 5t Cable Co., New York, 

CASSELL, RAYMOND L., asst, to president, 
W. S. Lee Engineering Oorp., New York. 

OHAIMPREUK, ALFRED J,, ta*ansmi8Slon 
and protection engr.. Pacific TeL 5t Tel. Oo„ 
SeatUe, Wash. 

COFFIN, JOHN R.. engr., Jackson & Moreland, 
Boston. Mass. 

COPELAND, MARK W.. Voorhees. Gmelln 5fe 
Walker, New York. 

DIEPENDERPER. JOHN H., asst, to supt. of 
distribution, Pennsylvania Power & Light 
Co., Hazleton, Pa. 

FARNHAM. WILLIAM E., local traffic engi¬ 
neer, American Tel. & Tel, Co., New York. 


FAWCETT, ORVILLE B.. malntonaiico «uiKr., 
West Penn Power Go., Pittsburgh, Pa. 
FOEBSTER, JOHN A.. gaiiorfU electrical .siipr... 

City Hall, Prince Albert. Sask., Caiiads. 
PRANK, AUGUSTUS A., cliiof englnorr. N. Y. 

Telephone Co.. Now York. 

GORHAM. ROBERT C.. asst. pnif. of olcc. 
engg.. University of Pittsburgh. IMius- 
burgh. Pa. 

GRISWOLD, DEMETRIUS W.. inanng«»r and 
chief engr., TheBritisit PJasler Ihiarcl Ltd., 
Cheshire. England. 

KENT. HARRY E.. asst, ongr., N.ilioiial 
Electric Light Association. Now York. 
lane. FREDERIC ALLBN. oloctrksil ciigr., 
American Gas 5c Electric Co., Now Vt»rk. 
LITTLE, THOMAS J.. maiiagor. tninsinisston 
sales dept.. Anaconda WIro 5c Cubit* Co,, 
New York, 

PARKER, OARLETON H., nsst. lino signal 
supervisor, United Electric Railways Co.. 
Providence. R. I. 

RODRIGUEZ. RODOLFO OID, chief elec¬ 
trical engr.. National Itallways of Mexics>. 
Mexico, D. F. 

ROYDEN, GEORGE T.. <11 visit m engr., 

Mackay Radio Sc Telegraph (Jo., S<in 
Fnuuilsco, Oalir. 

TOWNSEND, ARTHUR, chief itis|its*(i>r. 
Saskatchewan Power Ot)mmfcwItin. keghm. 
Sask., Canada. 

TULLAR, CHARLES B., iiiaimgttr. jaLtoiil. 
dept.. General Eloc. Cn., .McheiietHailv. 

IkT -XT ^ ^ 


E. 


QjfiiKBeroi^ 


Lit 


Shifrin, L. I.. National Crafts Supply Co.. New 
York, N, Y. 

Simon, A. B.. Jr., Senior. Purdue University. 
W. Lafayette. In<iiana 

Smith, E. P.. University of Florida, Gainesville 
Fla, 

Stew^. W, J.. N. J. Power Sc Light Co.. Hol¬ 
land. N.J. 

Taylor, E. H., Westinghoiise Elec. Sc Mfg. Co. 

East Springfield, Mass. * 

Welch, E. S. (Member). Southern IncUana Tel, 
& Tel. Co., Seymour. Indiana 

A. R. (P nop). 4 Ogden Ave.. WUte 
Plains, N, Y. 

Young, B. W., Edison Bli)|Ctrical Illuminating 
Co. of Boston, Boston. Mass. 

Zak, P. J., Virginia Electric St Power Go., Rich¬ 
mond. Va. 

Total 84 

Foreign 

® -Allahabad. India 

TramwaT* * Power Oo., 
Pernambuco, Brazil, So. America 
Mlno^ K. R^., Intematloual General Eleckic 
Co., Ltd,, Lahore, India 

Service Electrical Engg. 
OoHege, Rawalpindi. India 

' Oonjinlslonera. 

Totalg Liverpool.England 

Transfers 

Recommended 

The Institate^s board of exmniners at its 
Of 26. 1981. recommended 
following members for transfer to the grade of 
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New Books 

In the Societies Library 

yt MONG the new books rdoeiv6<l at 
the Engineering Societies Library, 
New York, during March are the follow¬ 
ing which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified 
Iwoks Usted have been presented gratis by 
the publishers. The Institute assumes 
no responsibiUty for statements made in 
the following outlines, information for 
whi^ is taken from the preface or text 
of the book in question, 

Bradley Jones. N. Y. 
John Wiley & Sons, 1931. 314 pp.. illns 

^ X 6 in., clo^. $2,75_ X 

teef textbook, intended to give the avii^ 
knowledge of the subj*^ 
methods of com¬ 
puting <^tance and track, drift correoti^ 
sj^rt methods for finding 
position by wtronomio methods, ra^ 
navigation and fog flying are discusseS^ 
TTOBINBN-SCHNBLLAfiFHlRN, Theorio 
By Viktor Kaplan and Alfred 
L^^er. Mtinchen, R. Oldenbourg, 1931 

— 

inis book, winch is an 
^written edition of Plrofessor Elaolan^ 

work upon high-speed turbin^imd of ^e 


* • . — * ifiii null}. 

t®!- '““no*" »n<l 

m«t!ho<fa of regnifttion aro sot, fortli and 
illusta-ated by actual installations. Pro- 
» summary of 
the h^jr^meohamcal mvoRtiiiations that 
turbino msi|;nor, and 
a statement of turbme theory, 

^ MATICniALH. 

Tenting Malerials, 
diners., 

r’JntiS:’ >‘0^ mdxealod.- 

Oontams eighteen i>aper8 by various 

dweussmg matters of imttato, 
aJtoys, woods and textiles used In oon- 
^ctmg aiwsraft, ^rotaft finislios, ili, 
use of stampings and costings, failuros of 

parts, specaoationafmwiKo^ 

IndITOTMAL AoCIDENT I^IiBYRNTION* a 
1^ PP^Hlus., tobies, 8 re 

by step, the prowdure for TtemS 
the wuMs of accidents, the sel^lon smf 

^les, 9 X 6 in., doth. » 
discusses compart Diesel 
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and steam plants, the operation and ad¬ 
justment of Diesel engines and their 
suitability for various kinds of work, Ifc 
also gives descriptions of engines being 
made at present in this country, and parts. 

Standard Four-Figure Mathemati¬ 
cal Tables. 2 vols. (1 voL, Edition A; 
1 voL, Edition B). By L. M. Milne- 
Thomson and L. J, Comrie. Lond. & 
N. Y., Macmillan Co., 1931. 245 pp. 
each vol,, diagrs., 11x8 in., cloth. $4.60 

each vol.-This work is intended to 

provide a comprehensive table of the 
numerical values of the elementary func¬ 
tions that are in constant use in the 
applications of mathematics in physics, 
engineering, statistics, etc. It includes 
a number of tables on trigonometrical 
functions with the argument in radians, 
hyperbolic functions, inverse trigonomet¬ 
rical and hyperbolic functions, natural 
logarithms and powers of e. Edition A 
has positive characteristics in the loga¬ 
rithms; edition B, negative characteristics 

Relays in Automatic Telephony; 
Their Construction, Design and Adjust¬ 
ment, together with the Theory of Im¬ 
pulsing and the Measurement of Time 
Lags. By R. W. Palmer. N. Y., Isaac 
Pitman & Sons, 1930. 192 pp., illus., 

diagrs., 7x5 in., cloth. $3.00.-^A 

textbook in which the subject is explained 
clearly and simply. 

Qualitative Chemical Analysis. 
By Herman T. Briscoe. N. Y., D. Van 
Nostrand Co., 1931. 279 pp., diagrs., 
9x6 in., cloth. $2.25.-^A compre¬ 

hensive treatment of the subject, intended 
for students with some knowledge of 
general chemistry. The first half of the 
book presents the theories and principles 
of electrolytic solutions and the properties 
of the various anions and cations which 
are involved in the analytical procedures. 
The second half gives a practical labora- 
toi^ course. 

Organization Engineering. By 
Henry Dennison. N. Y., McGraw-Hill 
Book Co., 1931. 204 pp., 8x5 in., cloth. 


$2.00.-This book discusses the prob¬ 

lems of group action and points out some 
of the conditions necessary for effective 
organization work. The characteristics 
of human nature are surveyed, methods 
for guiding and increasing joint produc¬ 
tivity considered, and the principles of 
organization structure set forth. 

Illuminating Engineering Equip¬ 
ment, Theory and Design. ByL.B.W. 
Jolley, J. M. Waldram and G. H. Wilson. 
N. Y., John Wiley & Sons, 1931. 709 pp., 
illus., diagrs., tables, 10 x 6 in., cloth. 

$12.00.-Starting with an account of 

the fundamental principles of illumina¬ 
tion, the authors next describe the varie¬ 
ties of electric lamps used as soiurces of 
light, and then take up the question of 
lighting equipment. This topic is the 
major one of the book and is treated at 
length. The types of equipment for 
various purposes; their mechanical design; 
reflecting, diffusing and refracting media; 
projecting systems; color media; and 
equipment for the stage, advertising, 
studios, etc. are discussed. A section is 
also devoted to auxiliary equipment. 
Of use to everyone interested in the selec¬ 
tion of equipment. 

Commutatrices et Convertisbeurs 
Rotatips. By M. Barr^re. Paris, J. B. 
Ballli^sre et Fils, 1931. Illus., diagrs., 

9x6 in., paper. (No price given).- 

A practical textbooK upon the theory and 
design of rotary converters. 

Communication Networks, v. 1; 
Classical Theory of lumped constant 
networks. By Ernst A. Guillemin. N. Y. 
John Wiley & Sons, 1931. 425 pp., 
diagrs., 9 x 6 in., cloth. $6.00.-Exist¬ 

ing texts on the principles of communica¬ 
tion, the author states, deal with the 
theory and practical significance of special 
types of networks commonly used in 
radio or telephone circuits. In the pres¬ 
ent book an attempt is made to take a 
broader view, by considering matters that 
are not of direct practical use, and thus to 
give the student a more thorough grasp 


of the fundamental methods of attack 
upon network problems in general. A 
succeeding volume on the theory of lines, 
cables and filters will appear next fall. 

Barlow’s Tables op Squares, Cubes, 
Square Roots, Cube Roots and Recip¬ 
rocals of all Integer Numbers up to 
10,000. 3rd edition, edited by L. J. 
Comrie. London, E. & F. N. Spon, 1930. 

208 pp., 9x6 in., cloth. 7/6.-For 

90 years Barlow’s Tables nave been 
printed from the plates prepared for De 
Morgan’s edition of 1840. The present 
edition is reset from modem type, and 
advantage taken of the opportunity to 
restore certain tables omitted from the 
second edition, some valuable new ones 
added, and certain other improvements 
effected. 


Engineering Societies Library 

29 West 89th Street. New York, N. T. 

AINTAINED as a public reference 
library of engineering and the allied 
sciences, this library is a cooperative 
activity of the national societies of civil, 
electrical, mechanical, and mining engi¬ 
neers. 

Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 

A collectioii of modem technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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n 31-81 H. B. Marvin...The Measurement of Machinery Noise 
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Selected Items From 

Engineering Index Service 


REGENERATIVSI. Lo froiiiase Mectriquo 
en courant conttnu dea trains siir pontos (I'Jqc- 



C ELECTED references _ 

^ electrical engineering articles from 
Engineering Index Service’s review of 
some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on fUle in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 26 cents per page or 
make translation of foreign articles at 
cost. 

Arcs 

ELECTRIC. Dynamisches Verhalten des 
Mchtbogens nach Untersuchung mit dem 
Kathodenoszlllographen (Dynamic Behavior of 
Electric Arc According to Study With Cathode 
Ray Oscillograph), H. Klemperer. Archivfuer 
Elekirotechnik, vol. 26, no. 1, Jan. 27, 1931, pp. 
73-80, 15 figs. Purpose of study is to investi¬ 
gate whether arc, after elapse of 1/100,000,000 
sec., already has properties of stationary arc. 


OIL-FILLED. Oil Reservoir on Cable Joint 
Saves Material, O. L. Riggs. Elec, World, 
vol. 97. no. 10, Mar. 7, 1931, p. 466, 1 flg. 

Material and pole space may be sav d in three- 
conductor type aerial cable by mounting 
oil reservoir on Joint itself; in this way running of 
long hose from pole to joint may be avoided. 

On-Filled Cable Lines in London, C, E. C, Converters 
King. Elec. Times, vol. 79, no. 2060, Feb. 19, 

1931, pp. 231-234, 12 figs. 66,000 volt oU-flUed 
cable of British grid system which are now in 
operation linking up Hammersmith, Battersea 
and Fulham power stations of London Power 
Company. 

TELEPHONE. Telephone Cables—N. A. 

Allen. Elecn,, vol. 106, no. 2753, Mar. 6, 1931. 
pp. 360-361, 3 flag. Recent improvements in 
design of short (Ostance types for subscribers' a'lCAcciiicb 
circuits. 


VVA. uu. .laii. . 

Tentative study of prlnclploa lu oraiiinB wim 
recuperation of energy under normal speed aiul 
transitory high speeds. 

Regenerative Control In Paris, Bacquuyi'isso. 
Tramway and liy. World, vol. 60. no. 8. P'oh. 12, 
1931, pp. 83-84. Reply to British vlewi>oii)t of 
regenerative control; applicaflon to British 
Systems; gearratio; reports on damage. 


FREQUENCY. Frequohcy-Oliangi^rs, S, 
NevlUe. Power Engr., vol. 26, no. 2i»0. l<'ob, 
1931, pp. 46-49. OharacterlHtic types, limita¬ 
tions and operating features of syiichrouous, 
induction-synchronous and aHyiicIironoiis fre¬ 
quency changers. 


Armatures 

WINDINGS. Die elnfache Auafuehnmg der 
Bmckloch-Ankerwicklungen fuer Wechselstrom 
(Simpto Method for Design of A-C. Arma- 
toe Windings), T. Seiko. Elekiroteehnik und 
Maschinenbau, vol. 49, no. 2, Jan. 11, 1931, 
pp. 21-29,13 figs. Simplified method for la;^g 
out of a-c. windings in which number of slots 
per pole and phase contains fractional value; 
method is developed for three-phase windings 
but can equally well be applied to single phase 
windings. 

Atmospheric Electricity 

MEASUREMENTS. TTeber die Messmeth- 
oden der elektrischen Leitfaehlgkeit der Atmos- 
plmwe (Measuring Methods for Electric 
Conductivity of Atmosphere). J. Scholz. Phys- 
3. Feb, 1, 1931, pp. 
130-139, 4 figs. Two sensitive apparatus were 
Tued to exclude meteorologic influences: it was 
shown that In comparative measurements, if 
p^ble, determination of potential gra^ent 
with Tfuiloactlve sounding equipment should 
take place at great distance from location of 
observation, as deviations of over 100 per cent 
were often noticed. 

Gables 

eter and* length-of wire, has been found to be 
S£2?+wJi ^ locating conductor-to- 

^lead-covered parkway cable on 
series street lighting systems' vu. 

inductance. The • Inductance Coeffi- 
a plrcidt, and Thefr AmI^ 
^ns, A. Rj^^. InsU Elec, JSnprs.—vol 
58; ^331, pp. 27&‘2$0, 9 to’ 

Thgwetic^ malh^iatical study applied to 
electric cables and their sheath losses. 

materials. Cable Ter- 
Box Compounds. Jl. Woodrow, EUc, 
Ertgr, Australia and New Ze^and, vol, 7. no 10 
Jf g- lf . IMl, SP. 3SM58, 1 flg.’ 

la lasolatfiu coaqioimds and proper^ 

ssassKigAr-'“ 

tMd Sheaths for 
s'** A. ARen, Elec, Reo,, vol. 108 noa 
1031, pp,. 276-276 
® Owes with pure* 

lead-impmri^ aUoys;leadSmtim^ 

AUo studio delle 

^e-Oouductor Cables), 

r'lM^aeaJss^iSjg-g 


TESTING. Barth Currents, R. N. Pegg. 
Elec. Ecu., vol. 108, no. 2779, Feb. 7. 1931, p. 
370, 2 figs. Tests indicate that small currents 
in cable sheaths do not necessarily denote high- 
resistance faults. 

Circuit Breakers 

COMPRESSED AIR. Latest Developments 
m Compressed-Gas Circuit Breaker Design, 
O. Mayr. AEG Progress, vol. 7, no. 1-2, Jon.- 
Feb. 1931, pp. 30-32, 8 figs. Outdoor type of 
compressed-gas breaker up to 100-kv. worirfrig 
voltage and its operating (^aracteristioi. 

OIL. Neuer Motorschutz-Oelschalter mit 
Fernbetaetlgmng (Itovel Remote Control Pro- 
toctiye Motor Oil Circuit Breaker). A. Cohn. 
EJekirofechnische Zeit, vol. 52. no. 9, Feb. 26. 
1931, pp. 259-260, 6 figs. ABG-MSBO equlp- 
ment for 560 volts, 60 amperes is non-interlocked 
pi^-button control remote control breaker, 
suitable for heavy duty intermittent operation; 

stripping is used; high speed magnetic 
short circuit Is employed which makeslnter- 
rupting of currents up to 10,000 amperes possible. 

4 PRl^SURE. Pressure Phenomena 

Ofl-CMrcult Breakers, W. M. Leeds. Elec, 
28. no. 3, Mar. 1931, pp. 162-166,14 figs. 
Os^ograph records of pressure in medium cmd 
^h-speed breakers show that tank walls are 
Pr^swe surges of very steep wave¬ 
front living deflmte frequency between 10 and 
60 cycles per a^.; from results of large number 
theory has been developed 
to account for these pressure waves. 


Ocmtribution to the Theory of DieluctrlcH, 
G. Gueben. Lond,, Edinhnrgh and Dnblin 
Mag. and JL Science, vol. H, no. 
69, Feb. 1931, pp. 405-410, It is suppowMl that 
cjjrront in dielectric is due both to contrilMition 
of dipoles and to presence of Jons; part duo to 
each of these two elements Is dotorininod anil 
rormula is proposed for gonoral exprosBloii of 
current in solid dielectric. 

Mo^m Theories of Bielectrlca, W. N. Shtiips. 

28, no. 3. Mai-. 1031, np. 183 mid 
186. rwo Of first questiona aslced about any 
new tpsulating material have to do wJtli Its 
. dielectric constant and its pi>wor-factorj within 
recent years, understanding of those proportios 
2i.« Increased gimtly; general 

discussion of modern conceptions is glvon. 

Dynamometers 

The Dwi^o-Kloctrlo Machine 
as a Dynamometer, B, P. Haigh. Enoineerino 

12^ flea’ P**-^^*”**’*^’ 

Modifications reciulred to enable 

?t^w? measure tort|uo In 

certain precautions that should ho 
observ^ in order to obtain acciu*ato rosiilts* 


Condensers 


mSS I ifi fcV “ “2®- “ Investl- 

matter is ba^ on condensers of medimn 

spondlnglylargenetworks. . ^ 

o*^9y®* _ EACTOR IMPROVBMRNT. 
Stehstroi^Kondensatoren zur BUndstrom. 
gompansaljon und Ihre Wlrtsehaft]ia&^ m 
fodust^anlas^ (Slcotrlc Oondensers for Re- 
T “PS”??**®® BoononS 

S' 


Developments lu Hydro- 

^331, pp. 16W69 
178, 6 figs. Devices incorporated to aafA- 
gjMurd equipment in practidUly everv 
able way are briefly described, repetitions of 
prerious publications be^ avoided whS^vS; 

S2r i-H: 


Education 

Some Facts about tlui 
hl^ and low studentel^SS b? 


Control 

speed M 


Electric Drive 

Welland Ship Canal_ 

Whole of machinery reaulrod for 
controls, ulterlocking and iif 
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Electrical Engineering 



Electric Discharge 

GLOW. On the Distribution of Space- 
potential in Frequency Glow Discharg » 

D. Banerji and K, Ganguli. Lond,. Edinburgh, 
and Dublin Philosohpical Mag. and JL Science, 
vol. 1, no. 09, Feb. 1931, pp. 410-422, 6 figs. 
Exploring collector method of Langmuir and 
Mott-Smith has been applied to study space- 
potential distribution, ionic concentration, cur¬ 
rent density, and average electronic velocity In 
case of high-frequency discharge through rare¬ 
fied air and oxygen; it has been fotmd that 
potential distribution is symmetrical about 
middle point of discharge-tube, both electrodes 
acting as cathodes in corresponding d. c. dis¬ 
charge. 


Electric Equipment 

DESIGN. Tendances actuelles dans I’fiquip- 
ment dlectrique des centrales (Present Trend 
in D^gn of Electric Powerplant Equipment), 
V^. Olerin. Union des Inglnieurs Sortis des 
Ecoles Speciales De Louvain — Bui. Technique, 
no. 4, 1930, pp. 41-76, 23 figs. Development in 
high capacity electric powerplant and substation 
machinery and equipment in United States and 
Eui'ope is reviewed and illustrated; wh’ing dia¬ 
grams are given. 


Electric Heating 

The Heating of Buildings, D. J. Bolton. 
Elec. Rev,, vol. 108, no. 2777, Feb. 13, 1931, pp. 
306-307. General considerations governing use 
of electricity for purpose; fuel costs of alternative 
^sterns; compai'ative etficioncles; capital expen¬ 
ditures; costs of operation; Indhect advantages 
of electric heating; thermodynamic principles. 

INDUSTRIAL. Industrial Electric Hoat- 
ing. Elec. Engr. Australia and New Zealand, 
yol. 7. no. 10, Jan. 16, 1931, pp. 365-369. 
Applications and advantages of electricity for 
mdustrial heating in which author points out 
that electricity competes successfully against 
other heating media on accoimt of its advan¬ 
tages rather than its cost. 


Electric Lines 

GROUNDING. Earthing of B.H.T. Sys¬ 
tems, J. Eccles, Elec. Times, vol. 79, no. 2050, 
Feb. 5, 1931, pp. 243-244, 3 figs. Practise of 
earthing e.h.t. transmission systems tluough 
timed choke colls instead of through non- 
inductive resistances has been developed princi¬ 
pally on continent and for certain systems It 
has indisputable advantages. 

CALCULATION. Sinusoidal Ourrents in 
Linearly Tapered Loaded Transmission Lines, 
J. W. Arnold and P. F. Bechberger. Inst. 
Radio Engrs. — Proc., vol. 19, no. 2, Feb. 1931, 
pp. 806-310, 3 figs. Worldng formulas for cal¬ 
culation of input impedances and attenuation 
are obtained for transmission line in wMch 
resistance and Inductance per unit length are 
linear functions of distance, and in which capaci¬ 
tance and leakance ai*e constant; generalized 
functions depending on initial constants and rate 
of taper are introduced, in such way that formu¬ 
las and functions are analogous to usual formulas 
and hyperbolic functions. 

HIGH TENSION. Ueber uuglelchmaesBig 
vertellte Zusatzlast bei Hochspaniiungsleitungen 
mit Haengisolatoren (Unequally Distributed 
Additional Load In Electric High Tension Lines 
on Suspension Insulators). O. Strand. Elek- 
irotechnisehe Zeit, vol. 62, no. 10, Mar. 5, 1931, 
pp. 316-320, 6 figs. Method for calculation of 
aH osymetric loading conditions for stranded 
conductors by which it is possible to determine 
irregularities in span, vertical load insulators, 
etc., in simple manner. 


Electric Signs 

NEON* A Short Analysis of the Neon Sign 
Situation, A. "W. Murdock. Elec. News, vol. 
40, no. 4. Feb. 16, 1931, pp. 49-50. As operat¬ 
ing costs over 6-year period ai*e only 25 per cent 
of incandescent signs large Increase in use 
may be expected. 


Electrolysis 

WATER PIPE. Why Prohibit Grounding of 
Telephone Cable Sheaths on Water Pipes, I. D. 
Yan Giesen. Water Works Eng., vol. 84, no. 
3, Feb. 11, 1931, pp. 169-160 and 180 and 183, 
6 figs. Report on experiments conducted by 
^ectrolysis engineer of Department of Water 
and Power, Los Angeles, Cal.; use and effects of 
a.c. and d.c. currents; dual nature of stress in 
chained conductor; joint use of poles causes 
trouble; noise reduced by grounding; investiga¬ 
tion of noise arising from joint use of pol^; 
effects of grouAdlc^ how ground Is to be made. 
Before Am. Water Works Assn. 
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Furnaces 

Les foiu*s glectrlques a r5cup6ration aux 
usines Citroen (Recuperative Electric Furnaces 
in the Citroen Plants). Jl. du Four Elecirigue, 
vol. 40, no. 1, Jan. 1931, pp. 11-13, 4 figs. Heat 
treatment equipment savmg approximately 20 
to 30 per cent of electric power over ordinary 
furnaces as usually employed in United States; 
two of this type of furnaces are Installed in 
Citroen plant in Paris by Jean Aub6, in which 
parts of 600 cars produced in 24 hr. are handled; 
operation requires 4 men, against 10 men re¬ 
quired by 12 old furnaces, which they replace. 

HEAT TREATING. Electric Furnaces and 
Low-Temperature Treatments* J. B. Oram. 
Metallurgia, vol. 3. no. 16, Jan, 1031, pp. 94-96, 
5 figs. Low-temperature heat-treatments offer 
additional scope to electric furnace; low operat¬ 
ing and maintenance costs and ease of tempera¬ 
ture control are associated with this type of 
equipment. 

HIGH FREQUENCY. Hoegfrekvens^en 
Ur Eiektrisk Anlaeggningssynpunkt (High- 
Frequency Furnaces from Standpoint of Electric 
Engineers), J. Oesterberg. Teknisk Tidskrift, 
vol. 61. no. 1, Jan. 3. 1931, (Elektroteknik), 
pp. 8-12, 11 figs. General considerations in 
design of furnaces for melting of metal, and data 
on installations in Sweden built by AEG. 

INDUCTION. Blsher unbekannte Badbe- 
wegungen bei Induktionsoofen (Heretofore 
Unknown Bath Movements In Induction Fur¬ 
naces), E. P. Russ. Giesserei, vol. 18, no. 8, 
Feb. 20, 1931, pp. 165-166, 1 fig. Review of 

S revlous research on bath movements in in- 
uctlon furnaces, notably that of Hering and 
Northrup and formulation of pinch effect and 
Northrup effect; results of author’s experiments, 
and conclusions based thereon. 

LABORATORY* Beschreibung elnes Zer- 
relssofens (Tensile Testing Furnace), O. Holt- 
schmidt. Mitieilungen aus den Forschungsan- 
stalien, vol. 1, no. 2. Nov. 1930, pp. 40-44, 4 figs. 
Price 2.60 m. Requirements of laboratory 
furnace for testing Influence of temperature on 
properties of sted, and description of electric 
furnace developed and perfected in course of 
eight years; elongation measurements. 


Generators 


ROTORS* Fatigue Tests of Model Turbo- 
Generator Rotors, R.'E, Peterson. Mech, Eng., 
vol. 53, no. 3, Mar. 1931, pp. 211-216, 10 figs. 
Results of tests of rotor end forgings to obtain 
data as to safety during operation; tests with 
fatigue loading only, and with superimposed 
centrifugal stressing. 

STABILITY. Generator Stability Features 
Fifteen Mile Falls Development, R. Ooe and 
H. B. Stewart. Elec. Jl., vol. 28, no. 3. Mar, 
1931, pp. 139-143, 9 figs. Generators In New 
England Power Association's 15 mile falls 
development are notable for several reasons; 
they are of new umbrella type which has but 
one guide and one thrust bearing, both located 
below rotor; to iasui*e stability generators were 
built with especially low transient reactance, 
large flywheel effect special damper winding, and 
quick-response excitation system; electric and 
mechanical characteristics are dlscussod, notes 
on testing. 

SYNCHRONIZATION. Measurement of 
the Load Angle of Synchronous Mai^nery, J. O. 
Prescott and E. W. Oonnon. Instn. Elec. Engrs. 
— JL, vol. 69, no. 410, Feb. 1931, pp. 281-289, 
12 figs. Method * of determining by dh*ect 
measurement synchi'onlzing power fiovmig to or 
from alternator for given angular displacement 
of rotor from normal running position; method 
was developed in connection mth some experi¬ 
ments on natural free period of alternators, but 
results of measurements can be used to obtain 
effective reactance of machine and demagnet¬ 
izing and cross magnetizing coefficients for 
armature field; experimental results are quoted. 

WATERWHEEL. 20,000 Hva. Water Wheel 
Alternators. Engineer, vol. 151, no. 3971, Feb, 
13, 1931, pp. 102-194, 9 figs. Large alternators 
forming Initial generating plant of Waikaremo- 
ana hydroelectric power station of New Zealand 
constructed and installed by Metropolitan 
Vickers Electrical Oo.; normal rating is 20,000 
kva.; normally they are driven at 428 r.p.m. but 
are designed for overspeed of 85 per cent; 
current is generated at 11,000 volts and each 
generator feeds through its own bank of step-up 
transformers on to 110,000-volt busbars; lubri¬ 
cation is provided by low-pressure oil supply. 

Water-Wheel Alternators; Trend of Develop¬ 
ment, F. Ruedenberg. A EG Progress, vol, 7, 
no. 1-2, Jan.-Feb. 1931, pp. 17-22, 11 figs. 
Meticulously . prepared dengns have given 
A.E.G. assurance that construction of much 
larger hydro-power attemators (over 100,000 
kva.) can be tackled while retaining fundamental 
arrangements approved for so many ye^rs and 
applying constructional materials obtainable at 
present day. 


High Head Impulse Unit With Unique 
Oontrol. Elec. News, vol. 40, no. 5, Mar. 1, 
1931, pp. 31-34, 3 figs. Vancouver Island 
Power do.*s Jordan River plant now complete 
with fourth unit; unit is 16,000-kva., 6600-volt, 
60-cycle three-phase EngUsh electric generator, 
driven at 300 r.p.m. by two tangential wate^ 
wheels, one mounted on each end of shaft and 
overhanging bearings; waterwheels are together 
rat^ at 18,000 b.hp.; more than IK steel 

penstock required. 

Humming 

ELECTRIC LINES. Le Honflement des 
lignes aCrieunes et les perturbations atmosph5r- 
iques (Humming of Aerial Lines and Disturbances 
in Atmosphere), A. Noden. Acadimie des Sciences 
—Compte Rendus, vol. 191, no. 20, Nov. 17, 

1930, pp. 969-961; see also brief translated 
abstract in Experimental Wireless, vol. 8. no. 
89. Feb. 1931, p. 91. Valuable meteorological 
information can be obtained from humming of 
aerial lines; two such lines, at right angles are 
installed at Biarritz observatory; humming, 
which as rule occurs in calm atmosphere, is 
attributed to electrostatic attractions provoked 
by successive small masses of highly charged air 
passing rapidly over line in direction at right 
angles to it. 

Hydroelectric 

EQUIPMENT* Some Outstanding Trends 
in Oanadian Central Station Practise, D. 
Anderson. Elec. News, vol. 40, no. 4, Feb. 15, 

1931, pp. 42-44, and 60, 5 figs. Tie-bank con¬ 
nections were constructed for interchange of 
power on Southern Canada and Shawlnlgan 
systems and on East Kootenay and Calgary 
Power systems; 8000 ft. river crossing was built 
to carry power from Falls River to Prince 
Rupert, B. C.; welded type generators have 
found broad application in new plants con¬ 
structed; field of propeller rimners was Increased 
to 06 ft. head; notes on metal-clad switchgear, 
welded and umbrella-type generators, higher 
head propeller runners, long distance trans¬ 
mission spans. 

PAPER MILLS. An Ideal Site Developed 
the High Falls Plant. Elec. News, vol. 40, no. 
4, Feb. 16, 1931. pp. 39-42, 6 figs. James 
MacLaren Oo. has filed plans with Dominion 
government for another development, of 120,000 
mtimate hp. capacity with 200-f t. head at point 
farther down river between Buckingham and 
Masson; it is at latter town 26 miles below High 
Falls, that company has stepdown transformer 
station for its new large paper mill which went 
Into operation last September; hydr electric 
plant and transmission lines are described. 

Insulation 

PAPER* P^er Applications in Electrical 
Industry, W. H. Anderson, Paper Trade JL, 
vol. 92, no. 7, Feb. 12, 1931. pp. 39-41. Paper 
before Tech. Assn. Pulp and Paper Industry, 
Indexed in Engineering Index 1930, from Paper 
MiU, Dec, 27.1930. 

PHENOLIC. Electrical Materials Com¬ 
monly Used—Laminated Phenolic Insulation, 
W. CJ. Hirsch. Elec. MJg., vol. 7, no. 2, Feta. 
1931, pp. 67-69, 2 figs. Laminated phonol- 
resinoia sheets range in size up to about 39 by 

47 in.; thicknesses range from 1/64 to 6 in.; 
tubes and rods come in lengths eff 18, 24; 36, and 

48 in., ranging in diameter from 1/8 to 12 in. 
with 1/32- to IK-^- ^all thicknesses; rods 
range in diam. from 1/8 to 4 in.; there is almost 
no limit to variety of applications of this hard 
and tough material. 

VARNISH* Insulating Varnishes. H. N. 
Bassett. Elec. Times, vol. 79, no. 2064, Mar. 
6. 1931, pp. 433-434. Classification; solvents; 
Impregnauon and drying; examination and test¬ 
ing; omer uses. 

WOOD. Woods for Insulation, A.‘ R. 
Dunton and A. W. Muir. Elecn., vol. 106» no. 
2760, Feb. 13, 1981, pp. 237-239, 6 figs. Varie¬ 
ties used; methods or impregnation; breakdown 
voltages of treiated woods. 

Lamps 

GAS-FILLED. GasfiUed Lamps. A. E. 
Williams. Elec, Rev., vol. 108. no. 2779. Feb. 
27,1931, pp. 371-372, 3 figs. Notes on chemical 
processes involved in their manufacture; ar¬ 
rangement of **g6ttering" apparatus; argon gas; 
gas pressure in lamp; chemical "getters.*' 

GLOW* iiOw-Voltage Tube Lighting Avail* 
able. Elec. World, vol. 97, no. 7. Feb. 14. 1931, 
p. 324, 1 fig. New era in commercial applica¬ 
tion of lummous tubes was forecasted in recent 
announcement by Claude Neon Lights, Inc. 
New York, of commercial production of units 
developed for general interior lighting on 110 
volt and 220 volt service: rare gas tubes are now 
applicable to commercial, industrial and special 
reddential lighting, and neatly Increased range 
of color effects has been amoved. 
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Factors Governing 
55fi Franklin Inst, — JL, 

yoL 212, no. 3, Mar. 1931, pp. 319-326. Elec¬ 
tric^ characteristics; function of pressure: 
sputtering; life effect of electrode material 
and of pressure on life of tube. 

Lighting 

JPar .prolectaure (Oalcu- 
latlon Of Lighting by Pro-jectors), G. Beylon. 
^(ccfriciens, vol. 47 no. 1509. Peb. 1. 1931. pp. 

Calculation of projected light Is 
difficult and In exact when 
j equipment is close to surface 
ous ^ses is numerical analysis for vari- 

Standard and Proposed Cutout 
De^ns for Series Street-Lighting Circuits. 

t vol. 34. no. 2. 
^ Ii'spection of 
together with considerations showing 
that much study has been given to problem of 
cut-out (at present 
^^ial-oxide form) for use on either low or high 
voltage series street-lighting circuits; cut-outs of 
special-oxide disk type and electro- 
^tw mTng satisfactorily at low- 

Lightning 

„®*;ECTR1C lines. Der Blltzschlan In 
uJi*! seine Folgen 
^tehtnlng Str^g In High Tension Lines and 

tecnnisc/ie Zeti,^ vol. 52, no 6 Jan 29 ioai 
PP. 129-133. 4’figs. Porm Of iWumng VavlJ’ 
protective equipment against 
excessive voltages are pointed out. 


STARTING.. Methodes de ddmarrage des 
motels asvnchrones dlphas6s a cage d’6cureull 
^ethods for Sto^g of Two-phase Induction 
Motors with Squirrel Cage Kotor), Marre. 

1610, Peb. 15 /1931. pp. 
a^an^y^®* Various hook ups, their featines 

testing. Eine neue Methode xm kuenst- 
Induktionsmotoren 
(New Method for Artificial Loading of Induction 
Motors). A. M. Bamdas, BlekUoUchnik und 
JiP- 6. Feb. 1, 1931, pp. 
developed by author 

s. B. Eli^chewitz by which stator and rotor are 
connected to separate networks. 


Meters 

Tjt ^^^"TTHOIUR. Ohecldng Load and Power 
Factor from Watthour Meter Headings M A 
Kf’aehenbuehlTj^/orf/ and 
vol. 81, no. 3, Mar. 1931 pn 
427-428. Determination of corrected poww 
G^^E shown by example using 

Motors 

® flss* .Advantages of sub- 
motors which nm at 200 r.p m 
1 °^ proper mothoSs to 
clocks, recording instru- 
requirements, “oontln- 

Berechnimg von 
Oltic^trommotoren naoh Drels\irlrt3ehartIt<>hAn 
0^<*tspunkten (OalcUitftS of iSa 

Aa’ii ^^^irotechnik und Maschinen^ 

Tw’ 6, Feb. 1, 1931, pp. 81-86 1 fiS 

favorable pole and’ voice 
most advantageous magnetic 
flux; practical example Is given. 

HORSEPOWER. Closed 
§iiS?io ’Fimes, vol. 79, no. 

FP. 282-284, 7 figs. Motor 
presents some novel feature in design 
entirely new principle; ori^nS 
^ Zets^e, o^ dernmny“ 
Prpcfuce gramophone motor 
®^«*«rlstlcs to those of 

m motor design and Importance of more a.dn- 
^^ate wiring will result in many naoeg in poor 
service and economic losses which cannot be 
otherwise; figures on sources of 
poffit to conditions which should 

^^HUCTION. Moteur asynchrone auto- 

SSdfflSto? ^ rotor 

wS.SSSlhS;^'’'S?*? armature. Eln neuer 

l-fS 

toto rotating motion is dsscribed* 

practladappUcataonsarodlscuffled. 
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Networks 

. ®“ral Electrification, A. Eksfa-om 

Y* Elecn., vol. 106, no. 2753, 

M^. 6,1931, pp. 367-359,2 figs. Simple method 
of <^LCi^atffig most economical cross section of 
conductor for given maximum permissible drop 
in voltage. 

T> o ^w^-system Stability—11. 

K. D. Booth and O. G. 0. Dahl. Gen Elecl 
i^31, pp. 131-141. 10 
HSl* «on generator design and reactance; 

transformer reactances; synchronous 
£.*?r®’^®®L®^®® and reactance; load character¬ 
istics; voltage regulator and exciter character- 
tetics;^ governor action; inertia- of rotating 
windings and their effects; 
effect^ different groimding systems; effect of 

Photoelectric 

Xleber die Verstaerkung von 
Simon. Elek- 

troiechnische Zeii., vol. 62. no, 9, Feb. 26. 1931 

flSii Yf'^^ous types are described 

and possibilities of application are discussed. 

^ COLOR MEASUREMENT. Photo-Electric 
^ Color Measurement, 
Textile World, vol, 79, no. 8, 
886-889. 4 figs. Uses. Hml- 
tations and future possibilities of photoelectric 
cell, determination of light energy; recent 
developments. wv.c«u 

Power 

DOMESTIC. Poughkeepsie Plan Quintuples 
Domestic^ Usage. Triples Revenue; A, M 
vol. 97. no. 10, Mar. 7 ’ 
9P* 4 figs. Domestic use of 

electricity has been neariy multiplied by five 
and ^■wnue increased three times what ft was 
Just before ‘Tull-use” electric home plan was 
Inaugurate by Central Hudson Gas & Electric 
Oorp.; customers have changed from limited use 
of ^tric conveniences to '*full-uae” and ob¬ 
tained ne^ly five times as much energy as 
formerly for only half unit price. Including 
amortization of equipment cost; analysis based 
on one year’s experience of plan is given. 

^ INDUSTRIAL PLANTS. Bringing Electric 
Power Into the SnoaU Plant. K.^. RogeJs: 

?®- 2. Feb. 193irpp. 
99-103, 7 figs. Accumulated experience of 
yez^s In indTistrial electrification has determined 
pd methods as being most 
successful from standpoints of procedures of 
2Sf5’ ^ur^oe underwriters, and consumer: 

Power Factor 

Power Factor Determination, 0. F. Daizlel. 

vol. 66. no. 3, Mar. 1, 1931, pp. 
124-126.5 figs. Practical methods of measuring 
power f^tor verifying reverse power relay 

systems. 

Power Plants 

St^m and Diesel Units Combine to Give 
Low Over-all Power Costs. E. J. Kates. South, 
*^4*’ 2s Feb. 1931, pp. 62-54. 

2 figs. In power ptots serving dual needs of 
power and steam, Diesel engine indicated as 
compairion uidt to steam prune mover, when 
power demand exceeds steam or heat demand; 
tabular rwults of comparative power cost 
studies for large department store. 

Radio 

AMn^IEM. Maximum Undistorted 
Povror Output, G. Smiley, Radio Eng:, vol. 11, 
no. 2, Feb. 1931, pp. 86-39 and 50, 7 figs. En^- 
neering a^aly^ offactors determining ampll&r 
design and performance. 


CONDENSER LOSSES. The Losses in 
Variable Air Condensers, W. H. P. Griffiths 
Experimental Wireless, vol. 8, no. 90, Mar. 1931. 

S figs. Method of analysis Is 
amplified by omitting all reference to voltage or 
current, reasoning being based merely upon 
Impedance triangle of capacity and resistance in 
series which gives well known simple expression 
for power factor, to high degree of approxi¬ 
mation. 

CONDENSER TESTING. By-Pass Con¬ 
denser Production Test Equipment, P, W. Stell- 
wagon. Electronics, vol. 2. no. 2, Peb. 1931, 
pp, 504-606, 6 figs. Grebe Co. uses by-pass 
condenser test apparatus capable of completely 
testing oyer 500 by-pass condenser un& per 
hour; tests Include ten-second test at 200 per 
cent of rated d-c. voltage, cUscbai'ging of charged 
condensers, testing insulation between con¬ 
denser terminals and container, and checking 
capacity of four condenser sections. 

In Analysis of Distortion 

in Resistance Amplification, B. B. MouUin. 
Experimental Wireless, vol, 8. no. 90, Mar. 1931, 
^ Method of predicting from 
static characteristic output of resistance coupled 

assumed for 

ch^acteristlc and this leads to simple rules for 
friwtlonal amplitudes of second and 
third harmomc currents. 

RECEIVER TESTING. Special Instru- 
mente fOr Radio Receiver Production Testing. 
®'Ove. Electronics, vol. 2, no. 2, Peb. 

Notes on adaptation 
of Whetstone bridge; condenser test equip¬ 
ment; visual test apparatus; production testing 
of audio amplifiers; loud speaker testing. 

Selectivity and Response, E. E. 
yynght, JSa;p<?rmzenfa/ Wireless, vol. 8, n . 90, 

tuned circuit to steadily modulated wave. 

Railroad 

ELECTRIFICATION- West Side Freight 
Mectri^aMon of New York Central Rallr^d! 
W. J. Hedley and J. P. Walker. Gen, Elec. 
Reu„ vol. 34, no. 3, Mar. 1931, pp. 165-109. 
L5S®:. Improvement involves. In 

admtion to electrification work being carried out 
J 1 ” Company, variety of other changes 

York, Including elimination of tracks from 
struts and provision of space for high speed 

SSS 
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Suburban Elec- 
tilficatipn, G. I. Wright and A. I. Totten. 

no. 3, Mar. 1931, pp. 
^5®* Hlnlargement of service to 
and freight traffic; 
single-phase. 25-cycle. 12/36-kv., three-wire 
system, as finally decided upon, consists essen¬ 
tially of frequency-changer station at Wayne 
Junction to be owned by Philadelphia Electric 
Company|lnltlal pe^c load, in suburban zone, 
will approximate 9000 kw. or about 13.000 kva,: 
frequency-conger station; distribution system; 

traction motors; control and 
auxiliary equipment, su’e discussed. 

Automatic Block Signaling 
the Canadian Pacific Railway, A. K. Kldcf 

40 a^ 42, 3 figs. Semaphores are being re¬ 
placed with colored light signals which may 

4000 ft. In 

bright sunlight; most recent development in 
si^allng is centralized traffic control. * ^ 

.S;t,®S? J^’OF ,®"ds of Double 


village, JN0W York, 
and Lannboro, Pa. has solved operating prob¬ 
lem on two short sections of single track and 
operating charao- 
tor^os: outside rons^ctlon: frack and signal 
plan of centralized traffic control territory. 

Substations 

Power Mercury Arc Rectifiers. N. von 
STiincs, vol. 79, no. 2063, 
S?« k 5.’ pp. 3^-380, 6 figs. Description 
. of substation plant of new Soutti Wales govern¬ 
ment railways and tramway system Sydney: 
adoption of mercury arc rectifiers not only 
simpllfl^ service conditions of N.S.W. Govern¬ 
ment railway substations, and reduced operation 
costs by increasmg over-ail efficiency of plants, 
but also romderably lowered Initial cost of sub^ 
^atl^j^tables showing how costs of three 1600- 
kw. 1600^ rotary converter m^ts at Belmore 
rompare with those of identical reettter siib- 
statfonatBppIng. « " 
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Rate Making 

POWER INDUSTRY. Electric Power Sup- 
ply In the Limelight, L. E. Nash. Stone and 
Webster JL, vol. 49, no. 2, Feb. 1931, pp. 84-92. 
Public utilities supply more than two-thirds of 
electricity used; electric service highly developed 
in South: domestic and rural service; casual 
service rates below cost, service charge; rural 
rates: further rate practises; electric rates lower 
than general price level. 

The Domestic Tariff, O. F. Mounsdon. Elec. 
Rev., vol. 108, no. 2776, Feb, 6, 1931, pp. 232- 
233. It is claimed that practical difficulties 
experienced in use of any ^gle-basis two-part 
tariff would be obviated by introduction of 
composite basis for fixed charge. 


Relays 

PROTECTIVE. Theory and Application of 
Relay Systems, P. H, Robinson and I. T. 
Monseth. Elec. Jl., vol. 28, no. 3, Mar. 1931, 
pp. 172-178. 16 figs. Overcurrent relays for 
generator differential protection; ratio-differen¬ 
tial relays for generator protection; overspeed 
protection of genoratons; generator field pro¬ 
tection; unclervoltage time-delay protection for 
motors; synchronous condenser protection: syn- 
clironoUS-converter protection; motor-generator 
protection; protection of frequency-changer sets. 


Safety Devices 

ELECTRIC APPLIANCES. The Safety of 
Domestic Electrical Appliances, G. W. Stub- 
blngs. Elec. Engr. Australia and New Zealand, 
vol. 7, no. 10, Jan. 15, 1931. pp. 373-374. 
Various methods that are employed with view 
to Increasing safety, viz., earthing, construction 
of insulating material, low working voltage, 
and use of leakage relays; author points out that 
each has certain shortcomings, and therefore 
further research into safety methods is necessary. 


Ship 

ELECTRIC EQUIPMENT. The Electrical 
Bqtiipment of Ships, J. E. Allen, vol. 131, no. 
3395, Fob. 6, 1931, p. 191. Difference in prac¬ 
tise between electricity at sea and on land; 
totally enclosed motors, specially designed to pre¬ 
vent entry and deteriorating effects of moisture, 
oily vapor, salt-laden air and seawater; use of 
contactors for making and brealdng first step of 
starting resistance; deck machinery; rubber- 
insulated cables. Before Inst. Mar. Engrs. 


Starters 

MOTOR. Small A-C. Motor Starters, 
J. P. S. Pillans. Elec. Rev., vol. 108, no, 2779, 
Feb. 27, 1931, p. 309. With view to providing 
all desirable operation and protection features at 
moderate cost author suggests modification of 
simple switch-fuse. 


Substations 

HEATING. Electric Heat for Substation 
and Office Buildings, P. Sporn. Elec. World, 
vol. 97, no. 10, Mar. 7, 1931, pp. 463-464, 3 figs. 
Number of substations and office buildings on 

g ropei'tles of various subsidiaries of American 
^as t<c: Electric Oo, have been equipped with 
electric storage type heating systems; in Hall 
system employed in all these Installations water 
Is heated by direct contact with totally inclosed 
immersion units; general basis on which to make 
calculations for Justifying or disproving eco¬ 
nomic feasibility of electric heating, is outlined. 


Switches 

VACUUM TUDE. A Vacuum-tube Time 
Switch. W. K. Kearsl y. Gen. Elec, Rev., vol. 
34, no. 2. Feb. 1931, pp. 128-129,2 figs. Type of 
equipment described is outcome of develop¬ 
mental work to produce time switch that has no 
moving parts; in it, vacuum tubes and other 
static electrical equipment accomplish what is 
ordinarily considered to be functions of mecha¬ 
nisms and motion. 


Switchgear 

LOSSES. Eddy Ourrent Losses In Heavy 
Current Switchgear—I, J. E. Shaw. World 
Power, vol. 15, no. 86, F b. 1931, pjp. 109-113. 
7 figs. Measurement of iron loss in large oil 
switch tanks and switch tops with 5000 amps, 
flowing in loop conductor; methods adopted for 
obtaining conditions similar to those in practise; 
from results obtained on various sizes of switch 
tanks and switch tops empirical formulas are 
derived whereby losses may be estimated in any 
desired case to «irithiii 10 per cent and thence 
tempei'ature rises estimated. (T be continued.) 


Telephone 


GARmER CURRENT. Practising Beon- 
omy in Oarriep Operation, P. D. Dommerque. 
Telephone Engr,, vol, 35, no. 2, Feb. 1931, pp. 
33-34, 1 fig. Loading coils are not practical on 
long distance lines when repeaters are introduced, 
but economical for straight toll lines and cables. 
(Continuation of serial.) 


i ng and maintenance costs compared and 
methods employed to eliminate various diffi¬ 
culties In service; solving braking difficul¬ 
ties; acceleration and distance ciirves showing 
relative performance of trolley buses and gas 
buses. Before Assn. Equipment Men, Southern 
Properties. 

Vacuum Tubes 


Transformers 

DESIGN. Design Features of World’s 
Largest Transformers, H. L. Cole and F. J. 
Vogel. Elec, World, vol. 97, no. 8, Feb. 21, 
1931. pp. 374-377, 5 figs. World’s largest power 
transformers; are located at Roseland, N. J., 
switching station of Public Service Electric <fc 
Gas Company; they form two 90,000-kva. 
transformer banks, with one spare unit stepping 
from 220,000 Y volts to 132,000 Y volts (or 
vice versa), with 60,000-kva., 11,000-volt delta- 
connected tertiary winding for supplying syn¬ 
chronous condensers; they are oil insulated, self 
cooled by radiators, single-phase units; 132,000- 
volt winding is made up of two separate wind¬ 
ings, each of one-half capacity, for connection 
to double bus transmission system. 

Transformer Developments. World Power, 
vol. 16, no. 86, Feb. 1931, pp. 130 and 133-134, 
4 figs. Design and operating characteristics of 
“grid” transformer under construction for 
Central Electricity Board; record of export work 
carried out by British Electric Transformer Co., 
Ltd., in recent years. 

INSTRUMENT. Ueber die Anforderimgen 
an Stromwandler In Kraftwerken (Require¬ 
ments of Current Transformers in Power Plants), 
G. Keinath. Elektrizitaelswiiischajl, vol, 30, 
no. 3, Feb, 1931, pp. 60-68, 9 figs. Summary of 
developments regarding properties, degi’eo of 
exactness; secondary output; rating, class and 
current overloading capacity, test voltage and 
operating voltage, construction, system of insu¬ 
lation, thermal strength; excessive current rat¬ 
ing, dynamic strength, surge proofness. 

Calculation of Instriunent Transformer Bm*- 
dens, T. A. Hammond. Gen. Elec. Rev., vol. 
34, no. 2. Feb. 1931, pp, 11.5-126, 19 figs. 
Significance of burdens; effect of burden magni¬ 
tude ou accuracy; errors from secondary leads; 
single-phase btirdens; effect of secondary inter¬ 
connections. 


Transients 

An Experimental Method of Studying 
Transient Phenomena, H. M. Turner. Inst. 
Radio Engrs. — Proc., vol. 19, no. 2, Feb. 1931, 
pp. 268-281,1411gs. Description of experimental 
method of stud ymg transient phenomena which, 
by repeating phenomena synchronously enables 
one to observe it on screen of oscUlograpb as 
long as desired: method is based upon use of 
transient vlsualizer. 

REFLECTION. Zur Motallreflexion (Metal¬ 
lic Reflection), J, Zahradnicek. Zeii. fuer 
P/ip.viA', vol. 6.5, no. 11-12, Nov. 14, 1930, pp. 
814-823; see also brief translated abstract in 
P2xperimental Wireless, vol. 8, no. 89. Feb. 1931. 
p. 88. Theory of phenomena of reflection of 
plane; linearly polai'ized electromagnetic wave 
at metallic surface is developed from Maxwell’s 
equations and appropriate boundary conditions: 
formulas for refractive index and index of 
absorption are given which are more general 
than those deduced by Drnde for normally 
Incident wave; suggastions for experiment at 
different angles of Incidence are made and tables 
given. 

TESTING. High-Voltage Surge Testing. 
F. D. Fielder. Elec. JL, vol. 28, no. 3, Mar, 
1931, pp. 161-164, 7 figs. Oscillograph would 
have Uinited value without auxiliary circuits 
and devices wliich make it integral part of test¬ 
ing circuit; timing system must he available to 
sweep beam across film at proper instant and at 
known speed of one to sixty ml. per sec.; test 
surges must be reduced without distortion to 
few hundred volts for measurement; oscillo¬ 
graph must be synchronized with surge generator 
to within fraction of microsecond. 

Trolleys 

TRACKLESS. The Modern Trolley Bus as 
a Central Station Load Builder, O. A. Burleson. 
Gen. Elec. Rev., vol. 34, no. 2, Feb. 1931, p. 
130, 1 fig. Advantages of trolley bus as com¬ 
pared with street car are lower Investment; 
elimination of track and paving charges; curb 
loading and unloading; flexibility in traffic; 
qulter operation; faster schedules; as compared 
with gas bus: lower operating cost; unlimited 
power supply; higher schedule speeds; better 
lighting and heating; quieter operation; absences 
of fumes; less fire hazard; cost of power is low 
and stable. 

Maintenance and Operating Factors of Trbl- 
1 y Buses, G. W. Wilson. E/cc. Traction, vol. 
27, no. 2, Feb. 1931, pp. 79-81, 2 figs. Operat- 


CATHODE RAY. Further Advances in the 
Technique of the Braun Tube, M. von Ardenno. 
Experimental Wireless, vol. 8, no. 90, Mar. 1931, 
pp. 127-129, 4 figs. Oathode-ray tube for 
photographic recording, with new small type 
for visual observation is described; complete 
circuit of new cathode-ray equipment is given. 

DETECTOR. Hteh Lev 1 Plate Circuit 
Rectification, J, R. Nelson. Electronics, vol. 2, 
no. 3, Mar. 1931, pp. 550-651, 3 figs. Experi¬ 
mental procedure for attacking problem of plate 
rectification with large input voltages is receiv¬ 
ing considerable attention at present; necessary 
experimentally determined curves may be 
obtained very easily so that anyone with 
measurable a-c. voltages and fairly accurate d-c. 
milllammeter may plot his own rectification 
characteristics for resistance load; character¬ 
istics curves of 227 tubes are given. 

RECTIFIER. Zur Theorie eines Glelch- 
rlchtors mit fallender, hyperbelfo rmiger Kenn- 
linle (Theory of Rectffier with Decreasing 
Hyperbolic Oliaracterlstics), O. Stierstadt. 
Blektrischc Nachrichten~Technik,yo\. 8, no. 1, 
Jan. 1931, pp. 31-38, 7 figs. Performance of 
rectifier tube is mathematically analyzed. 


Welding 


ARC. Arc Welding in 1931, J. F. Lincoln. 
Boiler Maker, Feb. 1931. pp. 50-51, 1 fig. 
Review of developments in arc welding during 
past year; equipment and processes; arc welding 
in structural engineering. 

Arc Welds Out Repair and Maintenance Bills, 
B. S. Havens. Mill and Factorg lUustraied, 
vol. 8, no. 3, Mar. 1931, pp. 40-43, 14 figs. 
Examples of different applications. (To be 
continued). 

ELECTRODES. Die XJutersuchung von 
Elektroden fuer die Lichtbogenschweissung 
(^Studies of Electrodes for Arc Welding), S. 
Sandelowsky. Elekiroschweissung, vol, 2, no. 
3, Mar. 1931, pp. 48-52. 16 figs. Strength of 
weld; texture of weld; shrinkage and stresses; 
economy. (Concluded.) 

BRIDGES. Bemerkenswerte Schweissar- 
beiten an einer Eisenbahubruecke (Welding 
of Railroad Bridge), E. Fromme. Elekiro¬ 
schweissung, vol. 2, no. 2, Feb. 1931, pp. 36-36, 
4 figs. Modernization and making suitable 
for modern train traffic of 2500-m. long Moerdyk 
Bridge, in Holland, by electrically welded mov¬ 
able supports. 


CAST IRON. The Use of Pure Iron Elec¬ 
trodes for Welding Cast Iron, H. D. Lloyd and 
J. S. G. Primrose. Welding JL, vol. 28, no. 
328, Jan. 1931, pp. 18-22, 8 figs. Advantages of 
pure iron electrodes In making bed plate and 
repair electric motor casings; microphotographs 
illustrate burnt on wold in cast iron; phosphoric 
cost Iron welded with soft pure iron. 

MONEL METAL. Some Practical Notes on 
Welding Monel Metal. Machg.^ {Londt), vol. 
37, no. 960, Mar. 6, 1931, pp. 733-734, 3 figs. 
Properties and use of monel metal with data on 
welding procedure; advantages of metallic arc 
welding of castings. 

PIPE LINES. Pipe Line Welding, W. T. 
Graliam. Welding Engr., vol. 16, no. 2,‘Feb. 
1931, pp. 42-44, 4 figs. Methods of preparing 
and welding of pipe developed by A. O. Smith 
Oorporation; eight generator gangs consisting 
of foreman, mechanic and nine welders (one 
spare man) will produce average of 220, 10-in. 
weld, or 176, 16-m. welds or 132, 20-in. welds, 
or 110,24-in. welds per 9-hr. day. 


PRESSURE VESSELS. Welding Plates 
and Pressure Vessels, P. R, Hawtbrone. Weld¬ 
ing, vol. 2, no. 2, Feb. 1931, pp. 89-92, 6 figs. 
Tests show that by use of proper welding process, 
procedure control and method of annealing, 
welded vessels are made strong r than riveted 
ones. 


Wiring 

BUILDINGS. Vertical Distribution in 
World’s Tallest Structure, J. A. Walsh. Elec. 
World, vol. 97, no. 7. Feb. 14, 1931. pp. 328- 
334, 10 figs. Empire State Building has 
frontage of 200 ft. on Fifth Avenue and 420 ft. 
on born 38d and 34th streets: gross floor area in 
86 stories is 2,800,000 sq. ft, and rental area is 
slightly under 2,000,000 sq. ft.; 85th floor is 85 
by 135 ft.; estimiated connected load is 6000 kw. 
for lighting and 9600 hp. for power services; 
this estimate for connected lighting load was 
based on assumption of 6 amp. per ultimate 
lighting circuit; details of installation are given. 
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InJiistriail IVotes 


Chicago, died recently at the Worcester 
(Mass.) ofQce of the company. Mr. 
Knight was 66 years old and a native of 
Worcester. 


Anaconda Acquir s Gable Acces¬ 
sories,*—The Cable Accessories Corpora^ 
tion, formerly of Pittsburgh, and pur¬ 
chased by the Anaconda Wire & Cable 
Company, has been moved to the 
Hastings-on-Hudson, N. Y-, plant, and is 
now operating to provide a complete 
cable service, including potheads, junc¬ 
tion boxes, insulating compounds, joint¬ 
ing and miscellaneous materials. 

Lincoln Electric Promotes George 
G. Landis,—According to a recent an¬ 
nouncement, the Lincoln Electric Com¬ 
pany, Cleveland, manufacturers of 
'‘Line-Weld’’ motors and "Stable-Arc” 
welders, has advanced George G. Landis 
to the position of chief engineer. He has 
been with the company eight years. 
Many of the patents held by his employers, 
both on arc-welding equipment and 
electric motors, are the result of his work. 

Th Ohio Brass Company, Mans¬ 
field, Ohio, announces receipt of a con¬ 
tract from the Pennsylvania Water and 
Power Company covering all suspension 
insulators and hardware for its new 
220-kv. transmission line connecting the 
Safe Harbor power development and 
Baltimore. This line, one of the most 
important in the system operated by 
Pennsylvania Water and Power Com¬ 
pany, will serve Baltimore’s industries. 

Foster Wheeler Enters Boiler In- 
du stryWith the acquisition of the plant 
and business of the D, Connelly Boiler 
Company, of Cleveland, the Foster 
Wheeler Corporation announces that it is 
prepared to furmsh all types of boilers in 
the entire range of sizes and pressures. 
The Connelly Company was established 
more .than :6fty years ago. The Poster 
Wheeler Corporation has been supplying 
complete steam generators for some time, 
and has produced the various parts in its 
own* works, with the exception of the 
boiler proper. 

Inca Moves Eastern Office,—The 
-Inca Manufacturing Division of the 
National Electric Products Corporation, 
has moved its eastern office from Newark, 
N. J,, to 233 Broadway, New York. 
The new office, which includes both sales 
and service organizations, is under the 
direct supervision of Paul Stoufler. The 
main plant and general office are located 
in Port Wayne, Ind., where a complete 
line of magnet wire and coils for the radio 
and electriocd industries is manufactured. 
The eastern warehouse and coil winding 
department will continue to be main- 
tained,' 

Ne^ SmaU Motor9^«--The Century 
^lectric Company, St. Ijouis, announ^s a 

m 


new line of fractional horsepower motors 
having mounting dimensions interchange¬ 
able,—in repulsion-start induction single¬ 
phase, split-phase single-phase, squirrel 
cage induction three-phase, and direct- 
current types. The bearing brackets of 
this design offer unusual protection 
against falling objects, dirt, or dripping 
water. The motors have rolled steel 
frames, welded steel feet, slotted for belt 
adjustment, and bearings machined from 
phosphor bronze eastings. 

New Underground Gable.—A new un¬ 
derground cable, known as “Plexlay,” has 
been designed and is being manufactured 
by the National Electric Products Corpo¬ 
ration, Pittsburgh. It is a flexible, highly 
insulated underground wiring system and 
is produced in three different types: 
non-metallie, semi-metallic and full-me¬ 
tallic which is better known as Parkway 
Cable. Flexlay may be laid in open 
trench without damage from abrasive 
handling, eliminating the use of clay or 
fibre ducts. It is so constructed as to 
adequately resist the action of soil tex¬ 
tures, soil acids and prevailing moisture 
contents. 

Large Turbine Order to Westing- 
house,—The Public Service Electric and 
Gas Company at Newark, New Jersey, 
has recently awarded the Westinghouse 
Electric & Manufacturing Company an 
order for a 75,000 kw., 60 cycle, single- 
cylinder steam turbine-generator unit to 
be installed as the No. 6 steam unit at the 
Keamy generating station and which 
will bring the capacity in this station up 
to approximately 290,000 kw. The new 
unit will receive part of its steam from the 
mercury vapor condensers serving the 
20,000 kw. G. *E. mercury-vapor unit 
recently ordered from the General Elec¬ 
tric Company. 

In addition to the above the Public 
Service Electric and Gas Company has 
also ordered an 18,000 kw., high pressure, 
60-eycle Westinghouse .turbine unit for 
the Burlington generating station, to 
operate in connection with new boiler 
equipment on 650 pounds. With the 
addition of this new high-pressure tur¬ 
bine, the Burlington station is being 
reniade into a most economical generating 
station and will be capable of developing 
approximately 55,000 kw. The approxi¬ 
mate value of the two steam turbine 
units ordered from the Westinghouse 
Electric and Manufacturing Company is 
*1,250,000. 

C. S. Knight, Jr., managep of the 
electrical and wire rope sales department 
of the American Steel & Wire Company, 


Tr-J. Lciteraiiiire 


Pole Top Switches.—Bulletin 36, 4 
pp. Describes Pacific Electric type PS-1 
pole top switches for light branch line 
construction where very moderate loads 
are to be controlled. Pacific Electric 
Manufacturing Corp., 5815 Third Street, 
San Francisco. 

Lightning Arresters.—Booklets2 and 
3, 12 and 8 pp., respectively. Describe 
the construction and operation of crystal 
valve lightning arresters. Electric Ser¬ 
vice Supplies Company, 17th & Cambria 
Streets, Philadelphia. 

Load Testing Set.—^Bulletin, 2 pp. 
Describes a load testing set for measuring 
current without interruption to service. 
The complete equipment consists of a 
newly designed, highly efficient split-core 
current transformer, and a Weston am¬ 
meter, complete with connecting cable 
and plugging device. The entire equip¬ 
ment, with carrying case, weighs ten 
pounds. Electrical Engineering Sales 
Company, Los Angeles and San Francisco. 

Illumination.—Bulletin A-1204, 24 
PPm "Banishing the Twilight Zone from 
Modern Buildings.” A discussion of 
present-day principles and practise in the 
interior lighting of modern buildings. 
Bulletin A-1206, 32 pp., "Bringing Cities 
Out of the Twilight Zone.” A discussion 
of modem street lighting, presenting 
reasons and methods for providing well 
illuminated cities. Bulletin A-1208, 24 
pp., "Skylines Beyond Twilight Zone.” 
Discusses modem principles and practise 
in floodlighting. Westinghouse Electric 
& Mfg. Company, Bast Pittsburgh. 

Carbon Brush Manual.—Catalog B- 
131, 24 pp. This book differs from the 
ordinary carbon brush catalog, being 
designed to simplify the selection and 
specification of carbon and metal^graphit© 
brushes. The new shunt nomenclature 
of the National Electrical Manufacturers 
Association has been adopted. The 
essential details for a complete brush 
specification are listed and discussed in 
the sequence which has been found most 
convenient. Tables of physical charac¬ 
teristics have been omitted. Instead, a 
cross index of grades and their applica¬ 
tions simplifies the selection of a suitable 
grade for any service. Examples illus¬ 
trate the ma^er in which the composite 
specification for .a brush is derived and 
the piice CQnq>uted.. ^atiomd' Carbon 
Comp^yfJj^o.* Cleveland.'' 
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Mt. Pisgah and The Rat, famous mountain group in the vicinity 
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And nowhere Is friendship surer, ’ 
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Southern hospitality and the 

beauties of the Carolina mountains^ ofte^n 
extolled by President Lee, should com- 
bine to attract many to the Institute’s 
summer convention at the Grove Park 
Inn, Asheville, N. C. Incidentally there 
is offered a splendid technical program 
and, of course, the annual Mershon 
Trophy golf tournament. (See page 
440.) 


Brazed Joints F r Electric Conductors. 

By SAMUEL MARTIN, JR. 

A Vacuum-Tube Voltage Regulator. 

By L. C VERMAN & L A. RICHARDS 

Motive Power f r Suburban Electric Lines. 

By CHARLES KERR, Jr. 


434 

436 

438 


^JeTWEBN symposia on noise and 
on lightning, the Boohester, N. Y., meet- 
ing of the North Eastern District enjoyed 
rather an animated program. In this 
issue there may be found a complete news 
story of the meeting and also a summary 
of some of the more pertinent discussions. 
(See pages 441 and 445.) 
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R. M- STANLEY (P ’23) in oolIaboi«r 
tiou with C. T. ffinolair (M ’29) desoiibeB 
the application of the network idea to 
^ediniu- and low-load areas in the 
VMdpity of Pittsburgh. (See page 40 O.) 

ElB( 3TRIO SHOOBB which do not 
.ihyplve the brain, respiratory nerves, or 
spmsl eord seldom. jeopardize life in 
animal organisms aooording to experi- 
%eni^ findings disoiwBed by W, B. 


Eonwenhoyen (M ’22) and O. B. lisng- 
worthy of Johns Hopkins University, 
Baltimore. (See page MS.) 


^^®.WARD DEAN ADAMS, Associate 
of the Institute, Edison Pionew, and 
energetio lead» in engineering, flnanftfaij 
and philanthropic nndertakingB answers 
the Last Call, latgety as aresnlt of a recent 
antomohile accident. (See page 45£.) 


^■ONCBRTED cooperative attack upon 
the central problems presented in present 
noise studies and investigations is being 
sought as an inter-society activity. Dele¬ 
gates attendii^ a special joint mating at 
Rochester, N.. Y., attempted to reach 
common ground and succeeded in agree¬ 
ing upon a statement of three funda¬ 
mental questions. (See page 44 s.) 


Edison bust was presented May 7 
to the Hetman Museum at Miinieh with 
fitting ceremony. (See page 446.) 


IPACIEIC COAST convention com¬ 
mittee has arranged for extension of 
special rates at Tahoe Tavern, Lake 
Tahoe, California, as an aid to those who 
will spend their vi^tion there in oon- 
neetiou with the convention. (See page 
U9.) 


Dr. CHARLES P. SCOTT, pas^ 
president of the Institute and long-time 
head of the electrical engineering depiurt- 
ment of Tale University, New Haven; 
Oonn., is planning to retire. R. BL 
Doherty, formerly G. E. consulting engi¬ 
neer, has been appointed as his^associate; 
will suce ed him upon his retirement. 
(See page 450.) 


the Boohester, N. Y., district 
presented several interwti^ papers. 
(See page 444‘) 








FUTURE MEETINGS 

of the 

American Institute of Electrical Engineers 


Place 

Dates 

Nature 

Latest Date for 
Receipt of 
Manuscripts 

Asheville, N. C. 

June 22-26, 1931 

Summer 

Convention 

(Closed) 

Lake Tahoe, Calif. 

Aug. 25-28, 1931 

Pacific Coast 
Convention 

(Closed) 

Kansas City, Mo. 

Oct. 22-24, 1931 

District 

Meeting 

July 22, 1931 

New York, N. Y. 

Jan. 25-29, 1932 

Winter 

Convention 

Oct. 26, 1931 

Milwaukee, Wis. 

March 14-16, 1932 

District 

Meeting 

Dec. 14, 1931 

Providence, R. I. 

May - 1932 

District 

Meeting 

Feb. - 1932 


NOTE: Members who are contemplating submitting papers for presentation at any of the above meetings 
should commtinicate promptly with Institute headquarters^ 33 West 39th Street, New York, N. Y., so that 
their papers may be docketed for consideration by the Meetings and Papers Conimittee, as programs for all 
meetings are formulated several months in advance. Upon receipt of this notification, Institute headquarters 
will mail to each prospective author information in regard to the Institute’s rules relating to the preparation 
of manuscript and illustrations. 


MEETINGS OF OTHER SOCIETIES 


NATIONAL ELECTRIC LIGHT ASSOCIATION, annual 
convention, Atlantic City, (A. J. Marshall, 420 Lexington Ave., 
New York) June 8-12, 1931. 

SOCIETV of AUTOMOTIVE ENGINEERS, summer meet¬ 
ing, White Sulphm Springs, W. Va., June 14-19, 1931. 

ASSOCIATION OF IRON AN1> STEEL ELECTRICAL 
ENGINEERS, Cleveland, Ohio, (J. F. Kelly, Empire Bldg., 
Pittsburgh, Pa.) Jun 15-19, 1931 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE, summer convention, Pasadena, Calif., (Chas. P. 
Roos, Secy., Smithsonian Institute, Washington, D. C.) June 
15-20, 1931. 

NORTHWEST ELECTRIC LIGHT AND POWER ASSOCL 
ATION, (annual convention, canceUed by action of Executive 
Committee, Portland, Ore., April 10, 1931). 


INTERNATIONAL COHERENCE ON LARGk HIGH- 
TENSION ELECTRIC SYSTEMS, Paris, France, (Dr. C. O. 
Mailloux, 111 Fifth Avenue, New York, N- Y.) June 18-27,1931, 

AMERICAN SOCIETY FOR TESTING MATERIALS, 
annual meeting, The Stevcm Hotel, Chice^o, (C. L. Warwick, 
Secy., 1315 Spruce St, Philadelphia, Pa.) June 22-26, 1931. 

PACIFIC COAST ELECTRICAL ASSOCIATION, annual 
convention, Del Monte, Calif., (K. I. Dazey, 447 Sutter Street, 
San Francisco, Cfdif.) June 24-27,1931. 

ROCKY MOUNTAIN DIVISION N. E. L. A„ annual con- 
vration, Stanley Hotel, Estes Park, Colo., Sept. 2-4, 1931. 

ILLUMINATING ENGINEERING SOCIETY, anniud con¬ 
vention, Pittsburgh, Pa., October 13-16, 1931. 



The Primary Network 
For Medium-Load Areas 


As a result of the noteworthy economic and 
op rating success of the secondary a-c. net¬ 
work the same principle now is proposed for 
relatively high-voltage primary systems. 
Based upon economic studies of two Pitts¬ 
burgh residential areas one primary network 
now is und^r construction there and a 
second all planned. Major details involved 
are given here and ten distinct advantages 
are enumerated. 


By 

R. M. STANLEY 

Fellow A. I. E. B 

C T. SINCLAiR 

Member A. I. E. E. 


Byllesby Engineeriiig & 
Management Corporation 

Byllesby Engineering & 
Management Corporation 


A NETWORK may be said to exist 
wherever the secondaries of two or more transformer 
banks not at the same location are connected in parallel 
to supply a common load. This definition is applicable 
to either high- or low-voltage ssrstems. In this discus¬ 
sion a new design of primary network is considered 
which combines the principle of interconnecting 4-kv. 
mains and certain principles common to the design of 
secondary network, and which is fed directly at load- 
transmission voltage. 

Generally speaking, the comparable characteristics 
of the older radial primary distribution system and the 
new primary network are as revealed in Pig. 1 and in 
Table I. 


TABLE I—ELEMENTS OF A PBIMARY SYSTEM 


Badial 


1 . Traiiamissioii fe6der8 from fioiirce 

of supply to substation 

2. The substation 

3* The distribution feeders 
4. The mains 


Network 


1. Transmission feeders from source 

of supply to substation 

2. The transformers and switches 

3. The primary Trifttna 


Prom these it may be seen that the dements of the 
two s^tems are the same except for the elimination of 
priiuary feeders in the network design—an important 


Prtoaiy Network,” (No. 31^) presented at the A. I. B, 
MWaie Bastem District meeting, Pittsburgh, Ma^ 11-18,1931, 
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item, but only one of several which permit a saving in 
initial cost as compared with the radial system. 

In the typical radial system (Pig. 1) the substation 
is located of course as nearly as possible at the center of 
the expected load and each feeder terminates at its 
approximate load center. In the typical primary 
network of Pig. 1 the transformer capacity required for 
the entire area is distributed, each transformer at an 
intersection of primary mains and each intersection 
group constituting a unit, including regulators on 
transformer secondaries where and if required. Similar 
to the principle of secondary networks, it is desirable 
that the transmission supply to a given area comprise 
three or more feeders in order to reduce the spare ca¬ 
pacity required to accommodate the possible loss of a 
feeder. 




Fig. 1. C mparative sch matic diagrams f typical 
radial sysfahi (ab ve) and primary network system 

ELBCTTRICAI, ENGINBEMNa 
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Three transmission feeders available Radial primary system which ordinarily would Diagram of mains for primary network showing 

In the area to supply either system bo used to supply the area distributed transformer points 


Fig. 2. Radial versus network system for an area 


COMPAKATIVE COST ESTIMATES FOR ARBA OP 2,100 
Kva.perSq.Ml 

To secure practical working data revealing the actual 
relative economies of the two systems, two different 
areas in the Pittsburgh district were studied exhaus¬ 
tively. Load growth in both areas required early 
attention to increased distribution capacity, and these 
comparative studies involved consideration of eidsting 
facilities as well as required extensions. 

The initifl.1 study covered a residential section known 
as Squirrel Hill, which includes a few apartment houses 
and a small business district but no industrial load of 
any character. The area embraces about two square 
miles, has a winter peak load of some 4,200 kva., and a 
load density of 2,100 kva. per sq. mi. At present this 
area is fed by circuits from two adjacent areas; it was 
chosen for the initial economic study because (1) it Imd 
relatively definite boundaries and no existing substation 
and (2) load growth indicated the early necessity of 
extending the radial system materially or adopting a 
new system. (See Fig. 2.) 

Estimates for extension of the radial system are based 
upon standard practise in the Pittsburgh district. The 
necessary substation proposed is a semi-outdoor 22/4- 
kv. full-automatic type similar to others on the Du- 
quesne Light Company system. Its proposed location 
was chosen as the result of an economic study of the 
sites permitted by zoning ordinances, and is reasonably 
near the expected load center of the ar^. Initial 
installation would consist of two 4,000-kva. transformer 
banks, a 22-kv. tie breaker, three 800-ampere 4-kv. 
regulated feeders, and related equipment. The build¬ 
ing would provide space for an ultimate of two 
6,000-kva. transformer banks and five feeders. 

The primary network includes exactly the same area 


having a load density of 2,100 kva. per sq. mi. 


and supply from the existing transmission feeders. 
Transformer and switching units contemplated are the 
submergible type planned for installation in street 
vaults. The transformers are 1,600-kva. 22/4-kv. 
three-phase units with four 2.5 per cent taps be¬ 
low 22-kv. and two amilar taps above, and with a 
three-poation disconnecting and grounding switch on 
the 22-kv. side. The transformer oil circuit breaker is 
integral with the transfonner and comprises a 7.5-kv. 
600-ampere unit rated at 14,000 amperes rupturing 
capacity at 4 kv., 2-OCO. The tie main breakers are 
iMiYiilftr and they will be arranged to reelose once on a 
fault, the breakers at each end of a faulty section closing 
at diffOTent times to provide the equivalent of two re¬ 
closings. Lead-covered cable is figured in for all 4-kv. 
work in the vaults and also duct connections between 
ftTTidiTig manholes and the proposed transformer vaults. 
Cables are planned to run in pipe from the-vaults to 
the several poles at the related inter^tion, terminating 
there in disconnecting potheads. 

Both the primary network and the radial plans pro¬ 
vide for an operating capacity of 7,500 kva. Primary 
feeder and duct costs are common to both plans; hence 
were omitted from the comparison. Relative costs of 
the two plans as outlined are given in Table II where it 
may be noted that extention of the radial system-will 
cost 78 per cent more than a change over to the primary 
network plan. The inherently better voltage regula¬ 
tion of the network is expected to obviate the necessity 
for regulators. 

Comparative Cost Estimate for Area op 425 Kva. 
pbrSq.Mi. 

The Verona-Oakmont area was the second to be 
studied to determine the relative economies of the radial 






Transmlaston feeders available In Verona- 
Oakmont area 


Radial primary system whlcli ordinarily would 
be used to supply the area 


Primary network mains showing three 
transformer installations 


Fig. 3. Radial venus network system for an area having a load density of 425 kve. per sq. mi. 


versus the primary network system. In spite of the 
fact that the area embraces a total of 4.7 sq. mi. with a 
totel load of only 2,000 kva., or a load density of some 
425 kva. per sq. mi., the economies figured out so pre- 
domnautly in favor of the network that the proposed 
^bstation was abandoned and the area converted to a 
4-ky. primary network. The network construction is 
rapidly ne^ng completion. Also the area in question 
js of a residential character, with a light commercial 
load now served at 2.3 kv. 


TABLE 11—COST COMPARISONS FOR AREA OF 2,100 KVA 
PER SQ. MI. 


Radial Network 


Load. 


Initial Step 


^ansformercapacityInstaUed.is ^0 

Tra^ormer capacity with spare capacity out of * 

service. - , 

.. kva. 


.4,200 kva. 
.9,000 kva.' 

. 7,500 kva. 


Costs in per cent 


Real estate. 



Substations. 


. .. 0.0 

El ct^^ical equipment... 

. , 67 0 

... 26.7 

Transmission..'. 

1 o 

... OD.U 

Distribution. 

Ducts 


1.6 

3.4 

Changes in 4-lcv. feeders and mains. 

. 0.0.... 

. .. 10.8 

... 1.1 


Total initial 


Load. 


Second Step 


ttaMformwtep^t^'insUed'.!1!!!!'!!!!!! ^ ; 9 ^ 

Tranafonnor capacity -with apare capadtr out of 

.. . 7,MO kva...7.600 kva. 


Substation increase.. 
Bistribiil^oti increase 

Total second step..,, 


Costs in per cent 


28.0.,...., 0,0 

20 . 6 ,,,..,, 0 . 0 ’ 


..X78 ..100 


(initial step) vdll liave two 4.000-fcva., three-phai 
service, tiie other wfll caity 26 pw ce 
m allSS^^?' la aatlafiMrtory for hiittal at 

^ 1.600-kva.. three-iihaeo banks and when oi 

7MokTO tritt 26 per cent overload eapadty, giv 

L6O0 kva. topadtytpcanr 4.200 kva. Initial load. 


402 


In the comparative studies of the Verona-Oakmont 
area a new substation having two 3,000-kva. trans¬ 
former banks (giving a rated station capacity of 3,750 
kva. aljowing for 125 per cent load on one bank with 
the other out) would be the minimum requirement for 
extension of the radial system. This system also would 
have required two 4-kv. regulated feeders. (See Fig. 3.) 

For the same area the network plan was figured upon 
three different bases; with: 

1. All equipment in underground vaults. 

2. Rqulpment above ground in Bmn.ii buildings, 

3. Equipment mounted above ground and outdoors on concrete pads. 

Calling the cheapest of these methods (3) 100 per cent, 
data revealed that the radial s(dieme represented 35 
per cent addition in cost. The underground vault net¬ 
work plan (1) and the small-building plan (2) figures 
respectively 18 and 7 per cent more costly than plan(S). 
Comparative data are given in Table III. 


TABLE III—COST OOMPARISONS FOR AREA OF 425 KVA 
PER SQ. MI. 


Radial 


Network 


Load... 

Proposed Inst, capacity 
Operating capacity*... 


U. ©.Vault 


2,000 kva. 2,000 kva. 
6,000 kva. 4,600 kva. 
8.760 kva, 3,760 kva. 


Bldg. Type Outdoor 


2.000 kva. 2,000 kva, 
4,600 kva. 4,600 kva. 
3,750 kva. 3,760 kva. 


Costs in per cent 


Real estate...... 

Substation bldg, or vault.. 

Equipment... . 

Transmission... 

Distribution.. 

Duct connections. 


X7.0.. 0.0. 2.8...., 

4.2.. 24.6.13,0. 

25.0. 71.0.66.3. 

2.6. 3.3.'... 4.4.,.., 

1‘6.. 13.2..,., 18.2,.... 

14-5 . 6 . 7 ,..,. 7.6 . 


2.8 

6.8 

66.3 

4.4 

13.2 

7.6 


Totalf....138.,......107. .:...100. 


*BaMd on 126 per cent load on transformers for five hours In case of 
feeder or transformer failure. 
tNote: Cost ofregulators included in above estknates. 


In pursuing the construction of the Verona-Oakmont 
primary network it decided to use one each of the • 
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three kinds of installations just mentioned, in order to 
secure practical operating data. This worked out well 
because only three transformer points are required for 
the initial network. As to the future, it is contemplated 
that underground vaults may be used as required in 
congested areas where above-ground installations are 
out of the question because of proper costs or zonmg 
ordinances. Small buildings may be used in less con¬ 
gested and medium-grade residential areas while in 
lowffl*-grade areas the outdoor equipment on concrete 
pads and surrounded by a fence may be used to 
advantage. 

In the area m question the vault will require sub¬ 
mergible equipment. General details are revealed in 
the sketch. Fig. 4. 
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~ TIME-CURRENT CURVE 
INVERSE TIME OVER-CURRENT RELAY 
SPECIAL DESIGN 

6 Ampere Tap with 250/5 AmiL C.T. 
Tima Lever Set on 3 


Curve of Stan4ard ReUyr 
" Shown for Compariaon 


MO iooo 1^ 2000 2^ 3000 3^ 4000’ 
CURRENT IN AMPERES 


NOTE 


Current Values Shown are for a Phase to Ground Fault at % 



RELAY OPERATION 

Oil Circuit Breakers No's. 1&5 Must Open to Clear Fault 
aiXB. No. 5 Opens in 03 Second which is I Second Quichar 
Than any Other 0X.B. Could Open. 

After O.C.B.N 0 .S Opens, the New Distribution of Fault Current 
Shown In Breckets wilt Exist and O.C.a No. 1 will Open fn 
23 Second with no Cither OfLB. Carrying Enough Current to Operate 


Relay Protection 


Fig. 5. Typical analysis of relay operation for tie- 
main fault 


Network relays similar to those used on low-voltage 
a-c. networks and providing similar protection are being 

used on the transformer breakers. Another relay re- ampere current transformer and a 4-ampere relay tap, 
closes the breaker automatically upon resumption of the relay will operate in 9 sec. at 480 amperes, and in- 
supply on the feeder. Further protection in the form accurately on a current as low as 320 amperes. In the 
of a contact-making thermometer is being considered as plan adopted only the two breakers connected to the 
a guard against protracted overloads. Bus differential faulty line wU operate. However, if comer trans¬ 
protection at each transformer installation will operate formers are installed from which tie mains run in only 
to lock all breakers open in case of a fault on the bus at two directions, proper selectivity is impossible with that 
the intersection. particular transformer out of service. In general it may 

Tie-main protection has been the subject of extended prove advisable not to use this desi^, but rather to run 
investigation as a result of which overload relays, with a third tie main to an adjacent intersection, 
inverse-time characteristics greater than normally em- To determine definitely the requirements of a type of 
ployed have been chosen for the service. With a 400/5- relay for this service, extensive short-circuit studies were 


Fig. 4. Design fea¬ 
tures of under¬ 
ground primary- 
network vault 
sh wing barrier- 
wall construction 
for equipment seg- 
r gation and show¬ 
ing also the integral 
construction of the 
transformer and its 
associated switch¬ 
ing and relay 
equipment. Water¬ 
tight hoods . on 
(possible) regula- 
t rs and wai r- 
tight cubicles for 
break rs and all 
associated equip¬ 
ment also may be 
not d 
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• Fij. 6 , Submersible cubicle for oil circuit breaker 
and associated equipment including relays 


made of the network layout for three-phase and phase- 
to-ground faults at all locations along the tie mains, with 
all transmission feeders in service, and with each one out. 
Pig. 6 prints a t 3 rpical analysis. Eesults in all cases 
are sufficiently conducive to warrant the expectation 
that no trouble will be experienced in relaj/ing the 
Verona-Oakmont primary network, particularly if two- 
way-feed transformer installations can be eliminated. 

Conclusions 

On the ‘basis of studies made, the primary network 
may be said to offer the following advantages over the 
usual radial system: 

1. Material reduction in investment. 

Even vmder tihe adverse conditions of load densities as low as 426 kva. per 
sq. ml., the cost runs as much as 36 per cent higher for the radial system. 

2. Greater copper economy. 

Beduoed copper sizes are possible on the mains because of the smaller cur- 
rents and shorter distances of feed, the results of th^ network principle. 

3. Reduced duty on oil circuit breakers. 

^opt-clrcnit studies of the two areas studied and of theoretical systems in- 
dlcate that the oil circuit breakers can be materially smaller than for the 
corresponding radial system. 

4. Better regulation. 

Any radial system inherently has considerable voltage variati n which 
regulators cannot compensate. It is believed from a theoretical voltag 
analysis made that a very uniform voltage will be obtained on the network. 

5. Small and standardized transformer units. 

Transformer units (transformers, switches, regulators, if used, and auxUlary 
equipment), can be manufactured in units, stocked If necessary, and In¬ 
stalled when required. 
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6. Capacity may be installed in small increments. 

The radial system requires a substation and distribution system to be built 
well in advance of the load growth; long-range estimates are necessary for 
load growth both in direction and magnitude. In the primary network 
transformer units are instaUed where and when needed. Long-range pre¬ 
dictions are unnecessary. 

7. Investment for load growth in small increments. 

The Investment is not made in large steps far in advance of the load growth. 

8. Reduced system losses. 

One item of saving for example, is the complete elimination of feeder losses; 
there are no feeders. 

9. Reduced area of outage. 

With the designs considered each tie main will.have a capacity of 600 or 700 
kva.; the radial circuit has a capacity of 2,100 kva. A failure In the net¬ 
work therefore involves less than one-third the load of the radial system. 

10. No 22-kv. breakers. 

High-voltage cables run directly to the network transformers. 


Vacuum Tubes and 
Their Applications 

The extensive use of the high-vacuum tube 
in radio and communication work has re¬ 
sulted from certain remarkable character¬ 
istics . of these tubes; the "thyratron** has 
been shown to possess certain other charac¬ 
teristics which mark it as being equally well 
suited to industrial uses. 

By 

W. C. WHITE Oeneial Electric Oo., 

Member A. I. B. E. S<dieaeotady, N. Y. 

ACUUM TUBES may be classified 
according to (1) number of electrodes (a two-electrode 
tube, bang termed a diode, a three-electrode tube a 
triode, and so on, to include tetrode and pentode); 
(2) content of the bulb, which may be high vacuum, 
gas, or vapor; (3) nature of the fundamental electrode, 
the cathode, which may' be thermionic, photoelectric, 
mercury-pool, or cold. 

For convenience, practically any form of the many 
t^es of vacuum tubes can be classified by a combina¬ 
tion of these three propaties.. For instance one sold 
unda the tode name of "tungai^' is a ^s-content, hot- 
cathode diode. Screen-grid tubes hsect so much in 
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modern radio are hot-cathode, high-vacuum tetrodes, operations where the determining factor is the unique 
The small tubes which are sold under the trade name characteristics of the tube rather than its output, 
of "thyratron" are hot-cathode, mercury-vapor triodes. 


High-Vacuum Tubes 

Fundamentally, the amount of current that can be 
carried through the vacuum in a hot-cathode, high- 
vacuum tube is dependent upon the electron emission 
and space charge effect. The electron emission is 
known to depend upon many contributing factors 
while the space-charge factor is controlled by simply 
introducing a grid into the tube with the proper voltage 
applied. 

In a high-vacuum tube are embodied four features 
that singly or in combination make for a unique 
electrical device: 

1. Independence of frequency. 

The speed of electrons Is such, that they will respond to frequencies of the 
order of several million cycles per second, so that for most purposes the 
tube has no limitations in this respect. 

2. Continuous control. 

The electrons each carry such a small charge and are in such rapid motion 
that the current through the tube can follow accurately a very complicated 
wave form, as distinguished from the step-by-step action which occurs in 
most other electrical apparatus. This feature has made the high-vacuum 
tube useful In long distance telephony and radio broadcasting. 

3. Voltage control. 

Kelatlvely large amounts of current through the tube can be controlled by 
the grid voltage without furnishing any current to the grid. For example, 
the electricity generated by rubbing a fountain pen with a piece of cloth, 
when applied to the grid Is sufficient to control relatively large amounts of 
power. This feature provides for the high amplification co^unon to this 
type of tube. 

4. Rectification. 

Current passes through the tube only when the cold electrode is positive 
with respect to the hot electrode. 

From the point of view of these four factors, it may 
readily be seen why the high-vacuum tube is of such im¬ 
portance in radio. For industrial application, however, 
the high-vacuum inibe has cert^ serious limitations, 
these being due mainly to high powerless within thetube. 
Part of this loss is represented by the power required to 
heat the cathode to the point at which dectron emission 
will take place; this ranges from about 10 to 150 watts 
per ampere of current passed through the tube. Another 
limitation arises from the fact that from several 
hundred to about one thousand volts per ampere is 
required to force the current across the vacuum within 
thetube. 

From these facts it will be seen that currents of more 
a few amperes cannot be handled economically 
by means of this type of tube. Therefore, it is apparent 
that in the industrial field the most promising applica¬ 
tions of the high-vacuum tube is in various control 

From a pap r "Vacuum Tubes.’ Their Industrial AppUcatlona," pre¬ 
sented informally at a meeting of the Schenectady Section of the A. t, F. 
Jan. 16,1931. BepJtnts not available, 
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The Thyratron 

Next discussing the thyratron tube, its striking 
characteristics are the greatly decreased amount of 
power required to heat the cathode, and a marked 
reduction in the large voltage drop characteristic of 
the high-vaeuum tube. This is brought about by the 
introduction of a slight amount of mercury gas or vapor 
into the bulb, the positively-charged vapor or gas 
molecules mingling with the electrons and neufrali 2 ang 
the space-charge. This neutralization of the space- 
charge makes possible a very diffa^nt design of hot 
cathode; instead of utilizing what might be termed an 
open-type cathode permitting the electrons to leave the 
hot surface easily there may be used an endosed-type 
cathode with just a few holes through which the stream 
of neutralized and negative ions may pass. This 
means that the heat may be kept within and conserved, 
whereas the electrons and positive ions may be allowed 
to travel to the anode. This is accomplished by sur¬ 
rounding the hot cathode with heat insulation and 
heat reflectors with only relatively small holes for the 
passage of the current. The resultant power loss is 
only about one watt per ampere of current through the 
tube cpntrasted with from 10 to 150 watts per ampere 
in the high-vacuum tube. 

Also, neutralization of the space-charge eliminates the 
high voltage necessary to pass the current through the 
space; and instead of a large Ybltage increasing with 
the amount of current to be carried there is a constant- 
voltage drop of from 10 to 20 vo'ts. 

As a result a thyratron tube built to about the same 
physical size as the corrunonly-known UX-250 high- 
vacuum tube, and costing about the same amount to 
manufacture, will handle about 50 times as rnuch cur¬ 
rent as the latter. It is apparent therefore,’ that the 
gaseous type 6f electrostatically-controlled tube is 
much better suited to the handling of relatively high 
currents common in the broad field of electrical engi¬ 
neering than is the controlled high-vacuum type. 

Nevertheless, a thyratron tube has certain limita¬ 
tions; as stated, the high-vacuum tsrpe can handle 
currents up to a frequency of one million cycles per 
second, whereas the thyratron in its present form is 
limited to a few thousand cycles per second. Also the 
thyratron cannot control direct current in the same 
simple way as the high-vacuum tube; that is, it lacks 
the feature of “continuous control.” These, howevo*, 
are not serious drawbacks for most industrial uses and 
it appears that even as the characteristics of the high- 
vacuum tube fitted it remarkably into the radio com¬ 
munication field, so the thyratron tube may be con¬ 
sidered equally well adapted for use in the industrial 
engineering field * 
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What are Effects 
of Electric Shock? 

By 

W. B. KOUWENHOVEN 

Member A. L B. E. 

Johns Hopkins University. Baltimore, Maryland 

O. R. LANGWORTHY 

Non-member 

Johns Hopkins University, Baltimore, Maryland 


Are brain cells injured when currents do not 
pass through th head? What influence 
upon life continuity does the current path 
through the body have? In an effort to 
approach an answer to these and related 
questions a second set of experim ntal data 
is given herewith. 


It is well recognized that the 

point of bodily contact is a factor of great importance 
in ca^ of injury resulting from exposure to energized 
electric circuits. Physical danger to vital body tissues 
is the source of greatest danger to life continuity in 
cases of electric shock, and the location of the point of 
contact determines largely the pathway of current flow.. 
Once inside the body the current spreads out in a more 
or less fusiform shape, but it is difficult to believe that 
the current density can be high in organs distant from 
the most direct path between points of contact. For 
example, if a man makes contact with an electric .circuit 
through one arm and one leg, it is scarcely possible that 
any appreciable current will pass through his brain. 


'Review 


Before proceeding further with the present discussion 
it may be well to recapitulate briefly because earlier 
expei^ents reported upon* (for numbered references, 
see bibliography) brought to light certain facts which 
apply to the present series. 

In the earlier tests electrodes were applied only to 
the head and tail* of the ammal subjects. Rats were 
used as the ^eiimental animal and both continuous- 
and alternating-voltage shocks were administered at 
110, 220, 600, and 1,000 volts. At each voltage the 
duration of contact at first was short and subsequently 
increased until it was impossible to resuscitate the 
subject by means of artificial respiration. These tests 
revealed that: 


1. A 1,000-Tolt contliiuotis current waa more dangerous to rats than 
an alternating current of the same effective voltage. 

2 . A large rat survived a greater shock than a smaU rat. 

3. Both sexes were eouaJly susceptible to dectrlc shock. 


4. ^alyfte of the hind legs resulting from hemorrhages In the spinal 
oord characterized many of the a-c. experiments. 


With the electrodes on head and tail the brain was 
directly in the current path and the studies showed that 
the brain appeared to be injured readily by the passage 
of ah electric current through it. Subsequent to the 
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death of the rats evidences of nerve-cell damage and of 
both macroscopic and microscopic hemorrhage in the 
brain were found in many instances.* 

In legal electrocution one electrode is placed on the 
skull, but industrial accidents rarely involve head con¬ 
tact ; the common path is from hands to feet.® 

Recent Experiments 

The recent series of experiments was undertaken to 
study the influence of the current path upon the effects 
produced by an electric shock. Are injuries to brain 
cells produced when the current does not passthrough 
the head? Rats again were chosen as animal s for study 
because of accurate knowledge of their behavior and 
because a rat seldom if ever dies of damage to heart 
after an electric injury, but rather from respiratory 
failure. Using a 1,000-volt circuit, 102 rats were 
shocked, half with a-c. and half with d-c., each for a 
period of two seconds. Electrode positions were varied 
and a few tests were made with the electrodes on the 
head and tail of the animals to check the results of the 
prior series. 

I^paratory to the shock the rats were given ether 
until they were quiet, then the points of contact 
were moistened thoroughly with saline solution and the 
electrodes (voltmeter dips filed smooth) attached. 
When connection was made to the head a special elec¬ 
trode was employed which made contact only on the 
upper surface of the skull and did not interfere with 
breathing. After the electrodes were in place the 
shock was applied. In each case the circuit was held 
closed for exactly two seconds and the current flowing 
through the animal was recorded. 

Immediately following the shock, the animal was 
removed from the circuit and if there was no evidence of 
breathing, artificial respiration was applied. This 
consisted of the application of digital pressure upon the 
chest, reproducing so far as possible the Schaefer prone- 
pressure method. Also the tongue,was pulled out, the 
vagus nerves in the neck were stimulated by stroking 
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with the fingers, and efforts were made to keep the 
respiratory tract free from mucus. 

Following the a-c. injuries the chest of the animal 
was fully expanded, a seemingly important aid to the 
resumption of spontaneous breathing or to adequate 
artificial respiration. However, after contact with the 
d-c. circuit the chest was collapsed and it was difficult 
to get air into the lungs. The a-c. shocks produced a 
strong contraction of musculature of the body and this 
in the cases of males was accompanied almost invariably 
by an emission. Clonic movements of the muscles of 
the leg were observed in many of the a-c. injuries, prob¬ 
ably produced by irritation of the nerve cells due to 
asphyxiation. Bleeding of the conjunctiva also occurred 
in many cases. 

Electrodes on Head and Tail 

Six rata in the present series and ten in the prior series 
were subjected to a two-second contact with a 1,000- 
volt a-c. circuit with electrodes affixed to head and tail. 
Artificial respiration was required and applied in 88 per 
cent of the cases, and five or 31 pw cent recovered. 
The others died or were paralsrzed by the shock. Three 
of the five that recovered were normal. After breathing 
was established it was rapid, shallow, and somewhat 
irregular for several hours following the injury, later 
becoming normal. 

Only one of the six rats in the present series was 
paralyzed as against five of the ten in the prior series; 
in fact in the present group paralysis was less common 
and fewer hemorhages in the spinal cord were found 
than in the tests of a year ago although no explanation 
for the discrepancy can be given. A brief analsrsis of 
tabulated results shows that: 

1. Of tho five subjects to recover, the average weight was 217 grams 
and the average body current 0.848 ampere. 

2. Of the six paralyzed subjects, the average weight was 242 grams 
and the average body current 0.800 ampere. 

3. Of the five subjects wliich died, the average weight was 161 grams 
and the average body current 0.844 ampere. 

In the tests previously published no rat survived a 
contact of one second or more with a d-c. circuit of 
1,000 volts. Therefore, in this series only two animals 
were given a two-second shock at this voltage and 
neither of them survived although their hearts beat 
strongly for several minutes following the contact. 
Autopsy showed only few abnormalties, but microscopic 
examination of the brains of the rats of the prior series 
revealed that the current had caused nerve-cell injuries 
' incompatible with life. 

Observations in the present group check with those 
of the prior experiments where the electrodes were 
applied to the head and tail of the animal. It is clearly 
evident that contact with a 1,000-volt d-c. circuit is 
much more deadly to a rat than contact with an a-c. 
circuit of the same effective voltage. In this series, 
artificial respiration was applied to all of the animals 
tested with continuous current, and 100 per cent of 


them died. In the a-c. tests, however, artificial respira¬ 
tion was needed in only 88 per cent of the cases; 31 per 
cent of the animals died, 38 per cent were paralyzed, 
and 31 per cent recovered from the injury. 

Electrodes on Eight Pore Leg and Tail 

Twelve rats were given a two-second 1,000-volt a-c. 
shock with electrodes on the right fore leg and tail. 
Five of these rats breathed as soon as the circuit was 
opened; in the other seven cases artificial respiration 
was required. Death occurred either immediately or 
within a few minutes in 42 per cent of the cases; three 
rats were paralyzed, one of which died four hours after 
the injury, another, nine hours, and the third survived 
until killed preparatory to autopsy. 

This group was of particular interest in emphasizing 
the fact that an animal was not necessarily on the road 
to recovery when breathing was first started. This 
phenomena is mentioned often in records of human 
electric shock. Breathing was started in three of the 
rats only to cease after a few minutes and a second 
application of artificial respiration saved only one. 
Several of the rats in this group were hyper-irritable to 
all sensory stimuli for some minutes following the 
injury. Bleeding from the eyes was a common occur¬ 
rence. The paralyzed rat that survived had a hemor¬ 
rhage in the spirud cord and there was no chance of its 
permanent recovery. 

With the alternating current flowing through the 
animals from right fore leg to tail 35 per cent of them 
recovered, 42 per cent died, and 25 per cent were para¬ 
lyzed. The injury was slightly less severe than when 
the brain formed part of the current path as in the 
previous series. 

Another twelve rats were tested on a continuous- 
current circuit with electrodes also on the right fore leg 
and t^. In this test the brain did not lie directly in 
the path of the current and the results were vastly dif¬ 
ferent from those where one contact was made with the 
top of the skull. Here six of the rats breathed spon¬ 
taneously when the circuit was opened, whereas none 
were saved in the first series even after long applications 
of artificial respiration. There was only one rat in this 
group of twelve that did not attempt to breath after 
the injury. 

Artificial respiration was applied in 50 per cent of the 
d-c. cases; 42 per cent recovered; 25 per cent died, 
and 33 per cent were paralyzed; but these figures do 
not tell the whole story. Bums resulting from contact 
with direct-current were much more severe than those 
observed with alternating current. Because of these 
bums it was not possible to keep any of the surviving 
aniTTials alive for a period longer than three days follow¬ 
ing the d-c. shock. However, any rat that survived an 
a-c. shock without paralysis appeared quite normal 24 
hours later; they ate, tonk, and were active. It is 
of interest also to note.that in this d-c. group there were 
two cases where breathing was started only to stop 
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again. In both of these instances a second application 
of artificial respiration was unsuccessful. Further brief 
anal 3 rsis of tabulated results of this group of tests in¬ 
volving 24 rats shows that: 

1. Of tbe four subjects whicb recovered from a^. shock the average 
weight was 171 grams and the average body current 0,767 ampere: of tbe 
five recoveries from d-c. shock, 108 grams and 0.754 ampere. 

2. Of the three subjects paralyzed by a-c. shock the average weight 
was 179 grams and the average body current 0.743 ampere; of the four 
paralyzed from d-c. shock, 130 grams and 0.887 ampere. 

3. Of the five subjects dying from a-c* shock the average weight was 
174 gram and the average body current 0.718 ampere: of the three suc¬ 
cumbing to d-c. shock, 103 grams and 0.800 ampere. 

From these results it is clearly evident that in cases 
where the continuous-current path does not inf^lude the 
brain there is at least a fifty-fifty chance of resuscitating 
the animal. 

Electrodes on Left Fore Leg and Tail 

Twenty-four rats were tested with the electrodes on 
the left fore leg and the tail, half with alternating and 
half with continuous current. Under alternating cur¬ 
rent, artificial respiration was applied in 75 per cent of 
the experiments; 58 per cent recovered, 17 per cent were 
pai^j^ed, and 25 per cent died. With direct-cuwent, 
artificial res5)iration was used in only 58 per cent of the 
cases; 42 per cent recovered, 33 per cent were paralyzed, 
and 25 per cent died. 

The resifits of this series also emphasized the fact 
that breathing will not necessarily continue after having 
been established either spontaneously or by artificial 
respiration. Reactions and behavior of the rats in this 
group were closely identical with those where the cur¬ 
rent path was from the right fore leg to the tail. It was 
not, however, quite so dangerous to life. The d-c. 
results here also confirm the importance of eliminating 
the brain from^ the current path if any hope of recovery 
for the animal is to be entertained. 

Electrodes on Both Fore Legs 


Electrodes on Both Hind Legs 

Fourteen rats were tested at 1,000 volts with elec¬ 
trodes attached to both hind legs, seven on an a-c. 
circuit and seven on a d-c. circuit. Their average 
weight was 127 grams and the average current that 
flowed for two seconds was 1.17 amperes. Only one 
rat died as a result of the a-c. contact, and two from the 
d-c. contact, when the circuit path involved principally 
the caudal region of the body. The rat that died after 
the a-c. contact had started breathing spontaneously 
as soon as the circuit was opened. He was considered 
as recovered and had been placed back in the cage; ten 
minutes later he was foimd dead. 

Artificial respiration was not applied to any of the 
seven rats that were injured with alternating current. 
All breathed spontaneously and 86 per cent recovered 
completely. They were all active and lively within a 
few minutes following the shock. One, or 14 per cent, 
died, and it is believed that his life could have been 
saved had artificial respiration been applied at the 
proper time. Following the d-c. shock, five of the 
animals breathed at once. Artificial respiration was 
applied in but two cases, (29 per cent) and these animals 
died after a few attempts at breathing. The other five 
(71 per cent) recovered and in a few minutes became 
very active. 

These tests demonstrate clearly the fact that when 
none of the vital organs lie directly in the path of body 
current the electrical injury usually is small. 

Electrodes on One Fore Leg and One Hind Leg 

Effects produced by the flow of cmrent from the right 
fore leg to the left hind leg were studied in eight rats, 
from the left fore leg to the left hind leg in eight other 
rats, and in a third group of eight the electrodes were on 
the left fore leg and the right hind leg. Half of these 
were subjected to an a-c. circuit and the remainder to a 
d-c. circuit. 


_ Eight rats were tested with electrodes on both fc 
legs, thus involving the heart and lungs directly in t 
path of the current flow; four were shocked with alt< 
nafang, and four with continuous current; their avera 
waght was 144 grams and the average body current w 
1.24 amperes. 

Although artificial respiration was tried in every cas 

no animal survived, a fact not strange when one co 
adets the current that flowed for two seconds T] 
chest was warn to the touch when the circuit w 
j'. ^ l>ut one case, however, the heart co: 
tmue^ to beat following the shock. It is reinarkab 

at all after so severe s 
and that two of the rats attempted to breatl 

^ following the d- 

w no possibility of survival with th 


Not a single rat was permanently saved after contact 
mth the d-c. circmt; one was resuscitated but only to die 
two and a half hours later. In several cases no heart 
actaon could be detected and at most, many of the 
ammals gave only a few gasps. There was greater 
success m saving those that had been injured with 
altoatog current, where in five cases breathing was 
^bhshed by a long appUcation of artificial respiration. 
One of this five was paralyzed, but aU including the 
pa^yzed one became quite active soon after the shock. 

Results for the 24 cases where the current path waa 
from fore to hind leg, may be summarized as follows: 


and d.0. contacts.--^ «i«anc6. ootU fof tbe ani 

^tematlng cuwent 83 per cent of tbe aatmaU Maav««d 
elgSit per cent trere paralyzed, and 88 per cent died. tecovered. 

3. 'Wllibcon^uous current 100 per cent of the anlinate died. 

4. Of toe four subjects whito recoTCMd, toetavenwe -Bretahf 

t and toe average body cnrrenisnDfna'm'na.^ ** ®*Sht was 116 
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6. The rat that was paralyzed weighed 143 grams and the current 
that flowed was 1.060 amperes. 

6. Of the nineteen subjects which succumbed, th average weight 
was 132 grama and the average body current 1.211 amperes. 

Normally one would expect that there would be little 
if any difference between the effects produced by a 
current flowing from either fore leg to tail or by one 
flowing from either fore leg to either hind leg; yet in 
the group where the current path was from fore leg to 
tail, 44 per cent of the rats recovered; in the second 
group where one electrdde was attached to a hind leg 
instead of the tail, only 16 per cent were saved. 

Wherein, then, lies the deadliness of this current path 
from fore leg to hind leg? The authors believe that the 
high death rate found here is caused by the low-resis¬ 
tance path that the animal offers to a current flow when 
its tail is eliminated from the circuit. The average 
resistance of the current paths from fore legs to hind 
legs for the 24 rats was less than 70 per cent of that 
found for the 48 rats where the current paths were from 
either fore leg to tail. The higher resulting current is 
believed to be responsible for the deaths of the animals. 
A second argument supporting this conclusion is the 
almost complete absence of serious injury to the rats 
when the current passed from one hind leg to the other, 
even though the current values woe high. 

Discussion and Conclusions 

These experiments confirm Urquhart’s* conclusion 
that when an electric current passes through the brain 
a temporary physiological block is produced in the respi¬ 
ratory center and that spontaneous breathing ceases for 
a time. He stated that if no serious injury to the heart 
occurs, adequate artificial respiration may give time for 
the center in the medulla to recover and for normal 
breathing to begin. Madachlan^ reports in his field 
notes a case of recovery from shock following eight 


hours of continuous application of the Schaefer prone- 
pressure method, which also confirms Urquhart's 
findings. Urquhart®, in a second series of experiments, 
demonstrated that a temporary block could be pro¬ 
duced in the spinal cord or in a nerve trunk by the pas¬ 
sage of an electric current. 

Langworthy^ found by his microscopic e xam ination 
of sections of the brains of the rats injured by high- 
voltage electric currents that in many cases the damage 
to the cells was incompatible with life. Microscopic 
study of the central nervous systems of all of the rats 
in this present series will be made. 

Results obtained clearly demonstrate the presence 
in many of the rats of a temporary respiratory block, 
the location of which, whether in the brain stem or in 
the vagus nerves, depends upon the current path. 
Resuscitation is possible provided the damage done 
does not require a recovery time too long to permit life 
to be supported in the interval. 

Effects produced by the various current paths 
through the animals are summed up in Table I. From 
that table and from the results presented, the following 
conclusions may be drawn: 

1. A 1,000-volt continuous-current circuit is more dangerous to rats 
than an alternating circuit of the same effective voltage, irrespective of 
the current path. 

2. The chances of recovery are best when the brain does not lie directly 
in the pathway of the current. 

3. The injury produced by the current path from the left fore leg to 
the tail is less severe than that caused by the same current fl wing from 
right fore leg to tail. 

4. When the main pathway of the current did not include the brain, 

spinal cord, or nerves required for respiration, most of the breathed 

at once and were active a few minutes after the injury. 

5. The presence of a respiratory block has been demonstrated, and the 
fact that when natnrcd breathing is flrst established the animal is not 
necessarily on the road to complete recovery. 

6. The respiratory block Is less severe, If not absent, when the current 
traverses the posterior portion of the body. 

7. Burning of the tissues with continuous current Is much more severe 
than occurs for the same effective alternating current. 


TABLE I—SUMMARY OP RESULTS OBTAINED IN EXPERIMENTS 
Submitting 161 Rats to Contact with l.OOO-Volt Circuits for Two-Second Shock Periods 


Ourrent 

Position of electrodes 

Number 

shock^ 

Per cent 
requiring 
artiflcial 
respiration 

Per cent 
Immediate 
recovery 

Per cent 
paralyzed 

Per cent 
immediate 
death 

Alternating .,. 

. Head. ... 

...Tail .. 

. 10. ....... 

... 88 . 

511 


. 81 

Oontinuous. .. 



. 3. 

...100 . 

0 


.100 

Alternating... 


.. .Tail. 

.. 12 .. 

... 68. 

.33. 


. 42 

Continuous.... 




.. .^ 60 . 

....•« *42. ..... 

...... 33 »...«« 

. 26 

Alternating ... 


...Tall . 

. 12; . 

... 76 . 



. 26 

Oontinuous ,. 




... 68/ . 

. 42 . 

. 33 . 

. 26 

Alternating. .. 


.. .Tail.. . 

..... .24. 

... 67 . 

.. 46 . 

......21...... 

. 83 

Oontinuous. .. 



.24. .. 

... 64 . 

. 42. 

. 33, ...... 

. 26 

Alternating. ., 

..... Bight fore leg. . .. 

... .Left fore leg* ,. 


.,, 100. 



. 100 

Oontinuous.. , 



4 

, . ,100. 

■' Q 

. 0 . 

. 100 

Alternating. , . 


.. .Left hind leg. 

...... 7.. »«•.•... 

... 0...... 

86 ...... 

... . 0. .... • 


Oontinuous. .. 



7 r* ‘ 

... 29 . 

...... .71. ..... 

. * . 0 . . 

. 29 

Alternating. ., 

_____ ^Either fore leg. .,. 

.. .Either hind leg... .. 

. ,12........ 

. ..100...... 

....... .33. 


.59 

Continuous... 



....•* 12 

....100.. 

• • * a . * • 0. ...... 

.. 0...... 
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Electric Power 

in the Steel Industry 

A brief utline of some of the revolutions 
in production methods brousht about by 
electrification on a large scale. 

By 

G. E. STOLTZ Westiaghouse Blec. & Mfg. 

Member A. I. B. B. Oo., Bast Pittsburgh, Pa. 

^^INGE the World War practically 
every industry has been subject to a dediniug market 
price of its commodity. The very definite problem 
before industry during this post-war period has been 
to modify production methods and processes in a 
manner which will permit the manufacture of com¬ 
modities at a constantly declining cost . 

Perhaps in no indusb^ has thoe been greater progress 
in recent years than in the steel industry and some of 
the major advances that are attributable to the applica¬ 
tion of electricity, not only to auxiliary drives 
annealing processes but also to the replacement of the 
large steam engines for main roll drive with motors, 
far exceed in performance and output an 3 rtbing ob¬ 
tainable by steam. Perhaps even more vital than the 
application of motors to main rolls has been the installa¬ 
tion of delicate and accurate control devices which has 
brought about a complete change in the rolling of sted. 

Up to 1921 the steel industry had been accepting 
electrification but not in the wholehearted tnaimfir as 
it now does,. As to main rolling drive, there was con¬ 
siderable argument betwoen the steam advocates and 
tiiose who were in favor of electric drive; but when the 

Brum '‘Mie Use of BleetekiW la the Steel Industry,” presented at the 
western Metals Oongrw, San Frandsoo. Feb. 16-21,1981. 
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steel industry was definitely confronted with a steady 
decline in the price of steel products the curtain was 
drawn abruptly on further debate and many large 
engines were replaced by electaic drives. At that time 
an electrified plant enjoyed an advantage of $2.50 per 
ton of product over a steam-driven plant; at present 
this diff^ence is even greater. 

One of the first products to feel the far reaching 
effects of electrification was strip formerly rolled in 
mills where the metal was passed back and forth by 
hand from one stand to another. The drawback in 
this type of mill was not only that it required a great 
amount of hard labor but that the thin metal traveling 
along the cold fioor would lose its temperature rapidly. 
The tandem motor-driven mill arrangonent not only 
reduced the amount of power required to roll the steel 
but enabled the same slab to be finished to a t.hinnpr 
gage. 

So long as steam engines were used this newer t 3 T)e 
of tandem mill of course was impossible because it is 
necessary to have, for the driving of each stand, indi- 



Fig. 1. Installed horsepower on main-roll mill 
drives is increasing rapidly 


vidual umts which can be adjusted in speed to accommo¬ 
date different drafts in individual stands and TnaintfiiTi 
a pre-set speed whether tiie load be light or heavy. 

Strip usually covers a range from 3 to 20 inphes in 
width while sheet varies in width from 30 to 60 inches. 
Since the continuous type of individual motor-driven 
mills proved so successful in strip, milla it is only natural 
that presMit day production-of heavy sheets is being 
drastically changed. The transition has not reached 
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that same conclusive state as it has in strip mills and 
at the present time only the heavier sheets are being 
rolled on this type of mill. It is possible however that 
in the near future continuous rolling of sheet will be 
almost as complete as the continuous production of 
strip. 

From sheet to plate is the next logical step; conse¬ 
quently the first installation of a continuous plate mill 
is being made now. In othm* words the use of the 
tandem-mill motor specially designed for flat speed 
regulation has gone from strip to sheet mills and now is 
invading the plate-mill field. In general, the old type 
of mill was able to produce from 10,000 to 16,000 tons 
per month. 

Recently with the development of structural shapes 
has come a new type of wide-fiange mill where motor 
drive has been utilized. In the rolling of these larger 
and relatively more complicated shapes only the advait 
of sensitive, sturdy, and accurate automatic electrical 
control devices has made the wide-fiange mill an 
operating success. In one mill typical of this a 7,000- 
hp. motor drives the main rolls (used on the web and 
inside flanges of a beam) and also two vertical rolls 
which reduce the outsides of the flanges. Adjacent 
in the line of production is a set of auxiliary horizontal 
rolls which reduce the edges of the flanges. These 
auxiliary rolls are driven by a 2,000-hp. motor. It is 
essential that these two motors remain in synchronism 



Fig. 2. Lay ut of typical older type of 14-in. strip 
mill showing hand transfer between finishing stands. 
Compare with Fig. 3 


regardless of the relative load on mther of then. Also, 
with the material passing bade and forth between these 
three sets of rolls and with the different drafts to be 
taV on on the rolls, various speed relations between the 
three sets of rolls must be pre-set and rigidly main¬ 
tained for any given pass. This represented one of the 
difficult problems in the design of the electrical equips 
mart for this mill. It not only required a caieful 
designing of the control but of the motor as weD. 

The other problan was to establish a proper setting 


for the three sets of rolls as the metal was being reduced 
from a beam blank to a finished beam. It may be 
imagined that if heavy drsifts were taken in the vertical 
rolls during the early passes, while most of the work to 
be done by the main horizontal rolls was delayed to the 
last few finishing passes, there would be considerable 
distortion and unnecessary strain set up in the metal. 
With three sets of rolls to be adjusted after earii pass it 
was inconceivable that two men would reproduce 
properly the drafts as each piece of metal came through 
the mill, a matter of importance in securing uniform 
elongation of the metal throughout its entire section; 
furth», miless drafts could be predetermined it would 
be impossible to pre-set the speed of the 2,000-hp. 
motor. For this reason arrangements were made to 
operate the screwdown on the three sets of rolls auto¬ 
matically for each individual pass and at the same time 
adjust the fidd of the 2,000-hp. motor for its correct 
speed. This automatic setting of the rolls for each 
individual pass was the second distinct contribution 
made to the phenomenal success of this type of mill 
by electrification. 

Foturb Prospects 

There are many oth«* instances where the steel indus¬ 
try has utilized electrification to maintain a pro^erous 
condition r^;ardless of the decline in the price of steel. 
Probably one of the most spectacular changes frxtm a 
labor point of view is in the production of wrought iron. 
At the present time one company is incorporating a 
method of manufacturing wrought iron by merely 
pouring the molten iron from one ladle into another 
containing molten slag. In three minutes a three-ton 
ingot is produced by a few men, whereas by the old 
method it took twenty men two hours. The old 
method of puddling might be tmmed a back-breaking 
job meant for yoimg men only; today the seasoned man 
of fifty with steady habits is better adapted to manipu¬ 
late the machinery required for this new process. 

Thoe is no question but that still further changes 
of great consequence to steel production will be ob¬ 
tained through the i^e of electricity. As yet there is 
little appredation of the full use to which electridty 
may be placed, but these posribilities will be unfolded 
in the future just as they have been in the past. 



1,250 HP 

Fig. 3. Lay irt (m dem 14-lii. strip mill. 
Compare with Fig. 2 
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A Neutralized 
Welding Generator 

By reducing the magnetic energy stored in 
the generator field, transient currents in d-c. 
welding machines can largely be eliminated. 
Providing such generators with neutralizing 
windings reduces this energy to a minimum. 

By 

F. CREEDY Lehigh tTnlversity 

Member A. I. E, E. Betiilehem, Pa. 


of transient charactoistics is of the utmost importance. 
Although the steady characteristics of a welder may 
show a constant current for a wide range of voltage, if 
transient variations from these conditions are possible, 
the machine still will be unsatisfactory. 

If the current is capable of a sudden jump fium one 
value to a higher one, then any sudden shortening of 
the arc or contact with the work means that an exces¬ 
sive amount of energy is suddenly concentrated in it, 
resulting in an explosion with the familiar "spluttering” 
so annoying to welders. This spluttering is almost 
entirely the fault of the generator. 

It will be clear now that the steady characteristic 
of the generator (for instance as measured on a re¬ 
sistance load), does not indicate whether it is good or 
bad for welding purposes. It must have an additional 
quality which is vaguely called stability; which brings 
up the question as to how this stability may be cal¬ 
culated and measured? 


A RC-WELDING generators of the 
d-c. type in order to be satisfactory not only must 
operate at constant current over a wide range of volt¬ 
ages, but must also be free from heavy transients. 
The operation of such machines can be improved vastly 
by incorporating in their design a winding to neutralize 
the effect of armature reaction in the generator, and a 
high external reactance in series with the arc. 

It should be noted at the outset that two different 
types of welder are possible—^the separately-excited 
type and the shunt tjpe. The former type has a 
s^arately-excited coil in its field, its ampere-turns 
opposed by a coil connected in series with the annature; 
the shunt type, in addition to this, has a shunt coil on 
the field. 

It is proposed that in the case of a shunt type of 
welder its shunt coil and separately-^cited coil ahn nl d 


It is proposed that the stability of all welding ap¬ 
paratus be defined in terms of what may be called the 
"stability ratio,” and that the stability ratio be de¬ 
fined and measured by (1) applying full load to the 
welder by means of a resistance, as for example, 200 



Fig. 1. Schematic diagram for neutraliz d welder 

The shunt and separ&tely-sxcitocl holds have l>oon com¬ 
bined In a single winding T. The neutralizing -winding Is 
designated at N whUe Q represents the arc serlos reactaiico 


be combined into one in -(he manner shown in Fig. 1. 
If to a shunt coil and a separately-excited coil, each of 
resistance R, are applied voltages and E* re^ec- 
tively, the currents in each will clearly be Ei/R and 
Es/K. If instead of this a smgle coil is used, still of 
resistance E, and is submitted to an e.m. f. equal to 
.1^1 + Eg, then the current will be Ei/E -f- Eg E; that is, 
the ampere-turns will be just toe same as in the case of 
the two sep^te coils. This construction provides a 
minor Amplification in toe design of this particul^ 
type of machine. Its chief advantages, however, are 
toat by rendering leakage between the shunt and 
separately-excited windings impossible (since they are 
now the same winding), it reduces tranaent currents 
and prevents damping of toe shunt currents by the 
s^ar^tdy-excited winding. 

In any study of welder deagn, a careful conaderation 

Means OcnfaoUlng Transleate.” 

ItoT***^ ** ^ ®-"*®‘** conymtlon, New York, 


amperes at 30 volts; (2) by arranging a switch so that 
toe resistance may be short-circuited instantly thereby 
instantly short-circuiting the terminals of the machine 
tixrou^ the steadying reactance; and (3) by measuring 
toe maximtun current kick produced (600 amperes for 
example) when the shorinjircuiting switch is closed. 
The stability ratio is then the ratio of this maximum 
kick to toe normal full-load current. 

In toe example given, where the kick is 600 amperes 
^d toe full-load current 200 amperes, the stability ratio 
is 3. Under a small stability ratio the welder will 
opaate steadily. 

There is no serious difl&culty in measuring this kick 
by well-known methods with instruments ordinarily 
found in a test room; First the glass front is removed 
from an ammeter, preferably one of the moving-coil or 
dynamomrta: t^e wlidse moving system has a low 
moment of inertia. By means of a pencil point, or 
otherwise, the needle is held at approjdmately the value 
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which the current is expected to have—say 600 amperes. 
Next, the machine is short-circuited, and if the current is 
less than the value indicated by the pointer, it will 
continue to rest against the pencil point and be pre¬ 
vented from moving back to zero. If the current is 
greater, the needle will momentarily flutter away from 
it to a greater or less extent. If, however, there is no 
flutter, the test should be repeated with the needle held 
opposite a lower reading on the scale, say 500 amperes. 
If the fluttCT is vigorous, the needle should be held oppo¬ 
site a higher reading on the scale, for instance 700 
amperes—the test being repeated until a point is found 
where the needle shows only a slight indication of move¬ 
ment. By this means, using only standard d-c. instru¬ 
ments, the instantaneous short-circuit current may be 
measured with fair accuracy. 

It is necessary that the voltage of the generator be 
able to respond rapidly to changes in arc length while 
the current remains constant; it would seem therefore 
that the separately-excited type of generator in which no 
voltage variation whatever can take place unless there 
is current variation must be inferior to the shunt type 
in which voltage and current variation are independent 
of one another. Up to a few years ago this reasoning 
was common but since as hitherto designed the shunt 
type of machine was found to be sluggish—^that is, 
the voltage did not rise sufficiently fast with increasing 
arc length—^it has fallen into disrepute. 

After a rather complete mathematical study of weldo* 
transients it was concluded that this sluggishness arises 
from the large amount of magnetic energy stored in the 
field system of machines of ordinary design. For 


F _ F 
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Fig. 2. Current diegraras for a generator with small 
field leakage (A) and high field leakage (B) 

.. la and Ib represeiit the welding current, F the current in 
the separately-excited coil, and G the resultant ampere^turns 


instance when the voltage increases, the flux of the ma¬ 
chine must increase also; and if this requires a large 
increase in magnetic then a certain amount of 

time must elapse before that energy can flow in. The 
proposal outlined in the beginning provides that the 
magnetic energy stored in the field system be reduced 
to a minimuin. Again if there is leakage between the 
series and tibie shunt or separatdy-exdted coils, or to 


borrow a term from radio practise, they are ‘loosely 
coupled,” the transient current in the separately-excited 
coil is not closely conditioned by current changes in the 
series coil. 

The foregoing is illustrated in Fig. 2; in the case of 
small leakage as shotvn at A, when the welding current 
rises from I, to Ij, the increased ampere-turns of the 
series coil are instantaneously masked by equal and 
opposite ampere-turns in the separately-Kccited coil 
whose current is shown at F; if the energy stored in 
this circuit is small, these transients die away at an 
exceedingly rapid rate so that the flux very rapidly takes 
up its ne\^ value. With high leakage as shown at B, 
the change in the ampere-turns in the series coil im¬ 
mediately influences the flux, since the transient cur¬ 
rents in the separately-excited coil have consid^able 
lag. Later the transient current in the separately- 
excited coil starts causing the flux to return to nearly its 
original value after which the transient gradually dies 
away, the net effect being that the flux first falls, 
then increases, and then gradually falls again—a very 
undesirable condition. Hence, one may summarize 
the condition which leads to good transient characteris¬ 
tics in a weldff by stating that there should he “close 
coupling” between the series and shunt or separately- 
excited coils. It has been shown that under this con¬ 
dition both the magnetic energy and the leakage should 
be small. 

In Fig. 3 are shown oscillograms of welding current 
for a welder whose Add windings are separate and 
those for a welder arranged as shown in Fig. 1. By 
comparison of these two curves it is obvious that the 
initial rise of current which is universal in welders whose 
transient characteristics have not been carefully 
studied, is entirely absent in welders designed as 
previously outlined. It is evident that in the latter 
case there is no sudden concentration of energy when the 
electrode touches tiie work. 

Results of a thorough, mathematical study of the 
problems involved are briefly summarized in the 
following paragraphs. 

In the welding generator, two distinct problems 
exist: 

1. The cuirreait miuti be hdd constant during rapid (dianges of con¬ 
ditions. This Is solved by the use of reactance. 



SECONDS 

Fig. 3. Current-time relations in a neutralized 
welder suddenly subjected to full I ad. (A) Shunt 
and separat ly-excited fields independent; (B) 
single winding used for both 


JuistE 1931 


413 




2. The machine must be so designed that the voltage generated may 
vary rapidly to meet changes of conditions without much change of current* 


to rely upon the reactance to deal with rapid variations* and shield the shunt 
winding from them. 


It is essential to recognize that there are two distinct 
problems and not one, and that only the second of these 
requires the use of a special generator. Every change 
in voltage involves a change in field strength, and in 
connection with this the following requirements should 
be noted: 

1. Itapld changes require that held variations must talce place with 
only a small inflow or outflow of magnetic energy to the field; or in other 
words* the magnetic energy stored in the field shall be as small as possible. 
For this purpose the generator should he designed with: (a) low saturation, 
(which will he secured in any case, owing to the need for a high voltage on 
open circuit); and (b) the shortest possible air-gap involving seml-closed 
rotor slots and laminated pole tips. 

2* liow magnetic energy means very rapid increment or decrement of 
flux to meet changed conditions; and also the absence of oscillations 
where a large external self-inductance is used. 

3. OscUlaUons ar due primairily to the fact that the magnetic energy 
stored in the field is about equal to that in the reactance. This condition 
should be avoided; the energy stored in the reactance should be much 
greater than that stor din the field. 

4. To store a large amount of energy, the reactance should have many 
turns, and a fairly long air-gap. (It may be made of cast iron, or cast 
steel.) 

5. It is common practise to use for this purpose the reactance of the 
armature circuit due to the cross-flux. This is bad practise because: 
(a) The necessity for a short air-gap has Just been pointed out in the 
Interests of low stored field energy, (b) If there are many armature turns 
^th a short air-gap, the cross-flux will produce high saturation, tending to 
increase the stored field energy: (c) If the pole arc is wide this cross-flux 
will create sparking, (d) If we reduce the pole arc to avoid this, we reduce 
the reactance formed by the cross-flux and increase the reluctance of the 
field, (e) A concentrated interpole winding diminishes the effectiveness 
of the machine as a reactance. 

6. Because of this, It is better to use a neutralizing winding or distributed 
interpol , completely abolishing the,cross-flux, and to have the reactance 
in separate form. The endeavor to combine the conditions for maximum 
reactance and the opposite conditions for minimum field energy mean 
that neither set of conditions can be met satisfactorfly; only separate pieces 
of apparatus can satisfy both in the best possible manner. 


9. The lower the field energy and the higher the field resistance, the 
more rapid are the variations which can be followed. 

10. The higher field resistance also tends to check oscillations but 
more power is required for excitation, and in a machine with a shunt circuit 
it is desirable that the field resistance be such as will give the constant- 
current condition. It seems better therefore to rely on other means; 
namely, low field energy, and high external reactance to avoid oscillatfons! 
and not connecting the shunt circuit directly across the arc. This last is 
perhaps a point of secondary importance, and one to which some difference 
of opinion might be allowed. 

11. Leakage self-induction In the shunt or separately-excited circuit 
prevents rapid response by permitting the shtmt ciirrent to vary at a 
different rate from the armature current. Such leakage is the sole cause 
of these variations. 

12. If there Is no leakage between the series coil and the shunt or 
separately-excited coil, all currents must vary at exactly the same rate 
making “slugglahness” impossible. 

Weldere designed in this way may be built conve¬ 
niently with slotted stators, although this is not necessary. 
This construction renders it possible to reduce greatly 
the cost of a welding set by combining the welding 
generator itself with an induction motor in the same 
ma^etic structure. It can be accomplished as shown 
in Fig. 4. The two machines are arranged for different 
pole n^bas, circuits belonging to the welding genera¬ 
tor being at the back of the slots while those of the 
induction motor are at the front. The rotor has an 
ordinary d-c. winding suitable for the welding generator 
and fitted with equalizers. Through these equalizers 
the ^ondary currents of the induction motor flow, 
and in this way are prevented from appearing at the 
commutator at all. An illustration of the complete 
apparatus as built with vertical shaft is given in Pig. 5. 




Shaft in Chrome 
^ Nickel Steel 


Fig. 4. Combined welding g nerator and Induc¬ 
tion mol r with si Ited stator 


Fig. 5 . Complete neutralijced d-c, welding set 
built with vertical shaft 
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Some Effects of 
Unbalanced Faults 

Line-to-ground voltage in three-phase 
grounded-neutral electric power systems 
under fault conditions often may be greater 
than the line-to-line voltage. This and 
numerous other importaht relations are 
shown by an investigation of the wide range 
of power-system voltages and currents exist¬ 
ing under fault conditions. 

Since the introduction of the 

method of S3mimetrical components as a powerful tool 
for the solution of electric-circuit problems, it has been 
used in many S 3 rstem analyses. Utilizing symmetrical 
components, this article shows by means of curves and 
tables the full range of fundamental-frequency voltages 
and currents obtained in a three-phase system under 
various fault conditions; it discusses also certain phases 
of application such as grotmding and circuit-breaker 
duty, and points out the not genCTaUy appreciated 
existence of certain abnormal values in typical systems. 

In terms of symmetrical components any symmetrical 
system is defined and described fully by the generator 
voltages and the positive-, negative-, and zero-sequence 
impedances. Thus, Fig. 1 shows ^e equivalent dia¬ 
grams of a system for three-phase, line-to-line, single¬ 
line-to-ground, and dpuble-line-to-ground short circuits. 
Since the system is symmetrical, identical values of 
voltage and current are obtained for any one t 3 pe of 
short circuit regardless of which particular phases are 
faulted; details of the analytical work are simplified for 
any one type of short circuit, however, if the reference 
phase (phase a) is the one which is open when the other 
two phases are faulted, and vice versa. Fig. 2 shows 
the sequence network connections from which the com¬ 
ponents of current and voltage of phase o are computed; 
and from these latter, in turn, the componmts for 
phases 6 and c are obtained readily. Because of the 
large number of possible variables it is desirable before 
drawing up curves illustrating the ranges of voltages 
and currents to make certain common assumptions and 
simplifications. For instance, it is assumed that the 
system is short-drcuited from no-load and internal 
generator voltages equal and in phase; that the system 
is without shunt capacitance; and that short-circuit 
currents are limited only by (inductive) reactance 
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except in the ground-current path, where resistance 
also is considffl^d. For the sake of generality the 
sequence impedances are expressed as ratios to the 
positivorsequence reactance, the latter being that which 
determines the three-phase short-circuit current; cur¬ 
rents are expressed as ratios to the three-phase short- 
circuit current, a convenient reference quantity; 
voltages, both line-to-ground and line-to-line, are 
expressed as ratios to their respective normal values. 
Thus for a given system the curves may be used by 
computing the ratios of sequence impedances. 

TABLE I—LIST OF SYMBOLS 
(See Illustrations) 


a,b,c » the three phases of a three-phase system in which normal 
phase seauence is a, c. 

Eat JEbt Ee » line-to-ground voltages at point of fault. 

Eabt -Etc* JSea * llne-to-llne voltages at point Of fault. 

Bq » generated posttlve-sequence voltage of phase a, at the 
source: when severid machines are involved* this 
becomes an equivalent generated voltage. (Studies of 
Transmission SlabilUut by B. D. Evans and O. F. Wag¬ 
ner, A, I, E. B. Tbans., 1926, Vol, XliT. pp. 73 and 79.) 

El — positive-sequence voltage at point of fault. 

I at fht le ^ line currents at point of fault. 

Ig ** ground current at point of fault. (»» 3 lo) 

/q zero-sequence current at point of fault. 

R ^ fault resistance. 

Rg « fault resistance affecting directly the flow of ground cur¬ 
rent of a double-line-to-ground fault. 

Bl fault resistance in each of the faulted phases of a double¬ 
line-to-ground fault. 

Rg ^ zero-sequence resistance (per phase). 

Ri « positive-sequence resistance (per phase). 

Rg negative-sequence resistance (per phase). 

Xo » zero-sequence reactance (per phase). 

Xi positive-sequence reactance (per phase). 

Xg «- negative-sequence reactance (per phase). 

Zo « zero-sequence impedance (per phase). 

Zi ■■ positive-sequence impedance (ppr phase). 

Zg » negative-sequence impedance (per phase). 

Note: AU currents, voltages, and impedances listed above are scalar 
quantities; cm inverted circumflex (£^) above any symbol indicates the 
vector form, which may be expressed in terms of complex numbers. 

The tities and legends make the curves practically 
self-explanatory. (A list of symbols is ^ven in Table 
I.) Voltages and currents at the fault location are 
shown in Figs. 3 to 7 inclusive. In Fig. 3 all reastances 
are taken equal to zero, voltages and currents being 
plotted as functions of the sequmce reactances. Since 
in a resistance-grounded system the zero-sequence 
resistance is an important factor in Figs. 5 and 6 this 
is taken as a vwiable. In these two illustrations only 
the curves for the case of positive- and negative- 
sequence reactances being eqi^ (Xi = X 2 ) are given 
here. Positive- and negative-sequence reactmces are 
equal for symmetrical static networks, but rotating 
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machines in a system may cause these reactances to 
differ. Table II summarizes the ranges of voltages and 
currents shown in these figures. 

TABLE II—RANGE OF FAULT CURRENTS AND VOLTAGES 
Typo of Giurent ratio* Yoltaffe ratio 


fault 

Line 

Ground 

L-Gt L-Lt 

L-L .... 

_0.69—1.15.. 


^ 0 A7_1 9.(\ n Kfi_1 

L-C.... 

2L.G... 

_0.00—2.00.. 

_0.69—2.02... 

* Ri 

Based on 

..0.00—2.00.. 

..0.00—3.00,. 

- xT-® 

. .0.S8—1.»7... .0.67—1.20 
. .0.00—1.80**.. .0.00—1.04** 

o<~<» 


«u«l 

*“0.6 to 1,6 



♦Reference Is th tbree-pliase short-circuit current. 

tReference is the normal Une-to-neutral voltage. 

^Reference Is the normal Une-to-Une voltage. 

♦♦These voltages are identical; only the llne-to-ground voltage curves 
have been pi tted. 

One of the most important facts brought out by these 
curves is that the line-to-ground voltage may rise to 
a value of 190 per cent of normal (somewhat greater 
than the normal lin6-to-line voltage), a fact not generally 
appreciated. It is interesting to note that the ratios of 
line and ground current to the three-phase short-circuit 
current may be as great as 1.5 and 8.0, respectively; 
also, that the ground current of a double-line-to-ground 
fault may be much greater than the maYimnm •mlue of 
a single-line-to-ground fault. Some of these values 
are sffll greater for cases (not shown here) where the 
riegative-sequence reactance is not equal to the posi¬ 
tive-sequence reactance. 


sequence remtanee (i?o), however, such is not the case; 
maximum values of currents and voltages are obtained 
mostly with intermediate values of iSo. Also it may be 
noted that the adding of zero-sequence resistance to a 
system having no resistance increases the line current 
on a double-line-to-ground fault; consequent increase 
of this resistance reduces line currents as well as ground 
currents, but increases line-to-ground voltages. 

System Perfoemance 

Prom the foregoing it is evident that two systems of 
the same voltage having identical values of three-phase 
short-circuit current for particular fault locations may 
have radically different voltages and cmrents for 
uvbakmced faifits. line currents are important because 
of the mechanical stresses which they set up in rotating 
machines, transformers, reactors, circuit breakers, and 
bus structures. High voltages are important because 
of the stress produced by them on apparatus or line 
insulation, as well as on lightning arresters. In circuit- 
breaker and relay applications combinations of voltage 
and current are important. Certain applications 
require consideration not only of the symmetrical 
effective values of voltages and currents as given but 
of as 3 Tnmetrical components, machine harmonics, and 
high-frequency oscillations resulting from stored energy 
changes. Some aspects of certain general system 
problems will be discussed briefly: 

The general classification of systems with respect to 
grounding is (1) ungrounded, (2) grounded through 


It is pertinent to say (as the curves show in part), 
that generally the maximum values of fault currents 
are obtained with low values of zero- and negative- 
sequence rmiarices) and correspondingly, that the 
maximum values of voltages occur with high values 
of zero- and negative-requence reactances; for zero- 





Fig. 2. Equivalentnetworit»jforf ur types of feulb 

n three-phase power systems 
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impedance (resistor or reactor), and (3) free neutral. 

(For the purpose of this classification, a system grounded through neutral 
reactance resonating with line capacitance may be viewed as a free^neutral 
system, since the object of the reactance is to nullify line capacitance; in 
this paper the phenomena of arcing grounds is not treated, and in general 
the grounding impedances are assumed to be so low that arcing groimds 
are avoided.) 

It is a fact, however, that actually the zero-sequence 
Impedance of a direct-grounded system may be higher 
than that of a system of similar capacity and extent 
which is grounded through a neutral impedance of low 
value. Obviously, the classification given is unsatis¬ 
factory since it takes into account only the impe¬ 
dance between ground and neutral points of certain 
pieces of apparatus, instead of the total effective zero- 
sequence impedance which includes line and apparatus 
impedance as well as that of grounding resistors and 
reactors. 

A much more accurate classification of S 3 ^tems with 
respect to grounding is suggested by Figs. 3 to 6. The 
curves as given cover the full range of system grounding 
from a direct-grounded system to a free-neutral sys¬ 
tem, and suggest that the ratio of zero-sequence impedance 
to positive-sequence reactance he used as a criterion or 



RATIO Xq/Xj 



Fig. 3. (Above) fault currentsvs.systemreactances 
and (below) fault v Itages vs. system reactanc s 
for singl - and double-line-to-gr und faults 


Omrents (above) are esqpressed as a ratio to the three-phase 
short-circuit current. Voltages (below) are Une-to-groimci 
values and are expressed as ratios to the normal line-to-neutral 
voltages. i?i ■» i?a “ 0 in all cases 



Fig. 4. Fault current and voltages vs. system 
reactance for line-to-line fault 


Current is expressed as a ratio to the three-phase short-dr- 
circuit curreut; voltages are expressed as ratios to their respec¬ 
tive normal values 


measure of the “degree of grounding,” low values of this 
ratio corresponding to a solidly-grounded system and 
high values to a free-neutral system. Hence, the 
criterion is not one by which to determine whether there 
is an impedance between one or more neutral points 
and ground but, more accurately, whether the ratio 
of zero-sequence reactance or resistance to positive- 
sequence reactance is high or low. For convenience 
this ratio is called the “zero sequence impedance ratio.” 

Various methods of grounding a system have rather 
complicated effects on stability limits. Decrease in 
positive-sequence voltage may cause an underexcited 
and overloaded synchronous machine to pull out of 
step without causing the system as a whole to lose 
synchronism. At various times it has been suggested 
that the positive-sequence voltage at the fault location 
is a measure of the stability of a system under fault 
conditions. Accordingly, Fig. 7 has been plotted to 
show the range of this voltage for single- and double- 
line-to-ground faults respectively. Voltage is plotted 
as a ratio to the normal line-to-neutral voltage, and 
impedances are expressed as ratios to the positive- 
sequence reactance. 

Circuit-Bkeaker Operation 

The effective current flowing through a pole of the 
breaker before it opens, and the effective voltage 
occurring across that pole after opening are used often as 
a measure of the duty imposed in opening a short cir¬ 
cuit. It should be clearly realized that this measure 
does not take all factors into account. Dr. Joseph 
Slepian has pointed out that the most significant factor 
is the rate of restoration of voltage at the instant at 
which the current passes through zero. 

The phenomenon of arc extinction has been likened 
to a race between the build-up of voltage, and the deion¬ 
ization of particles in what was the arc stream before 
the arc was extinguished. Recovery voltages are 
affected by the presence of assnnmetrical currents, 
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Line current for single* Ground current for double- 

Une-to-ground fault Une-to-ground fault 


Line current for double¬ 
line-to-ground fault 


Fig. 5. Fault currents v$. system impedances for different types of faults 

Oiirves Ju eacli group are for various values of the ratio Xg/Xt. All currents are expressed as a ratio to the three-phaso short-circuit current 



Fig. 6. Fault voltages vs. system impedances for different types of faults 

Curves In each group are for various values of the ratio X,/Xu AH voltages are expressed as ratios to their respective normal valu(3S 
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machine harmonics, and high-frequency oscillations, 
but any of these may either increase or decrease the 
rate of restoration of voltage; hence, it probably is true 
in comparing two similar systems of the same voltage 
and equal three-phase short-circuit current that the 
system with the highest effective recovery voltage for 
fault conditions will have the highest rate of change of 
voltage at the critical point of the wave. Regardless 
of whether the product of the effective current before 
the pole opening and the effective voltage after the pole 
opening may be taken as a measure of breaker duty, 
tMs product appears to be suitable as a measure of tl^ 
influence of the sequence impedances on circuit breaker 
duty. 

For the various steps possible in the clearing of 
the different types of faults the aforementioned prod¬ 
uct has been computed and plotted in Fig. 8. This 
product is obtained from the curves of Fig. 3. For 
example, with a three-phase grounded short circuit, the 
opening of the first pole changes the fault from a three- 
phase to a double-line-to-ground fault and the product 
is of the three-phase short-circuit current and the volt¬ 
age of the double-line-to-ground fault. The ordinate 
of Fig. 8 is the ratio of the product of voltage and cur¬ 
rent for a particular pole to the corresponding product 
of the three-phase short-circuit current and the normal 



Fig. 8. Circuit-breaker kva. vs. sequence reactances 
for Xi = X 2 

Each curve shows the kva. for a pole the opening of which is 
one particular step in clearing a fault; curve labeling indicates 
number of poles closed both before and after this opening, and 
whether fault is grounded or free from ground (G or J?*). Ordi¬ 
nates are ratids of the product of the symmetrical r. m. s. 
current through a pole before opening and the voltage after 
opening, to the product of Jhe three-phase short-circuit current 
and the normal Jine-to-neutral voltage. All resistances are 
taken equafto zero 


line-to-neutral voltage; the abscissa is the ratio of zero- 
sequence to positive-sequence reactance. For the sake 
of simplicity all resistances have been assumed as zero 
and curves are shown only for the case of positive- and 
negative-sequence reactances being equal. 

The curves of Fig. 8 indicate that under some con¬ 
ditions any tendency for one pole to open before the 
others becomes augmented as a result of the increased 
duty imposed on the last poles to open (regardless of 
the fact that the breaker may be in proper adjustment). 
This may be compared to a state of unstableequilibrium. 
The following points are salient: (1) when zero-, positive-, 
and negative-sequence reactances are equal the circuit 
breaker kva. per pole is independent of the t 3 rpe of 
fault or the sequence of opening; (2) for any other ratio 
of zero-sequence to positive-sequence reactance the 
maximum kva. per pole is increased for some one step 
in the sequential opening of a breaker on a three-phase 
fault. Thus there may be a wide range of values of the 
kva. per pole when clearing faults, depending upon the 
type of fault, sequence of pole opening, and the sequence 
impedance ratios. 

CoMPAEisoN OP Grounding Methods 

The previous analysis shows definitely that the fault 
voltages or currents may be taken as factors indicative 



Fig. 9. Typical curves for system grounding study. 
Fault currents and voltages vs. zero-sequence 
reactance ratio for system in which Xi = X, and all 
resistances are negligible 

Ordinates are fault currents and voltages; currents are ex¬ 
pressed as ratios to the three-phase short-circuit current; 
voltages as ratios to the normal line-to-neutral voltage. These 
curves were derived directly from Pigs. 3,4* 6,6, and 7 
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of certain ^pects of system performance, and that they 
are determined mainly by the value of the zero-sequence 
impedance ratio. Obviously a preferred value of this 
ratio depends upon the weight given to the various fac¬ 
tors and upon the particular S 3 ^tem involved. Fig. 9 
illustrates the use and value of the foregoing analysis 
as applied in a study of system gro un ding. It is im- 
portwt to note that (1) as the ratio of zero-sequence to 
positive-sequence reactance varies from 0 to 1, the 
disadvantages decrease and the advantages increase 
while, (2) as this ratio goes above 4 there is relatively 
little of either gain or loss. Hence, the preferred range 
of the zero se^pience impedance ratio appears to be from 
Itoi. 



Fig. 1. Ideal and practical characteristics 
distance-relaying systems 


for 


nearer the stability limit. If the fault falls in the 
second class, the circuit breaker would not be tripped or 
tripped only after a time delay which is great in com¬ 
parison with the time required for breaker operation. 


Fundamental Basis 
for Distance Relaying 

For singie-llne protection, with the excep¬ 
tion of pilot-wire, or superposed high- 
frequency methods, distance relays form 
the nearest approach to the theoretically 
ideal system. Except for errors due to fault 
resistance, these relays operate accurately 
according to the relative distance to faults. 
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A. 


- iN IDEAL SYSTEM of relays 1 
the protection of a sectionalized transmission line is o 
(apable of dividing into two classes ^ faults on the lin 
it^protects; in one, those faults occurring between ti 
relay and the next sectionalizing point; and in the oth( 
^ otoer feults. It should alto be capable of maku 
;^ das^eation instantaneously. If a fault falls in 
cl^, the i^uit breafer may be tripped imm 
cuatMy, tl^ reducing damage at point of fault ai 
to the system; in general, permitting operatic 
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Exclusive of pilot wire or superposed high-frequency 
methods, the closest approacdi to this ideal for single 
line protection is attained by the use of distance relays. 
For parcel-line protection a somewhat closer approach 
to the ideal h^ been obtained by balanced-current 
relays; but additional protection is required for single- 
line operation and to care for the possibility of simul¬ 
taneous faults on both lines, for this distance relays are 
well suited. Hence, if the distance relays can be made 
sufficiently acetate and rapid, the use of the balanced- 
current relays is non-essential. 


Since distance relays cannot indicate with 100 per 
cent accmacy the distance to the fault, an additional 
mtermediate dass of faults must be introduced (see 
Fig. 1) ^mprising those which occur near the end of 
the ^tion on both sides of the sectionalizing point. 
If a fault falls into the intermediate dass, there is intro¬ 
duced a time delay suffident to allow a breaker at the 
n^ sectionalizing point to trip in response to its relays 
which operate instantaneously; if the fault is just 
beyond the next sectionalizing point, it will fall into 
the first class of faults for the relays located at that 
pomt, and the fault will be cleared by the opening of 
the breaker at that point, allowing the first relay to 
reset; if the fault is just within the section, the relay 
at the onginal station ’mil operate at the expiration of 
the time delay. Thus, the final classification of faults 
falling m the intermediate dass is made with the assis- 


In order to strike the boundaries of the intermediate 
dass. It IS convenient to call the points at which faults 
^ust oc^ balance points," since the relays must just 
bailee between one type of operation and another for 
faults at these points. 

Distance relays may be of either the impedance or 
reactance type, operating on the indicated impedance 
the OTcuit from the relay to the fault, 
obtained by comparing the voU^e and current at the 
relay location. Theto indicated uhpe<inces and reac- 
^oes are ^preidmately. proportionai to the distance 

frem toe rdSy to the«, 
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Fis. 2. Improved distence-reley connections for 
line-feult protection using delta*connected relays 
and xero^quence filter 


however, causing the locations of the balance points to 
shift accordingly. The greats the variation in balance 
point location, the larger the intermediate class must be 
made, and the greater are the departures from the ideal 
protection. If the variations in balance-point location 
are too great, this type of protection cannot be applied. 
It is, therefore, important to determine the causes of this 
shift in balance point and to develop methods of reduc¬ 
ing or eliminating it. 

For protection against line faults involving two or 
more line conductors, conventional relay connections 
make use of the line-to-line voltage and the line current 
which lags the voltage by 30 deg. at unity powCT factor. 
Analysis shows that both the indicated impedance and 
reactance are subject to variations for a fault in a given 
location dependent upon tiie farilt resistance, current 
feeding the fault from the opposite end of the section, 
current in the remaining conductor, and current in the 
earth or other grounded paths. Variations in the bal¬ 
ance points are, therefore, due to the same causes. 
Further analysis reveals that if "delta currents” ob- 
tmned either by coimecting the current transformers in 
delta or the current windings of the relay in delta with a 
suitable zero-sequence filter are used for relaying, (see 
Fig. 2) the Wo latter causes of variation are eliminated. 

For protection against faults involving ground, con- 
vention^d relay connections make use of line-to-ground 
voltage and l^e current. An analysis of this type of 
fault shows that tiie indicated impedance and reactance 
are subjmt to variations due to the fault resistance, the 
current feeding the fault from the opposite end of the 
section, the current in l^e other conductors, the mutual 
impedance between two parallel lines, and the difference 
between the impedance to bahmced three-phase cur¬ 
rents, or poritive-sequence impedance and the impe¬ 
dance to balanced ground current or zmro-sequence 
impedance. FurtlW an^ysis shows that all of these 
effects accept .the 4rst two may be substantially com- 
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Fig. 4. Improved.distance-relay connections (or 
single-line-to-ground (auht using voltage 
compensation 


pensated, so that variations are produced only by fault 
retistance and the fault current feeding the fault from 
the opporite end of the section. This compensation 
may involve modifying tither the current or the voltage 
in proper proportions. (See Figs. 3 and 4) 

Thus, by the use of suitable methods, either the im- 
pedahce or reactance type of distance relay for ritiier 
Ime or ground faults may be made to measure accuratdy 
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the distance to the fault except for the effects of fault 
resistance, the current from the opposite end of the 
section affecting the relays only when fault resistance is 
present. The effect of feult resistance may be repre¬ 
sented by adding vectorially to the proper line impe¬ 
dance a redstance equal to the fault resistance, and a 
second term equal to the fault resistance multiplied by 
the vector ratio of two currents, these latter being 
functions of the currents feeding the fault from the two 
ends of the section, or thdr symmetrical components. 
Since the line impedance is gen^tilly principally reac¬ 
tive, the two resistance terms will add approximately at 
right angles, thus causing only moderate increases in the 
magnitude of the sum, rmless the resistance terms are 
very large. The impedance relay operates on the mag¬ 
nitude of the sum of the three terms. This uuneases 
slightly with increasing fault reristance, and causes the 
balance points to shift toward the relay. On the other 
hand the reactance relay operates on the reactive com¬ 
ponent of this vector sum, and is therefore unaffected by 
the first fault-resistance tOTn. If the two currents 
involved in the ratio are not in phase, the second fault- 
resistance term will have an apparent reactance which 
may be positive or negative depending upon which 
cumnt is leading, so that the balance point may be 
shifted in either direction. Although generally the 
shift will be smaller than that produced by the aamo 
resistant uang an impedance relay, the fact that it 
may be in either direction must be t^en into account. 
Where fault resistances are moderate, as on most line 
faults if cleared rapidly, the total variation in balance 
point will often be quite comparable for the two types 
of relays. On ground faults the fault resistances are 
generally higher, so that some form of relay which is 
su^tantially independent of resistance is generally re¬ 
quired, and accuracy thus reduced. 

It should be pointed out that the deagn of the relay, 
its simplicity, reliability, and speed of operation, as well 
as possible accuracy, must be considered in chooring 
the type .of distance relay to be used for a given pro¬ 
tection. 

From this analysis the following conclusions may be 
drawn: 


Sliallenberger Personal 
Memoranda Discovered 
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MEMORANDUM of Oliver B. Shallen- 
berger, personally handwritten, and recently come to 
light, gives an interesting glimpse of the electrical busi¬ 
ness forty years ago. The man who left this penciled 
notation was one of the. pioneer electrical engineers of 
the then infant Westinghouse company and was active 
in many major projects that did much to shape the 
course of the indusby. 

A young man when he first entered the electrical 
industry from the Navy after a course at Annapolis 
where he specialized in phytics and electricity, he was 
still a young man when he died at the age of thirty-eight 
after fourteen years of creative effort. 

His invention of the meter was in 1888 under very 
rau^l circumstances and at a time when at least one 
justifiable criticism of alternating current was that there 
was no meter for measuring it and no motor to be used 
with it. In assembling a new form of are lamp for test, 
a small spring dropped down between an actuating coil 
and an iron core; Shallenberger, standing near, noticed 
that the spring began to turn slowly and he restrained 
the attendant from picking it up with, “Let’s see what 
makes the spring revolve.” He saw and exclaimed, 
“There’s a meter in that—and perhaps a motor!” 

ShaJlenberg®* was at that time 28 years old. In 
1889 he was sent abroad by his company to study 
European central stations. In 1891 he resigned because 
of iU health and spent several winters in Colorado, a 
victim of tuberculosis. 

While in the West he conceived the idea of transmit¬ 
ting power from Canon City to the famous mining camp 
at Cripple^ Creek. In 1890 he had helped to promote 
the Telluride project of carrying power three miles—a 
revelation at that time; in 1897 he formed the Colorado 
Power Company of which he was president until his 
death. 

of the time after his resignation was spent work¬ 
ing in his own laboratory in Rochester, Pennsylvania 
and it was there that he studied the Cripple Creek 
tonsmission and made the notations that have been 
discovered. 

^ one side of the memorandum are listed ma<.liin off 
and eqmpment vrith pri^, weights, and freight costs 
which form an interesting comparison with modem 
app^tus. Th^ 470-kw. dynamos are priced at 
$9,000 each and weighed 37 tons. Present-day ma¬ 
chines of corresponding rating would cost about $6 600 
^d weigh 17.5 tons. A lightning anester of the type 
he pnced at $178 would cost now only about $76. 

On the reverse side of the same memorandum are 
notions ^rtaining to rates and data on an expected 
electee lighting load, “current 28c. kw-hr., arc lamp 
at $15 a month,” etc.— Contributed. 
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Power Supply for 
Telephone Service 

Automatic regulatins and control equip¬ 
ment is finding increasing use in telephone 
power plants, giving more exact per¬ 
formance, increased reliability and reduced 
maintenance. Certain regulating equip¬ 
ment and a few of the unit-type automatic 
power plante recently developed are 
described. 
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Continuity and reliability of service 
have been keynotes guiding development of tele¬ 
phone power plants for many years. Duplicate equip¬ 
ment, reserve storage batteries, and emergency sources 
of power supply are regularly provided as required. A 
review of data available in some metropolitan districts 
indicates that a high percentage of continuous perform¬ 
ance has been obtained during the past twenty years, 
exceeding 99.999 per cent of full time. 

Provision for quick change from regular to reserve 
units is required, of course, while voltage regulation of 
the d-c. supply and frequency regulation of rijgnaling 
machines are necessary for proper performance of the 
telephone equipment. These requirements point to 
the use of automatic regulating equipment and auto¬ 
matic power-plant operating arrangements to as large 
an extent as practicable, particularly rince continuous 
service most be mmntained both day and night. 

Installations of automatically-contiolled power equip¬ 
ment in small telephone offices at several towns in 
Pennsylvania were made during 1917 to make continu¬ 
ous attendance by plant employees unnecessary, par¬ 
ticularly over week-ends. Signaling hydrometers in 
the two main storage batteries controlled an auto¬ 
matically started mercury arc rectifier to recharge the 
batteries as necessary. Alarms were provided to indi¬ 
cate any failure of equipment or abnormal d is c h a r ge. 

Modem automatic, power plants in small offices fol¬ 
low somewhat similar lines except that rectifi^ of the 

From *'Automatic Power Plant? for Telephone Offlcee,** (No. 31-65) 
presented at the A. I. E. E. Middle Eastern District meeting. Plttsburght 
Pa.,March 1^31. * 


hot-cathode tube type or the dry copper-oxide disk 
type are employed, and control ofehar^ng is by means of 
an improved type of ampere-hour meter. Control of 
output voltage is frequently by relays which introduce 
counter cells. For larger offices is employed motor- 
generator equipment controUed by an ampere-hour 
meter, or where continuous floating at a fixed voltage is 
used, by various other means to bring in additional 
generators when the load requires them, most of the 
latter being still upon a trial installation basis. 

The considerable variations in load current which 
must be famished by the power plant are illustrated in 
Fig. 1, which pictur^ the daily load cycles in offices of 
several classes. Although the power required to carry 
a voice current over a telephone line is surprizingly 
small, it is hot realized sometimes that the equipment 
necessary to accomplish this and to operate mechanical 
switching devices, signaling lamps, and other equipment 
in large offices with much traffic is consid^ble. 

In Group D, (Fig. 1) for example, two-thirds of a 
million calls were handled during the day by three 
metropolitan office units operated from one power 
plant. Group E with a peak of 5,300 amperes at 24 
volts represents the load of long distance switchboards 
and repeaters distributed over ten fioors, this load bmg 
supplied by motor-gen^tor sets having combined ca- 
padty of 10,200 amperes while the storage batt«y has 
a rating of 84,880 ampere-hours and weighs 111 tons. 
Some 500 hp. is requir^ to drive these generators, while 
an addition^ 300 hp. is provided for 130-volt telegraph 
and repeater plate generators not shown on this group. 

An additional 215 hp. is provided for a vacuum-tube 
system to handle message slips. Part of the installed 
horsepower is on reserve equipment. Two other tele- , 
phone power plants are in the same building. It might 
be mentioned that primary power is purchased from 
the public service companies and nearly all of it is then 
converted into other forms suitable for telephone use. 

A brirf statement of the means employed for regu¬ 
lating the voltage of the main d-c. power supply may 
be of interest, since this has assumed considerable im¬ 
portance from the standpoint of proper circuit opera¬ 
tion, especially in dial offices where the automatic¬ 
switching equipment requires regulated power, and in 
repeater offices whae the vacuum-tube amplifiers must 
have regulation to insure uniform transmisrion gain and 
long life of tubes. 

Many years ago a single-battery group was employed, 
and when the output voltage was regulated, counter- 
e. m. f. cells were cut in during battery charging ^d at 
other times when necessary. With the adoption of 
duplicate batteries and the continuous floating system 
irnder which all the current is supplied to the load from 
the generators while batteries are held in standby 
s^vice, an improvement in voltage regulation was ob¬ 
tained, the normal daily variation of a 24-volt battery 
being reduced from about seven volts to two -volts. To 
reduce the two-volt range ot)tainable with hand ad¬ 
justment of the generator, an. automatic voltage regu- 
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lator having several novel features was developed. 
One of these regulators with case open is shown in 
Fig. 2. 

Conunercial regulators available were not found 
satisfactory in this service since considerable “bunting” 
resulted from the slow response of voltage in a floated 
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TYPICAL tOAO-THfKNMH TCtCPHONi; RCPCATER PLANT 



FI5.1. Typical daily load variationa in butincn, 
|on« ditlanca^ and residence telephone offices; 
niomins snd afternoon business peaks may be noted 
II es ^ evening residential peak and the 
pm*np in long dManee business as stimulated by 
redu^ evening rates 


storage battery to changes of current flowing into it. 
This regulator includes a solenoid-operated voltage 
element contacting at intervals with a cam disk driven 
by a synchronous clock motor. The contacts are made 
for short periods at intervals of ten seconds, the duration 
of contact varying with the amount that the main- 
battery voltage is deviating from normal. A reversible 
motor drives a rheostat which varies the field excitation 
of the charging generator. This regulator is usually 
adjusted to maintiun the voltage on the service bus-bars 
within about ± 0.16 volt. Simpler types of regulators 
are used on smaller installations. 

Typical Unit-Type Automatic Power PIiAnts 

In the development of these plants the smaller and 
less complicated plants were naturally attempted first; 
those for small private branch exchanges of the dial 
t 3 rpe, which were required in consid^able number, 
received early attention. The dial exchange has no 
operators and everything must be done mechanically 
or, more propwly, electrically, obviously requiring a 
more complex power plant than that of the manual 
P• 0** ®ven of the small manual central office. In 

addition to a source of direct current which will con¬ 
tinue re^ble during short periods of power failure and 
which will be regulated as to voltage, it is necessary to 
provide alternating current for ringing telephone bells; 
also a variety of tones and signals for information and 
st^)«wisory purposes. A plant which is typical of 
several typ^ developed for this general class of work is 
shown in Rg. 3. The plant is assembled as a rmit with 
batteries in the loww cabinet and control equipment 
including fuses, meters, switches, relays, ringing ma- 
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Cam-type automatic voltage regulator (or 
Urge machine* and batteri^ 
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Fig. 3. Automatic power plant for dial private 
branch exchange; capacity 44-50 volts, 2.5-5 
amperes 

chine, and automatic voltage control in an upper 
cabinet; the charging rectifiers are mounted above. 
In small plants the single rectifier is mounted within 
the cabinet. Storage batteries are of a type assembled 
in groups of three cells in a glass case and are equipped 
with indicators to show the approximate condition of 
charge. 

Counter e. m. f. cells used for voltage control in the 
smaU plants having but a single battery are of a new 
type using nickel electrodes and alkaline solution. 
Nather plates nor solution are affected chemically 
during operation, so that the maintenance consists 
largely in adding water to replace electrolysis loss. 
The small panel-mounted ringing machine'is of the 
inverted rotary-converta* type with motor dement 
operating upon the battery and the a-c. output fed to a 
step-up transformer arranged to ^ve the proper operat¬ 
ing voltages at about twenty cydes. This machine 
has automatic control, starting when a receiver is lifted 
from the switch hook and stopping aft^ completion of 
the <^. It is equipped with jack-and-plug connec¬ 
tions for ready replacement by a spare machine when 
maintenance is required. 

In this plant the charging equipment is arranged for 
continuous operation at an output which will carry a 
large percentage of the busy-hour load and will return 
to the battery dxiring the light-load periods whatever 
diiteharge has been taken plus additional current to 
o^t battery loss. A sensitive voltmeter-type relay 
actuating a solenoid-t 3 rpe switch automatically cuts in 
or out the counter cells to keep the tmninal voltage 
within a proper range. One or two thre&rampae 
rectifiers of the hot-ca^hode t 3 rpe are provided as 
required. 

1931 



Fig. 4. (Left) Typical small plant for supplying 
vacuum-tube plate circuib; 125-135 volts, 50-200 
milliamperes. (Right) Small plant for ringing and 
transmitter supply; 75-100 volts, 20 cycles and 8.5 
volb direct current, 20 or 40 ampere-hours 

Several plants have been designed to supply energy 
economically to plates and filaments of repeater tubes, 
and to other equipment when such energy is not avail¬ 
able from regular central office power plants. In order 
to match more nearly the appearance of the repeater 
equipment with which these are usually assodated, the 
equipment is mounted on floor-supported vertical 
channels, which carry shelves and panels. Enclosing 
covers are being developed for use in locations where 
appearance will justify the added expense or whare 
additional protection is detirable. 

Several small 130-volt plants having a range in ca¬ 
pacity from 50 to 80 or from 60 to 200 milliamperes, 
and larger plants, with a capadty range from 5 to 20 
amperes, are induded in this series, of which a typical 
one is shown in Fig. 4. The smaller equipments use 
copper-oxide rectifiers and reserve batteries of block- * 
t 3 T)e dry cells automaticaly connected into drcuit upon 
faUure of the regular power service. An unusual ar¬ 
rangement is employed, the dry cells being connected 
across the rectifier in series with a copper-oxide disk 
assembly acting as a valve which permits a very smaU 
current to trickle into the cells under normal conditions 
and interposes but little resistance when the cdls pick 
up the load, automaticaUy sending the current in the 
reverse direction during power failure. 

The larger sized plants use smaU storage cells as 
reserve and also use rectifiers of the hot-cathode tjrpe. 
A 24-volt, 8-ampere plant for filament supply is like- 
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wise available, and similar plants of oth^ ratings are in 
process. 

Where current demands are heavier, the amount ol 
energy involved and the sizes of batteries warrant the 
use of ampere-hour meters to start and stop the recti¬ 
fiers automatically upon a schedule which insures that 
most of the day’s load is carried directly by the chain¬ 
ing eqmpment and that the reserve battery is usually 
m ain tained with from 80 to 90 per cent of its capacity 
available for emergency use. In addition to control 
contacts and adjustable overcharge shunt, the ampere- 
hour meter is provided with a thermocouple to 
light-load accuracy, this having been found necessary 
because during a considerable part of the 24-hour cycle 
at night the load upon the office is very small. Sev^ial 
sizes of plants of from 6- to 100-ampere capsunty at 24, 
84 or 48 volts, have been made available. 

Four plants have been developed in small smd com¬ 
pact shape to furnish economical smd automatic ringing 
and signaling service to outlying offices, partic ular ly of 
the “magneto” type in districts where subscribers’ 
telephones have their own local batteries. One of these 
is shown in Fig. 4. 

Ringing current is obtained from a motor-driven 
magneto generator except during failures of outside 
power when a vibrating-tjrpe ringing interrupter 
opm^ted from dry cells is automatically brought into 
use. A small storage battery equipped with a copper- 
onde rectifier in operation continuously furnishes 
direct current for the transmitters of the central office 
opwators, this unit being shown upon the lowest shelf. 

Larger ringing plants employing two motor-driven 
generators equipped with a system of interrupters to 
furnish machine ringing, supervisory tones, and gi gnak^ 
as well as positive and negative direct current for 
operating coin boxes, have also been developed as com¬ 
pletely engineered and coded equipment. The regular 
set operates from outside power while the emergency 
set runs on the central office storage battery. Such 
equipment for a smaller office is shown in Fig. 5. 

Automatic-control equipment is so arranged that the 
emergency set will Start upon failure of ringing current 
from the regular set and all office ringing and signaling 
circuite will be automatically transferred to the reserve 
madhine by means of 12-pole, electrically-operated 
^switches. The frequency and voltage are automati¬ 
cally controUed and provision is made for return to 
normal condition as soon as the emergency has passed. 
Some of the several types of signals provided by 
nmchines utilize interrupted battery current, mnlring 
slight sp^ks, BO that these interrupters are equipped 
with f^o-frequency choke coils to prevent interfer- 
OTce with n^by receiving sets. Later tone alternators 
of a novel mductor type which cause no interf^nce 
are also av^able, together with low-speed interrupts 
“ which the current contacts are made 
and broken by inercury roUing in cast-iron channels 
contammg an atmosphere of nitrogen. 

Some unusual unit-type coded plants with automatic 
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or semi-automatic features have been developed for 
special uses; only one of these, however, will be men¬ 
tioned h^, namely, the automatic ground-potential 
cornpensator for telegraph circuits in telephone offices. 
This plant, including a regular and a reserve motor- 
generator set, is arranged to provide a buck-or-boost 
voltage up to 100 volts or thereabouts in the common 
telegraph ground lead of an office having this equip¬ 
ment. It is used where unfavorable electrical and geo¬ 
logic conditions cause the local ground potential to 
fluctuate severely. The machine is controlled by a 
se^tive high-frequency relay connected over a pilot 
wire to a neutral ground several miles distant. 

Operating Experience 

Some of the automatic-control equipment menti o ned 
has given satisfactory service for several years, but the 
completely automatic plants of the pr^nt types are 
of recent development. Operation during a few years 
has-been quite satisfactory; any delays under auto¬ 
matic control in general are less than with manual 
operation, whOe attendance of course is very greatly 
reduced. Alarms are provided to secure help from an 
attended office in the event that any of the automatic 
equipment should fail to perform or unexpected emer¬ 
gencies should develop. Success with the amalTor 
plants desOTbed h^ led to installation of larger plants 
upon a trial basis and these also are performing 
satisfactorily. 



Fig. 5. Power plant for ringing and coin control/ 
105-100-85-77 V Iti, 1-8 amperes, 20 cycles and 
■h "IfO, — 110 V Its, 0.25-0.50, amperes direct 
current 
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Helical Grooves In 

Slip-Rings and Commutators 

Current-collection problems can be simpli¬ 
fied to a marked degree by helical grooves 
cut into the surfaces of commutators and 
slip-rings. Results of comparative tests 
before and after grooving are presented 
herewith. 

By 

G. M. LIHLE Westingbouse SUec. & Mfg. 

Member A. I. B. B. Pittsburgh, Pa. 


PERPORMANCE OP BRUSHES on 
slip-lings and commutators is dependent on many more 
or less obscure conditions. Some of these are fairly 
well understood and are under control so that for the 
most part it is pretty well known what current density, 
spring pressure, peripheral speed and grade of brush 
are best for a pven brush application. There are many 
purely mechanical conditions that are \mdesirable, such 
as loose commutator bars, worn bearings, poorly 
balanced armatures, rough tracks (in traction service), 
friction, vibration, and loose connections; also there 
are dirt, oil, acid fumes and many other obstacles which 
influence good brush performance. In addition to 
these disturbing factors, however, it often is found that 
the current is not divided evenly between parallel- 
coimected brushes, and this causes some of them to be 
overloaded. 

This article is an accoimt of an investigation into 
some of the causes of trouble existing ri^t at the sliding 
contact, and of the series of tests conducted on helically 
grooved slip-rings and commutators which followed. 
The results show condusivdy that (1) a more tmiform 
current distribution is obtained, (2) local spot heating 
and glowing under overload conditions are elx^ated, 
and (3) better commutation with coolm* operation and 
longer brush life is assured, where these grooves are 
employed. 

If the current density is high, a brush is likely to 
glow and throw off white-hot streamers, this glowing 
manifesting itself as a small stationary or slow-moving 
white-hot spot in the polished surface of the brush. 
Of course it cannot be seen directly, but the surrounding 
brush inatmal becomes heated to a good ^ed color )^ pf 
an inch in all directions and if the anall white-hot spot is 

Prom **The Application of tbe HeUoa Groove to SUp-BIngs and Oom- 
mntators,'* (No. 31-98) presented at the A. I. B. B. winter conyention, 
New York, Jan. 2^30, xm. 
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near the edge of the brush, the red glow of the surround¬ 
ing brush matmal can be seen readily. 

A study of this glowing confirms the correctness of 
the usual explanation of the cause which is based on the 
negative resistance-temperature coefficient of carbon. 
If a brush is overloaded and one part of the brush face 
should by chance be a littie wanner than another part, 
the current will have a tendency to crowd into this 
warmer area, raising its temperature more and more 
until a low-redstance hot spot is developed, which then 
carries substantially aU of the current. 

It has been observed that a hot spot of this kind will 
remain in one location on ^e brush face for many 
hundred revolutions of a commutator or slip-ring, dur¬ 
ing which time all sparking of the brush will be stopped. 
This tendency of a spot to take all the current and hold 
to one podtion on the brush face is promoted further by 
the local expansion of the hot carbon. This expansion 
causes the hot spot to become raised slightly above the 
polished surface and the brush rides on this “hill" 
until it is worn down. During this time most of the 
spring pressure is concentrated on the minute, raised 
area. Local temperature rise due to friction is thus 
probably a large contributing cause for bringing about 
the stationary hot-spot condition. When a brush is 
badly overloaded the hot-spot temperatures may rise 
to as high as 2,000 deg. cent., sufficient to graphitize 
the minute areas affected. 

With these obsawations in mind it appeared that if 
the curr^t passing through the hot spot could be 
blocked and some other portion of the brush face, or 
even another paralld-connected brush, could be forced 
to take the load for a portion of each revolution of the 
commutator or slip-ring, perhaps a more imiform dis¬ 
tribution of current und^ the brush face and between 
parallel-connected brushes would result, as wdl as an 
absence of local spot heating and glowing. 

Two schemes were evolved: (1) a row of side-by-side, 
strmght-aroTmd offset grooves; and (2) the helical 
groove (see Pig. 1). Both schemes were tried out and 
gave similar results with the exception that the helical 
groove was easier and cheaper to jnake and cbuld be 
cleaned more ^dily if necessary. In both schemes 
a given spot on the face of the brush can carry current 
and can be subjected to frictional heating for only a 
portion of each revolution of the slip-ring or commu¬ 
tator; during the remainder of the time some otiier< 
^t or group of spots are forced to carry the load, 
i^y air trapped under the brush face, sometimes a 
contributing factor in uneven current distribution, 
is permitted to escape as are any loose abrasive, solid 
particles of brush or ring material. 

Laboratory Tests on Slip Rings 

The first tests were made to determine the effect of 
grooving upon contact resistance. Two copp«: slip- 
rings were used, one plain and one grooved, both 
mounted on the same shaft. Each was equipped with 
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Fij. 1. The two types of grooves treated in this 
article. (Above) “straight around" offset groove; 
(below) helical groove 

one positive and one negative brush and the rings were 
so arranged that they could be operated either in series 
or in parallel. At the start, with clean sandpapered 
rings and brashes, the contact resistance on both the 
rings was extremely low, but the grooved ring brush- 
contact resistance was aWost always much lower than 
that of the plain ring. The reastance of both rings 
then slowly rose until finally after from 20 to 30 hr. the 
resistance of the grooved ring and brashes became about 
20 per cent higher than that of the plain ring and its 
brushes. 

While the difiference in the character between the 
slowly formed surface film of the grooved ring and that 
of a plain ring is probably the main reason for the dif¬ 
ference in the contact resistance (tiie 20 per cent in¬ 
crease), there is another well demonstrated cause. 
An oscillogram shows that on a plain ring a sudden, 
forced increase in current density at the contact between 
a brush and a ringcauses a large but rapidly di mi n is hing 
increase in the contact resistance (see Fig. 2). It 
would appear that with a suddenly applied current an 
appredable time is required for the temperature of the 
current-carrying contact spots to rise, during which 
time the resistance (owing to the negative temperature 
coefiScient) remains comparatively high. The helical- 
groove scheme furnishes means of conixol wheteby the 
duration of time that any given spot oh a brush &ce 
'could carry a heating current and maintain frictional 
contact was limited to 0.02 sec. or less; and from an 
inspection of the oscillogram as given in Fig. 2 it appears 
reasonable to believe that this would account for the 
increase in contact resistance noted. 

Another test (made at* the laboratory of the Stack- 
pole Carbon Co.) on five parallel-connected metal- 
graphite brashes, on a plain bronze slip-ring gave 
fi^urat exhibitions of one or two brushes taking all of 
t^ current; later-the same brushes run on a grooved 
were from this trouble. 

Fnrther tests wem made with a groov^ and a plain 
ling in se^ and with only one brush on each ring. 
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Fig. 2. Change in voltage drop on plain slip-ring 
as current was suddenly increased from one to 
seven amperes 

Kote the high voltage drop during the lirat fiftieth of a second 
after change. With the helical groove the current-carrying 
time of any given brush spot can be limited to less than 1/50 
sec. thus maintaining the desirable condition of high contact 
drop and low operating temperature 


While the set was subjected to a heavy overload it was 
observed that while the plain-ring brush sparked badly 
the grooved-ring brush operated perfectly. 

Still another test was made on plain steel rings 
operating in an atmosphere of hydrogen. Concen¬ 
tration of current and local overheating caused pitting 
of the brush face and the formation of extremely hard 
particles (apparently iron carbide) which became im¬ 
bedded in the face of the brush and rapidly scored the 
surface of the ring. Grooving this same ring did away 
with the scoring of the ring and the coarse pitting of 
the brush face. 

Laboratory Tessts on Commutators 

One of the first of these tests was made on a defec¬ 
tive 2,000-ampere 600-volt d-c. generator. This ma¬ 
chine would carry H or M load very satisfactorily, but 
on full load, trouble would develop within a few hours’ 
time, wl^e on 50 per cent overload, glowing, sparking, 
and streamers would develop at the commutator within 
ten minutes. 

A 5^-in.-pitch )^in.-wide groove was th«i cut into 
the commutator after which the machine carried full 
load indefinitely (over a week) with no glowing, and 
withstood 'the 60 per cent overload for three hours; 
also it was noted that the grooved commutator ran 
10 deg. cent, coola* than the plain commutator. Later 
this same grooved commutator was op^ted at full 
load and 8 of the 44 brushes removed; no distress was 
observed. TJus suggested that with grooving, com¬ 
mutators could be built shorter and with less expense. 

A long test (200 hr.) was then made on a 40-ampere 
.600-volt d-c. ti^tion motor, with first a plain and then 
a grooved (H-“>- )4-in. groove) coipmutator. A 
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Fig. 3. Grooved slip^rings (or a 15,000-kva. 
hydrojen-cooled synchronous condenser. The 
grooves ere 1/8 in. wide, with e 1/8-in. ridge and 
a 1 /2-In. pitch 


reduction in sparking, a seven-degree lower operating 
temperature, and a more uniform current distribution 
between parallel brushes were noted after the commu¬ 
tator had been grooved; also the commutator was in 
better condition at the end of this test than at the end 
of the test made before grooving. 

It appears from the above data that grooving a 
commutator probably does much more than simply to 
prevent the formation of hot spots; the cooler operation 
suggested that the wasteful circulating current occur¬ 
ring under a brush face during ordinary commutation, 
probably had been reduced. This can be explained 
only by assuming that the contact resistance had been 
raised. Reduction observed in the sparking at the 
trailing edge of brushes on a grooved commutator may 
be explained also by the increased contact resistance 
which served to cut down the volume of circulating 
current which the spark had to handle. 

Other Considerations 

The depth of groove appeared to have little or no 
affect upon the p«formance, although it is reasonable 
to expect that due to its increased radiating surface 
and the amount of cooling air that is dragged 
across the brush face a deep groove might promote 
cooler operation. 

Width and pitch of the groove are stQl being studied; 
it would appesu; that to secure the best results in differ¬ 
ent kinds of service, these dimensions will vary some¬ 
what. 

When grooving a commutator it is very dedrable to 
stone the surface after the groove has been cut in and 
the edges slightly rounded. Any burr left is disastrous 
to brush life and sandpapering alone is not effective. 
For subsequent polishing, a very fine sandpaper backed 
by a wooden y ocbis best? 


Commercial Applications to Slip-Rings 

The slip-ring tests described were so convih<nng that 
when the mformation was divulged to one of the public 
service companies, this company decided to cooperate 
in an experiment on the rings of one of their 13,000- 
ampeie synchronous converters. The operation proved 
so satisfactory that now another machine is being 
grooved and put into service. A second public service 
company is putting into operation a 15,000-kva. 
hydrogen-cooled synchronous condenser equipped with 
helically grooved steel slip-iings also running in hydro¬ 
gen. (See Fig. 3). 


The Calculation of 

Generator Heat Losses 


Predetermination of the tem¬ 
perature in electrical machinery involves three distinct 
problems: (1) magnitude and distribution of the losses, 
(2) fiow and cooling effect of the cooling medium in the 
machine, and. (3) heat flow from source to cooling 
medimn. 

C. Richard Soderbeig of the Westinghouse company 
in a recent A. I. E. E. pap^ (see foot-note) describes 
an unique method of calculating heat fiow and heat 
losses within large turbine-generators imder conditions 
of steady temperature. In his ingenious method the 
author utilizes “equivalent thermal circuits" for solving 
two-dim^isional problems of heat flow. 

To the third of the three problems first enumerated 
the author devotes his papar, which represents “an 
attempt at a reasonably complete solution fqr the heat 
losses in large machines with de^ slots, where the 
temperature drops tiirouidL the varidus iron paths are of 
real consequence. The analyas proceeds by progres¬ 
sive stages of daboration from a simple conception, of 
the general aspects of heat fiow to what is believed to be 
a fairly correct picture of the complicated phenomena ^ 
involved. 

“Many elaborate mathemtical deductions are given 
.... Several details of the anal 3 rsishavebefflacarried 
to a d^;ree of r^Qnement which may be considered 
impractical for ordinary typ<es of machines. An ap¬ 
proximation, however, is justified pnly when the d^ree 
of approximation is known, and this has not alwa 3 ^ 
been the case with approximate methods commonly 
used.” 

From ‘‘Heat Losses in Large Turbliie-Generators** (No«31-33) presented 
at the Jl L B. B. winter convention, New York, Jan- 26-80, X03l. (For 
publication in the A, I. B. B. Tbahsaotiows the title of this paper bas been 
revlM to read “The Steady Flow of Heat,In Large Turbine Genenktors/') 
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Synchronizing 
Salient-Pole Motors 

By means of the intesraph the differential 
quation of motion for a synchronous 
motor during pulling-into-step transienb 
is r adiiy solved. An expression thus can 
be set up to predetermine the limiting con¬ 
ditions under which such a motor will 
synchronize. 


By 

H. E. EDGERTON Massachusetts Insti- 

Associate A. L £. E. tute of Technology 


PAUL FOURMARIER Massadiuietts Insti- 

Non-Member tute ot Tedinology 


^Calculation of the puiimg-mto- 
step phenomena of a synchronous motor presents one of 
the knottiest problems in electrical engineering. After 
a motor is brought up by induction-motor action to as 
high a speed as is possible, the field is excited with direct 
current and the losulting synchronizing force tends to 
pull the motor into step. In case the moment of 
inertia is small and the shaft load relatively light, the 
motor will have no difficulty in pulling into step. 
When synchronous motors are used to drive loads 
having large torques or large moments of inertia, a 
condition is approached where the synchronizing force 
due to the d-c. field will not be of sufficient value to 
pull ^e mptor into synchronism. The principal object 
of this investigation was to establish a criterion between 
the various factors that enter into the problem of the 
limiting c^ between satisfactoiy and unsatisfactory 
operation, in order that the operation of any particular 
motor might easily be predetermined. 

. A consideration of puUing-into-step problons in 
general for salient-^le motors shows that the following 
important factors influence the phenomsca: 


of determine amount 

Of slip when ruimlng as an Induction motor. tuuumn 

synchronizing torque, which in most motors is 
practically proportional to the field current. 

8. Inertia of the rotor an<fconnected rotating masses. 

and Arid drcult m an 
dlwlacemant angle betireen (be imiiresnd voltarn and u» 

Tdltagel ndueedbyU.ed<.fleldwhenthgexcltefls^^C 

** * SaUent-fole Syndirono... Mnt...- 
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Typical intesraph angle-slip solution of the equati n 
of motion of a synchronous motor during pulling- 
iitlo-step transients 


6. Reluctance torque which is a function of the angular displacement. 

7. The degree of unbalance in the induction-motor torque, due to the 
in<M>mpleten6ss of the amortlsseur winding. 


All seven of these factors appear in the differential 
equation of torques and solutions of this equation show 
their influence. 

Until the advent of the integraph calculation of this 
differential equation was possible only by difficult, 
approximate methods such as step-by-step analyses 
and energy relations. The integraph is one of theresults 
of the efforts of V. Bush and oth«s at the Massachusetts 
Institute of Technology to find mechanical and elec¬ 
trical methods of solving the apparently unsolvable 
or tediously solvable integral and differential equations 
which so often are encountered in enginrytr ing work. 

This investigation is a continuation of a previous 
study of the conditions for the pulling-into-step of a 
wound-rotor, synchronous motor. 

The details of this investigation were published 
in tee Septembw 1930 issue of the Journal of the Insti- 
tution of Electrical Engineers (London), and by it a 
mterion for satisfactory sjmcluonization was evolved 
in terms of tee moment of inertia, synchronizing torque, 
and other factors. The continuation here considers 
tee effects of salient poles and incomplete amortisseur 
windings, the solution being obtained in a similar man¬ 
ner by means of the integraph. 

The eondimon drawn from the study is a relatively 
simple empirical expression which can be used to repre¬ 
sent tee pnlling-into-step characteristics of salient-pole 
synchronous motors, this critfflion being the following: 


s < 


590 / 

n > / (IF ZP) 


where $ « inithU slip as an iuducldon motor, 

n « synchronous speed In r. p. m. 

/ frequency in cycles per sec. 

IViJ* » (moment of inertia in Ib.-ft.)* 

Pm » maximum synchronizing power in kw. due to the field 
current. 


According to this criterion the junortisscur windings 
mu^ raiw the rotor to such a speed that the average 
initial slip is less than the indicated function of tee 
speed, frequency, moment of inertia, and synchronizing 
power, in ordo- that synchronism may result on the 
first swing for the most unfavordhle switchiftg angle. 
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One of the condusions of this study is that the 
reluctance torque does not influence the value of the 
criterion to any considerable extent. The reason for 
this is that the reluctance torque makes the initial 
slip more imfavorable than it would be if it were not 
present (as in wound-rotor machines) but a greats 
synchronizing effect is exerted by the joint action of 
the rductance and synchronizing torques. These two 
opposite influences of the reluctance torque tend to 
cancel, and therefore its net effect on the ability of the 
motor to S 3 mchronize is inappreciable. 

The degree of imbalance of the damping winding 
apparently also has a rath^ minor effect on the critical 


A Concentrator for 

Printing-Telegraph Circuits 

The termination in a telegraph office of a 
large number of "start-stop** printing tele¬ 
graph circuits, requires some means for 
concentrating the circuits to enable incom¬ 
ing and outgoing traffic to be handled 
efficiently and economically. A multiple- 
turret concentrator which permits any one 
of many circuits to be worked by any one 
of a few operators is described here. 

By 

WiLLIAM B. BLANTON The Western Union 

Non-Memtoer Telegraph Company 


INURING recent years great improve¬ 
ment has been made in printing telegraph systems which 
mploy the start-stop method of synchronism. Printers 
adapted to such S 3 ^tems are known by various names, 
some of which are start-stop printer, simplex printer, 
teletype, telephone t 3 ?pewriter, typing telegraph and 
teleprinter. 

The telegraph companies are using in increasing 
numbers prints of this type on circuits which con¬ 
ned to the central telegraph office the public-branch 
offices within a city as weU as the offices of those patrons 
who have sufficient message traffic to warrant the tele- 


From "A Printiiig Tolegroph O^centrator/' (N • 31-1) presented at the 
A. I. B. B. winter oonrentlon^ New York, Jan'. 26-80,1981. 


ratio. This is undoubtedly due to the fact that the 
rotor swings through such a large range of values of 
angle that only the average damping is of importance. 

By means of the critmion equation, calculations of 
limiting slip were made for a 160 -hp.s 3 mchronous motor, 
and according to these calculations the maximum value 
of slip at which the motor would pull into step was 
0.014S. This represented the limiting value for the 
worst switching angle. In laboratory tests at these 
most unfavorable switching angles, the value of slip 
at which the motor would actually synchronize varied 
from about 0.014 to 0.015, which is in very close agree¬ 
ment with the calculated value. 


graph compani^ incurring the expense of providing such 
a connection. 

The majority of such circuits is worked intermittently 
and therefore the continuous services of an operator are 
not required at the operating terminals of each drcuit. 
In order to handle efficiently and economically the 
traffic on a large number of these circuits which enter 
a telegraph office, there is required some means for con¬ 
centrating the circuits so that any one of a large group 
can be worked by any one of a smaller group of 
opmitors. 

Before the equipment described in this papm* was 
decided upon, three methods of concentration were 
considered; ( 1 ) automatic switching of calling lines 
to idle operators, ( 2 ) manual switching by an arrange¬ 
ment somewhat similar to a manually-operated tele¬ 
phone private-branch exchange, and (3) lines multipled 
before each oi>erator. 

A study of the economics and operating advantages 
of these three methods, and their adaptability to the 
present methods of handling telegraph traffic, led to 
the choice of the latter arrangement; in other words, a 
multipled-turret concentrator. 

A general view of a typical concentrator installation 
having 60 operating positions and a capacity of 100 
lines is given in Fig. 1. It is not intended that the line 
capacity of this tyi>e of concentrator be limited to 100 
lines; in fact instaHations already have been made of * 
200 line concentrators, and it is quite practicable to 
accommodate more than 200 lines with the use of the 
same type of equipment. The number of operating 
positions provided depends upon the traffic load and is 
determined individu^ly for each concentrator. In 
actual installations of 100 line concentrators the num¬ 
ber of operating positions has varied flrom 20 to 70. 

All of the lines to be worked in a concentrator appear 
in a turret (£) at each operating i>odtion. These 
turrets .are simply small switchboards connected in 
multiple. 

As^ated with each line is a relay arrangement 
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Fig. 1. G neral view of 
t legraph conccntrat r 
showing: 

A —Oalling-lamp cabinet 
B —Turret 

C—Idle-operator indicator 
D —Message routing rack 
2s—Message conveyer beJt 
F —Message drop 


which s^es to light the calling lamps when the outer 
office initia^ a call. This equipment must also func¬ 
tion to extinguish the calling lamps when an operator 
atiswers the call and must be restored to the condition 
where it will be in readiness to receive another call 
when the operator disconnects. Generally, in multiple- 
turret arrangements this relay device is controlled from 
the operating positions over a conductor separate from 
the line circuit, thus necessitating that an extra con¬ 
ductor for each line be multipled from turret to turret. 
Since the cost of the turrets and the cabling required 
to connect them in multiple is a lai^e item in the total 
cost of a multipled-turret concentrator, particularly 
when the latio of turrets to lines is as high as 70 or 100 
an endeavor was made to simplify the turrets and re¬ 
duce the number of conductors in the multiple. To 
this end, the concentrator is designed so that the turret 
multiple comprises only one conductor for €^h line, 
the control of the relay equipment which actuates the 
calling lamp being a^omplished over the line conductor. 

The use of the one conductor multiple permitted a 
departure from common practise in the design of the 
turret. Instead of jacks, the line conductors are 
'terminated on studs molded in batoslite panels. Fig. 2 
shows a 100-line turret equipped with two of t hose 
I^ds; over each stud will be noted the line designa¬ 
tion. The major advantages of these panels over an 
equivalent arrangement of jacks and designation strips 
are reduced cost of apparatus and installation, and 
saving of space by use of a shallower turret. 

^tostead of associating a calling lamp with each line 
fr f cabling is greatly simpli- 

ned by distnbuting calling-lamp cabinets containing 
Phe lamp for eadi line among the operating positions so 
that ^h cabmet is visible to, and used by, a number of 
operators. 


Fig. 2. Signal 
assembly and 
100-line turret 



printer app^tus at each operating position 
3) IS included in an operator's cord circuit which 
tenni^tes in a jack-plug (P), so termed because it is 
like a plug but contains springs which operate 
hire jack springs. It is by connecting the jack-plug to a 
line stud in the turret that an operator connects that 
prmter to any desired lino 

When an operator at an outer office initiates a call, 
the calling lamps associated with this line in all of the 
lamp cabinets light. To avoid the confusion of all of the 
idle operators endeavoring to answm- the call, and at 
the same time make sure that the call is answered 
promptly, the responsibility for answering is placed 
by virtue of an “answer-next"^syBtem upon the lowest- 
numbered idle operator. This system provides an 
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answer-next lamp (N) on each operatins portion. 
Only one of these lamps in the entire concentrator is 
lighted at a time, and that lamp is always located before 
the lowest-numbered idle operator. I^is lamp glows 
steadily when there are no calls and flashes the instant 
a call appears. The operator then refers to the nearest 
lamp cabinet (R) and proceeds to attach the jack-plug 
to the line stud having the same relative location in that 
turret (0) as the lighted calling lamp has in the lamp 
cabinet. Immediately after the operator has made the 
connection, the answer-next lamp is extinguished and 
the lamp in front of the next lowest-numbered idle 
operator will light. 

The printer (T) is a tape printer. During the re¬ 
ception of messages the operator gums the tape of each 
message on a telegram blank, stamps the time on the 
blank and then places it on a belt conveyer (H) which 
runs along the rear edge of the operating table. This 
conveyer feeds into a conveyer system that carries all 
received messages (including those recdved by othar 
facilities) to the main routing center of the office. 

All messages received at this main routing center 
and destined for an office the line of which terminates 
in a concentrator are dispatched by a conveyer to a 
message-routing rack cmrt^y located at one end of the 
table rows of the concentrator as shown in Fig. 1. One 
or more derks then sort these messages, according to 
thdr destination, into the proper compartment of the 
message-routing rack which has one compartment for 
each line terminating in the concentrator. Other 



Fig. 3. A concentrator operating position 

if—Belt conveyer O—Turret 

J—Timestamp P—Jat^-plng 

K—Gumming desk JR—OaUIng-lamp cabinet 

JEir—B W'Une lamp 5—Live-meesage die 

Idle-opf^tor lamp T—Printer 
JV-^Answer-nezt lamp 17—Number stamp 
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clerks called “routing aids" immediately take these 
messages out of the rack and carry them to concentrator 
operators; messages for an office the line for which is 
busy are taken to the operator then worldng that line, 
while messages for an office with line idle are taken to 
an idle operator. 

Mg. 4 shows the firont view of a message-routing 
rack provided with 100 compartments; underneath 
each compartment are located five lamps utilized by 
the routing mds in locating the operator working any 
particular line. Beforing to Mg. 1 it may be noted 
that the operating tables are divided into five distribu¬ 
tion groups. When a line is busy, one of the five lamps 
associated with this line at the message-routing rack 
is lighted, that particular lamp denoting in which dis¬ 
tribution group the operator then working that line is 
located. Thus the routing aid is guided to the proper 
group of tables, views the turret on each busy position, 
and ascertains by the location of the jack-plug which 
operator is working the line in question. 

If none of the lamps under a particular compartment 
is lighted, the associated line is idlo. When removing 
a message from such a compartment, the routing aid 
looks at an idle-op^tor indicator which is generally 
suspended from the ceiling and located just to the rear 
of the routing rack. By means of lamps this indicator 
shows the location of all the operators idle at that 
moment. As a further aid to locating the idle operators, 
each operating portion is equipped with a green light 
(M in Mg. 8) wlddi shows when the operator is idle. 

Occasionally a message may be handed to a concen¬ 
trator operator for traxismission to an office which at 
that moment is being worked from another concentrator 
podtion. Since no busy lamps are included in the 
turrets, the operator is not aware of this busy condition 
and plugs in on the line stud. The cord circuit, 
howev^, contains an arrangement which automatically 
prevents the prmter equipment from bring connected to 



Fig. 4. Front view f mettage routing rack 
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a busy line, and furthermore, this arrangement is such 
that no interference is caused to printer signals which 
may at that moment be passing over the line circuit. 
The fact that the plugging in has been done on a busy 
line is indicated to the operator by the lighting of the 
busy-line lamp (L in Fig. 3). If the operator fails to 
see this signal and attempts to send on the printer, the 
printer due to the fact that the motor is not running will 
not function. 

Several supervisory lamps are conspicuously located 
at some point about the concentrator; these lamps 
serve to warn the supervisor of conditions which re¬ 
quire immediate attention, such as calls not being an¬ 


swered promptly or an insufficient munber of operators. 

All start-stop printing telegraph circuits entering 
the larger telegraph offices are terminated in concen¬ 
trators even though some of these circuits require the 
individual attention of an operator during the greater 
part of the day. 

Be^Ui^ the lines are of various lengths and charac- 
teristrcs, it is necessary to equate them for termination 
in a concentrator. Short lines are terminated directly 
in a concentrator multiple. The longer lines are ter- 
m^ted in single-line or duplex-half repeaters or ter¬ 
minal-duplex sets, the local sides of which are connected 
to the multiples. 


Brazed Joints for 
Electric Conductors 


Electric resistance brazing produces in 
electric conductors joints which possess 
several distinct advantages over equivalent 
soldered joints, and in addition can be 
made at a lower cost. A description of 
the equipment and process is given with 
comparative results between the two types 
of joints. 


By 

SAMUEL MARTIN, JR. 


General Electric Co. 
Schenectady, N. Y. 


1 ^,.^ 

bLS^i? two elwtrical .conductor. Not only have 

resisting qualities and higher 
possess^soldered joints, but they 

»llo?. whid, f„ h mually in a . i 

at ta. 
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thin strip, is then applied to the contact surfaces, i.s 
melted, and flows through the joints, uniting the parts 
into a solid mass. 

The equipm«it required for making this type of 
jomt IS equally simple, consisting only of an air-cooled 
tra^omer with primary and secondary leads (the 
latter being coimected to the brazing tongs), a foot 
^tch, and specially designed clamping tongs for hold- 
mg the work. Special transformers were designed to 
meet the many varying factors encountered in this 
wo J. In order to heat the parts to be bmzed quickly, 
mgh current is required in the secondary circuit which 
IS subject to momentary overloads of as high as 400 

currents a small reactance 
between teansformer and tongs affects the 
power factor matenally. For any given length of lead 
a-ft. being recoi^ended), the type of carbon block, 
nd of jomt, and amount of contact between bloclra 
and joint also affect the power factor. 

« “ cross-section, 

a 5-kva. transformer has been found satisfactory* for 
conductors 300,000 to 2,000,000 cm. in^<S- 
transformer has been found a con- 

The complete equipment for making joints on con- 

Proj^ preparation of the work for brazing is of 

Meimpo^ce. Parts to be brazed shS 

’’Jocks ^11 come 
J* surface thus 

££'2,1^ be^Sn £ 

piocKs and parts being joined. In joining ronn,^ Z 
^^arly shaped pieces the carbons may be cut to 

fig. 2) will replace the tubular terminals i 

««d in 
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or busbar is more than 1 in. wide, it is slotted and the 
brazing operation performed on each individual section 
as a separate operation. 

Standard cable is usually prepared by wrapping with 
thin copper strip or inserting the end of the cable 
into a tUn copper tube; then flattening before clamping 
in the tongs. If a very flat joint is desired the thin 
copper strip should be wound around the strands rather 
loosely. In all cases the wrapping or tubing should 
attend from to 1 in. beyond the portion being 
brazed. Copp^- braid is prepared in a somewhat 
similar manner as may be noted in Pig. 2, In this case 
a copper dip about 0.02 in. thick and slightly wider 
than the braid is placed on the end of the braid, ectend- 
ing about in. beyond the contact surface. Depend¬ 
ing upon the size of the cable, insulation should be 
removed for a distance of in. to 2 in. from the joint, 
the bare cable being wrapped with damp asbestos to 
protect the insulation from overheating during tiie 
brazing process. Flat joints are made by lapping the 
pieces to be brazed about 1}4 times the thickness of the 
conductor. If it is desired to make a butt or scarf 
joint on rectangular conductors, this can be done by 
damping the two ends together, then appljdng the 
carbon blocks to the edges of the conductor and feeding 
the alloy in from the flat side. 

In soft soldaing it is very essential that the surfaces 
be clean and free from oxides or other impurities. This 
is not so essential in brazing but certain oils and var¬ 
nishes are not attacked by the brazing flux and should 
be removed. Glenerally fused borax is used for the flux, 
and it may be applied either in dry powder form from 
a small sifter or mixed with water or vaseline and applied 
to the joints in paste form. Depending upon the 
joint to be made, three different diver alloys are used 
as a brazing medium; these contain respectively 10, 
20, and 60 per cent of silver. Alloys containing the 
higher percentages of silver have a loww melting point 
(about 730 deg. cent.) and are consequently used on 



Fig. 1. Complete reeislance-brazing equipment 
with 10-lcva. transformer having 8-, 10-, and 1 S-v It 
«tapTon its secondary winding 


small parts where temperatures must be kept down to a 
minimum. The 10 cent silver alloy is satisfactoiy 
on l^er cables, tmninals, and busbars, where a higher 
brazing temperature (830 deg. cent.) is not objection¬ 
able. 

The economics of adopting brating in place of solder¬ 
ing are soimd. Many cost studies have been made on 
various sizes of cables, plates, bars, and other con¬ 
ductors, and for purposes of comparison three typical 
cases are presented in Table I. 


TABLE I—COST OOMPABISON BETWEEN BRAZED AND 
SOLDBBED JOINTS 



Prepara- 

Brazing or 

Cost of 

Cost of 



tion 

soldering Finishing 

afloy or 

labor at 

Total 

Oaae 

time 

time time 

solder 

60c./hr. 

cost 

l-B... 

.. 3.41.. 

... 3.17.1.2,... 

..0.027.. 

..0.077.. 

...0.104 


.. 3.41.. 

.. 6.17. 

,,0,025.. 

..0.086.. 

...0.110 

2-B... 

,.10.90.. 

... 7.28.4.0.... 

..0.226.,, 

.0.220.. 

...0,445 

2-S... 

..10.99.. 

...17.97. 

..0.247.,, 

..0.238.. 

...0.635 

3-B.. 

.. 5.35.., 

...16.57. 

..0.226... 

..0.209.. 

...0.434 

8-S... 

.. 6.36... 

..24.80,.. 

..0.46 ... 

..0,302.. 

..,0.762 


In the column headed "Oase/* 

B—^Brazed joint 
S—Soldered joint 

1— Terminal joined to l80*000-cm. cable 

2— Terminal jpined to 1,500,000-cm. cable 

3— Twelve 1/8-in. by )i-ln. conductors are joined to a 770,000-cm. cable 



Fig. 2. A comparison between brazed and 
soldered joints; (above) two large conductors 
joined together; (below) brazed flat plate terminal 
and soldered tubular terminal on copper braid 
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In this table the preparation time includes skinning, 
bmding, fon^g iJie cable; finishing time is t hat 
^uu^ for cleaning. These costs have been computed 
for Boldenng under the most favor^le conditions; if 
tabor were figured at 90 cents per hour the saving on 
that item would be much greater. 

^ In addition to their economic advances brazed 
joints present several other distinct advantages over 
soldered joints. When silver solder is applied to a 
c<q>p^ joint it dissolves a thin film of tiie copper surface 
which is very rich in copper; hence it is an excellent 
conductor of electricity. Since the melting point of 


tto alloy is higher than that of the silver solder a 
higher tempOTatuie is always required to open the 
joint than to form it. If the lapped joints are 
m each case to have a contact area of at least IH times 
pat of the conductor cross-section, the factor of safety 
is such that the joint will carry as much overload 
^ the conductor itself. In Pig. 2 it may be seen that 
brazed jomts besides b«ng much more accessible for 
impection are much smaller than soldered joints. 
These factors togetbp with the improved tno/»li an,>ai 
s^ngth and durability of brazed joints mark ano tho r 
distinct st^ forward in the electrical industry. 


A Vacuum-Tube 
Voltage Regulator 

A device has been developed which not 
niy provides voltage regulation for alter¬ 
nators, but short-circuit protection as well. 
Saturation current from the filament of a 
thermionic tube forms the control element, 
while stabilization is accomplished by a 
feed-back system. 


By 

L C VERMAN OomeD trnlyerslty. 

Associate A. I. B. B. Itbaca. N. T, 

L. A, RICHARDS Ooro,ell Unty er s ity , 

Kon-member Itbaca, N. y. 


- ACUDM TUBES have come ini 

' gen^ use during tiie past few years for controlling an 
r^tiM yarious types of electricsd apparatus whei 
ex^ely apurate regulation of speed, voltage, or otta 
^tors, IS required. These appKcations have been coi 
m general to small apparatus, but few attempi 
iiiade to adapt such me^ of regulation t 
of large power units. 

fi^ever, a regulator of this type wa 
by the physics department of ComeU Uni 
yeraity, and has bee n in use for about two years in tii 

** Alternator*" orfgiiuri) 


laboratory on a 25-kw., 110-volt, d-c. generator. This 
r^ulator has required no readjustments or replacement 
of parts. 

Encouraged by this performance, a aimilar voltage 
r^iulator has hep developed for use on alternators. 
Operation of this regulator involves conversion of 
a-c. line-voltage fiuctuations into corresponding d-c. 
pmtions, amplifying these and applying them to the 
fidd of an exdter which supplies the main alternator 
nddy thus controlling the lino voltugo. 

* diagram of the regulator circuit is shown 

may be noted, the amplifying i^ystem is 
of the ordinary resistance-coupled t^. All the grid 
b^ and plate voltages are suppKed by a single 
^hminator" system operated from the alternator 
bemg r^;ulated. Tube filaments are lighted directly by 
alternating current through individual transformers 
also suppBed from the generator under regulation. 

The first tube (in this case a UX-210 type) is operated 
at a low filament temperature and high plate voltage 
so as to obtain saturated plate currmit. Under these 
wn*tions the current through the coupling resistance 

IS nearly independent of the plate voltage but 
changes rapidly with the filament temperature and 
hence with the r. m. s. value of the line voltage. This 
sch^e was found to be superior to a grid-control 
method since the grid potential must be obtained from 



Fig. 1. Sebeimfie diagram fregulafer 
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the B-diminator output voltage which is more dosely 
rdated to the average rather than the r. m. s. value of 
the line voltage. 

Voltage drop across Rt is balanced out by a atnail 
adjustable portion of the eliminator output and is 
thai applied to the grid of the second tube—a high-p, 
UX-240 type. Thus a decrease in the line voltage 
makes the grid of the second tube more native, 
cutting down the current through B,, which makes the 
grid of the last tube more positive thereby building up 
its plate current. This inoeases the ^cit^ voltage, 
builds up the main alternator field and boosts the line 
voltage. An increase in line voltage dmply reverses 
this process. 

A UX-210 type tube is employed in the last stage of 
the amplifier to supply the field current to the exciter 
generator whose field is wound to match the d-c. plate 
resistance of the tube. This field winding is the only 
special piece of apparatus used in the entire system, all 
the other parts being of standard make and readily 
obtainable. 

Since the vacuum-tube S 3 ratem is almost instan¬ 
taneous in its response to small fluctuations, the original 
regulator with the high amplification required for 
regulating a-c. machines was rather unstable in its 
operation. This condition, together with the compara- 
tivdy long-time lags in the fields of ttie exciter and the 
main alternator, caused hunting, i. «., oscillation of the 
line voltage about a mean value. After a good deal of 
experimentation it was found tiiat the r^^ulator could 
be stabilized by a feed-back coupling system composed 
of a cond^iser C and a resistance J?,, which reacts on 
the grid of the first tube. This virtiially delays the 
response of the regulator, thus cutting down its tendency 
to over-correct. 


Pebfobmancb Tests 

A numb^ of experiments was made with this regula¬ 
tor connected to a 85-kva., 220-volt, two-phase altema- 



me CURJIZ£NT IN NMPERE5 


Fig. 2. Voltage charaderittict of an alternator 
with unity-pow r-factor load; Ri with vacuum-tub 
c ntr l;«Rv d excitati n, with ut regulator 


tor, operated as a single-phase machine at 110 volts 
—^this being tiie rated voltage of the eliminator 
equipment. This constituted a severe test for the re¬ 
lator, because for a given load the field-current coirecr 
tion necessary to maintain constant voltage is greater 
for low tiian for hig^ voltages. 

The diaracteristics of terminal voltage with load 
current at unity power factor, with and without the 
r^ator, are given in Pig. 2. It may be noted tiiat at 
full load with the regulator, the terminal voltage drops 
only 1.5 volts as compared with a 60-volt drop with 
fixed excitation. 

Oscillograms (see Fig. 3) were made showing the line 
voltage, line current, and field current when full load 
at unity power factor was suddenly applied and then 
suddenly dropped with the regulator in operation. In 
these tests a regulating transformer was used to supply 
the B-eliminator of the r^ulator. This transformer 
was devrioped e^iedally to maintain constant output 
voltage for a wide range of primary voltages, the load 
remainii^ constant. 

Witii the regulating transformer in use, however, 
an added load of fifteen amperes at a low power factor 
was imposed upon the alternator and consequently the 
perceniage r^;ulation was not quite so good as when 
the transformer was not in use. 



Fig. 3. Alternator termiiMl voltage, and Held and 
load cuirenti with regulator and regulating trans¬ 
former in u»; (ab ve) full load is suddenly applied; 
(bel w) the load is cut ff 
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Fig. 4. Alternator voltage and current relation* 
at time of short circuit. Note that field current is 
rapidly reduced to a negligible value by the pro* 
tective action of the vacuum-tube regulator 


PEOTBCTIVB ACTtON 


Further Probabiuties 

The r^^ulator here described furnishes an indication 
of what may be accomplished by means of vacuxun-tube 
control for power equipment. It is realized that the 
design might be varied to accomplish purposes other 
than the simple control of a single-phase machine. For 
example, compensation for line-voltage drop could be 
introduced by means of an extra winding in the fila¬ 
ment transformer of tbe first tube, this •winding having 
all or a part of the line current flowing through it. In 
the case of pol 3 q>hase alternators a variety of schemes 
could be used for arranging the transformer or trans¬ 
formers suppl 3 dng the control filament, depending upon 
what system voltage it is desired to control. 


Itef^ring again to curve Ri, Fig. 2, it may be noticed 
that at about 60 per cent overload the vol'tage statts 'to 
decree rapidly. This is due to the fact that the B- 
eli min ator output and the temperature of the first-stage 
tube filament drops suffiinently to make further r^^ula- 
tion impossible. After the point of maximum current 
is reached, the system becomes unstable and the voltage 
drops rapidly back to zero, thus pro'viding overload 
protection for the generator. The amount of overload 
at which the relay action starts depmids upon the regu¬ 
lation characteristics of the eliminator as wdl as upon 
the average operating temperature of the first tube 
filament. 

An oscillograph record showing tlie transient condi¬ 
tions owurring at short circuit with the r^ulator and 
ragulating transformer in operation, is presmited in 
F^. 4. As may be seen, .the short-circuit current is 
reduced to full-load value in about 0.6 sec. 

FjeojD Current. 


Motive Power for 

Suburban Electric Lines 


Low enhusi car mileage together with the 
large number of cars required molce the 
economical handling of suburban passenger 
traffic difficult. Results of a comprehensive 
analysis of the problem are presented!. 

By 

CHARLES KERR, JR. 'Wetftiiighouse Bleo* dfc Mffj. 

NonpMember Co., Bast Pittsburgh, Pa. 


It IS ^own also m Figs. 8 and 4 that the field current 
of the alternator lanot a steady, direct current but has 

supem2)osed upon it a strong 120-cycIe current. This 

from two sources: First, since the filaments of 
the tubes we hghted directly from the alternator, plate 
of ^ ti*^ contain a l20-cycle component 

fii^ to the main 

SI * 1 . smgle-phase, 60^qrcle current flow- 

™«^Uih the wmdmgs of the armature of the main 

altenmtor induces in its fidd a 120 -<grcle e. m. f. 

This 12»^cle component in the field cuirent is of 
ajwajage, however, since the magnetic ciredts of the 
as wdl as the alternator are continuously carried 
a hyst^ loop, thus making the averL^^ 
flux, rad hence tiie generated voltage, Xays a 
Sfldd component through 

“ even hS 
wavefonnbf the out- 
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tinnaito RAILROADS ara con- 

SiSSi important factora in providing 

for the rapidly mcreasmg suburban traffic In the larger 
aties. I^^all urban transportation, this traffic due to 
^e poor load factor which results from the heavy rush 

burden on the railroads. 
3?^ pe^ are of such magnitude that the rolling 
req^ to provide for this traffic is from twoto 
SdtS***** requi^ for the base load. On the other 
^d the ann^ mileage of suburban cars is very low 



- -service* 

suburban system embraces a variety of 
diffwent types of service omditions for which the motive 
po^mustbesuffidentlyflexible. Thea^wJJ 

runs vary fr*om a mile or less to over ten miles’ the 
tram make-up, from a few cars to many. For 4eae 

SubmpbaiT it 

8en1»dat the A. B.irtii(wbtov«n 
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■v^ng conditions electrification is ideally suited, and 
the senes motor wii* its steep speed-tractive effort 
curve meets the requirements of this service. For the 
short runs where high acceleration is desirable, this 
type of motor will deliver high tractive efforts with 
mimmum demands on the distribution system. For 

the long runs where high-speed operationisdesired,itwill 

provide high balancmg speeds. The steeper the iqieed- 
tTMtive effort curve, the better the motor is adapted to 
this service, a feature which makes the arc. commutator 
motor well suited to ^burban electrification. 

The flexibility of multiple-unit cars enables trains of 
varying lengths to be easily formed and if dedred the 
schedule speeds can be made independent of train size. 

Modern practise in suburban electrifications employs 
accelerating rates not to exceed 1.0 to 1.5 mi., per hr. per 
sec. and maximuni Speeds of approximatdy 70 mi. per 
hr. Due to wheel slippage the maximum acceleration, 
practical with two-motor equipment or four-motor 
equipment and a .trailer is approximately 1.5 mi; per hr.' 
per^. The maximum sp^ may be nused to 90 mi. 
p6r nr. or mordj but the advantage to be gained from 
this IS small and the.expense di^roporfionately laige. 

! Previously it was mentioned that the aninual mileage • 
of cars in suburban service is quite low. .Onsomes^ 
teins the average is only about 25,000 mi. per car per 
annum, while the average’for the enl^ cdunriy is-only 
about. .35,000 ini, JBe^use of this lo^vmilt^e^' 'tte 
fixed: chaiges are thorlarg^ iteip of and! iii 

some cases may .exceed per car inile the combined cort‘ 
of power, maintenance, and crew expense.. With the 
electrical apparatus available today it is possible to 
reduM i^e operatii^g cpst^ greatiy without ;materiaUir 
handicapping the car performance. This may be ac¬ 
complished in three wasrs.. . . i. 

LaBGEST CABS'MOST EOONOMiCi^ '. 

, , . ' » } 

The most economical car is thai with the larsest 
capacity which can be operated witlun the existing 
clearances. As the seating capacity of a car is in¬ 
creased, the cost, weight, and horsepower cajiacity per 
seat decrease, thereby reducing the power consumption, • 
maintenance and fixed charges per seat. The chief 
objection to the large car however is its lack of flexibil¬ 
ity. This objection is not so serious as it would seem, 
for most large electrifications today are &ced with the 
problem of increased train length; with this increase the 
large car in spite of its lack of flexibility can be used to 


cents with an average car mileage of 35,000. Assuming 
10 per cent fimd charges, it is economical to invest from 
25 to 30 cents to save one pound in weight. 

With any system of electrification in use today it is 

. possible from a constructional standpoint to install bn a 

car arie all the power which it is practical to utilize. 
This in^eased power may be miployed either by in¬ 
creasing the sch^ule speeds or by handling trailms. 

On large systems the average length of run is between 
1.0 and 1.5 mi.; 'with acceleration of 1.0 mi. per hr. per 
sec. and a maximum speed of 70 mi. per hr., schedules 
from 20 to 40 per cmt better than those with steam 
power can be maintained; An increase to 1.5-mi.-p^- 
hr-per-sec. acceleration will increase the schedule speed 
only 3.3 crat and will require motors 30 per cent 
■larger. likewise a 1.5-mi. per hr. per sec. acederatiqn 
^d 90 mi. per hr. sa^e speed will increase the ache dule 
speed only 6.6 per cent with a required increase in motor, 
capacity of 67 per cent, 

Because of the fact that the increase in schedule speed 
above a certam point is out of all proportion to the 
increase in motor capadty, it would appear tb be highly 
economical to employ this increased capacity to handle 
traders,, thereby reducing the power consuinption, 

. maintenance, and fixed charges.. During the off-peak 
hours sufficient motor cars will be available to provide 
all-motor-car operation which is desirable at these times. 
Power is relativdy inexpensiye as it does not increase 
1^ peak load d^nahd; therefore any improvement in 
traffic resulting ^m better service is practically net 
profit. 

As an illustration of trailer operation, a ten-car train 
composed of all rnotor cams will make only 3.8 per cent 
bel^ s^ediile time than six motor cars and. four 
tiad^. In order to attmn this.3.3.per cent increase in 
speed, w increase of 59 per cent in motor capadty 
..is necessary. Costs.of power, maintenance, and fixed 
charges are 22 . per cent greater to deliver the average 
^passenger at his destination less than one minute earlier. 

V. To summarize, the most economical methqd of han¬ 
dling suburban traffic with electric motive power is, 
(1) to use the largest Cars which can be operated within 
the existing dearam^; (2) to reduce car wdght, and 
(3) to operate all-motor-car trains or the .equi'v^ent 
during the off-peak hours with the extendve use of 
trailers during rush-hour periods. 

LOCOMOTTVB OHSaATION 


advantage. It is ^e that train make-up during the On railroad systems operating extendve dectrifica- 
off-peak hours is slightly handicapped, but any increase tions, the use of locomotive power on the heaviest trains 
in power during such i^es which might re^t from may be dedrable in suburban express service whme the 
slightly heavier trains is more than counterbalanced distimee between stops ranges from three to ten im'ioa 
by the reduced fixed charges. Recently tbere^ bemi Due to the factor of diveraty, locomotives may be 
a decided tendency to reduce the car weight thfoi^ operated both in through and suburban service.with a 
the use of aluminum aOoys, since a reduction in .weight Ifrge.ammal mileaSd do that the; fixed chargee are low, 
reduces the power consumption, and also the motor making this operation esconomiesd. For shOrt riind add 
capadty. It is estimated.that the saving of one. pound small tidns and when the an^i^ locomotive',jnil^^e is' 
reduces the operating costs per annum from 2,5 to.3-P. low, multiple-unitcars offerbet^s^ceatl^^pd^l' 
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Last Call For 

The Summer Convention 


Arrangements will be made by the committee 
for officers, section delegates, ef, a/., to play their 
Qualification rounds at any convenient on 
Monday, so as to avoid missing their scheduled 
meetings. 


i^^RRANGBAIENTS are oomplete for 
the A, L E. B. summer oonvention to be 
held in Asheville. N, C., June 22-26, ^rtth 
h^quarters at the Grove Park Inn. 
Situated high in the southern Appidaohi- 
ans, Asheville offers scenio splendor of 
unusual interest to those who have not 
heretofore visited that city. 

An exoellent teohnioal program 
been arranged oonsisting of seven sessions 
on subjeets of broad soope and current 
interest* Three of these sessions are 
symposiums; one on the important sub¬ 
ject of power system interconnection, 
another on the interesting topic of com¬ 
munication S 3 n 3 t 6 ms for electric utilities, 
and ^e third dealing with history of 
electrical units, the volt, the ampere, and 
the ohm* Also there be sessions on 
power cables, automatic stations, elec¬ 
trical machinery, and research* 

The general convention committee has 
Aw^uiged an excellent sc^es of entertain- 
m^t features, sports, and inq[>eotion 
trips to afford visitors an attractive we^ 
of enjoyment. On Monday evening the 
presidents reception will be held; Tnes- 
dAj evening there wiU be a get-together 
dinn^ with entertainment; Wednesday 
evening the convention banquet will be 
given. All of these events will be held 
at the Grove Park Inn convention head¬ 
quarters and each wiU be followed by 
danciiig. 


A complete list of events, tentative 

‘ program aad a desoriptioii of the 

mspootioii trips 'vaa published in Blbc- 
Silay, 1931, pp. 
008 - 371 . The few minor ohanges in 
program completed since the first an- 


nonne^ent ^ outKned in the foUdwing 
paragraphs. 


TaomnoAL Sbssions 

^iWsients in Magnetic 83 
Bnwt Weber of the Polytechi 
N. Y, has ba 
a^^ to the Tuesday morning session 4 

01^^ maohineQr. “Resid^ A 

ana Moisture m Cmiaegnated>Fap 


Lwulation in” by J. B. Whitehead and 
P. HanAnrger, Jr., of the Johns Hopkins 
University, Baltimore, has been trans¬ 
ferred from the research session to the 
Thursday morning cables session. 

GolV—SpBOUI, TOTTBNAlfflNT BulbS 

For golfers the main event vnll be the 
annual tournament for the MAraho n 
Trophy, to he played over the excellent 
IS-hole course of the Biltmore Forest 
Country Canb. This club is about three 
miles from the center of Asheville in the 
he^ of the Biltmore Forest development. 
It is suironnded by beantifnl homes and 
almost every point there are beauti- 
fol mountain views. 

It is essential that the qualifying round 
of the Mershon Trophy tournament be 
completed; this yrm mean that guests 
arriving after Monday will be unable to 
enter this competition. 

The competitioii wlU consist of qnaliflcation 
wund of eighteen holes, (handicap medal play) 
followed by match play (hioidtcap). 

The sixteen low net scores will Qualify for the 
^t(* play rounds, whlQh will be played 
^e?aay afternoon, Wednesday afternoon, and 
Thursday, morning and afternoon. 


No greens fees will be charged members 
or registered guests during the conven¬ 
tion; transportation to and from all 
courses will be provided. 

Tumns 

The annual Mershon Trophy competi¬ 
tion in men’s singles will be played, 
together with men’s doubles, and if 
sufficient entries can be secured, ladies’ 
singles and mixed doubles also. 

The courts on which these games will 
be played will be announced later, but 
tennis players can be assured that excel¬ 
lent courts (probably clay) will be avail¬ 
able for all who wish to use them. 

Entries for all these events should be 
in the hands of the committee not later 
than Monday afternoon, June 22 , 

iNSPKonoN Tnips 

One of the three optional all-day trips 
scheduled for Briday, June 26, will b to 
the recently completed 2 €Haere plant of 
the American Enka Corporation the only 
Rayon plant in North Carolina, Inspec¬ 
tion will be confined to the 4,400-kw. 
power plant and village only; the pro¬ 
duction nmts will not be open for inspec¬ 
tion. The mill capacity is about 20,000 
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lb. (75,000 miles) of viscose yam per 
day« 

Enka is about eight miles southwest of 
Asheville ajxd, surrounded by the majestic 
mountains forming the southern extrem¬ 
ity of the Appalachian range, is considered 
one of the beauty spots of western North 
Oamlina. A water storage and settling 
basin has been constructed in the form of 
a picturesque 6,875-aore-ft. artificial lake 
on the borders of which three modem 
villages have been created for plant 
employees. 

Invitations have been cordially ex¬ 
tended by the State of South Carolina, 


North Eastern District 
Holds Busy Sessions at 


IBrINGING to a close for the current 
fiscal year the Institute's district meeting 
activities, engineers of the North Eastern 
District convened at the Sagamore Hotel 
in Itochester, N. y., April 29-May 2. In 
addition to four regular technical sessions 
and a student convention there were held 
several special group meetings including 
a joint dinner meeting of national noise- 
study committees representing the Na¬ 
tional Electric Light Association, the 
National Electrical Manufacturers Asso¬ 
ciation, the American Society of Mechan¬ 
ical Engineers, the American Institute of 
Electrical Engineers, and other organ¬ 
izations. 

Particularly noteworthy were the many 
entertainment features and inspection 
trips arranged by the local committees. 
Inspection trips included visits to the 
plants of such widely known organizations 
as the Eastman Kodak Company, Strom- 
berg-Carlson Telephone Manufacturing 
Company, Bausch & Lomb Optical Com¬ 
pany, General Railway Signal Company, 
in addition to stations of the Rochester 
Gas & Electric Company. The more 
diversive trips included drives through 
the city anfi a trip to Niagara Faills. A 
delightful series of special affairs kept 
women guests pleasurably active and 
should prove a future incentive for in¬ 
creasing feminine attendance at these 
meetings. Even the needs of golf and 
tennis enthusiasts were ably met. 

Special credit is due to everyone assist¬ 
ing in the supply, installation, and opera¬ 
tion of the public address system which 
was a most important contribution to the 
success of the technical sessions. Poor 
audibility m meeting rooms has killed the 
effectiveness of more than one otherwise 
good meeting. Tbo ordinary installation 


the City of Columbia, and the Lexington 
Water Power Company to visit that 
state, its capital, and the 200,000-hp. 
S^uda River development near Colum¬ 
bia* The power company offered to 
arrange for transportation from the rail¬ 
road station to and from the where a 
barbecue will be given. Negotiations are 
pending with railway officials to run a 
special train from Asheville to Columbia 
at a reduced rate of fare. 

If enough persons attending the con¬ 
vention evidence sufficient interest in this 
trip, arrangements will be completed for 
an all-day excursion Saturday, June 27. 


Rochester 


of Stationary microphones has failed to 
solve the difficulties which arise with a 
peripatetic speaker who spends a goodly 
portion of his time addressing the black¬ 
board with his back toward his auditors. 
At Rochester the whole problem was 
admirably met with the newest thing in 
microphones, small units attached di¬ 
rectly to the lapel of the speaker's coat 
thus removing the possibility of his walk¬ 
ing away from the **mike." The Bell 
Telephone Laboratories, Inc., and the 
Stromberg-Carlson Telephone Manufac¬ 
turing Company in collaboration installed 
and operated the equipment. 

Two of the technical sessions were 
devoted to miscellaneous subjects ranging 
from insulation research to induction- 
motor design. One session was given 
over to an. exceptionally well organized 
symposium on the subject of noise, cover¬ 
ing its origin, measurement, and controL 
Several interesting and timely subjects 
crowded the student session, while the 
closing session dwelt upon the much- 
investigated but always popular subject 
of lightning and its related problems. 
Some of the ^^high spots" of the various 
papers are touched upon in the para¬ 
graphs which follow. 

PowsB Cables and Dielbotbics 

In presenting his paper "Temperatures 
in Electric Power Cables Under Variable 
Loading," B. A. Church (A*29), Edison 
Electric Illuminating Company, Boston, 
emphasized the need of a practical and 
reasonably accurate method for mAiring 
these calculations to improve cable oper¬ 
ating efficiency. He gave a solution of 
the problem of determining the temper¬ 
ature rise from sheath surface to con¬ 
ductor, making use of Bessel fuaotions 
and resolving the heat-flow cycle into its 


harmonics for separate solution as well 
as subsequent recombination in the 
proper phase relation to obtain the 
temperature cycle. The author stated 
th t computations based upon bis theory 
demonstrated that the temperature curve 
for any cable and load <^cle may readily 
be calculated without excessive labor and 
with accuracies well within the necessities 
of cable constants* 

Theories and calculations pertaining 
to the "Proximity Effect in Cable 
Sheaths” were presented by Prof. H. B. 
Dwight (P'26), Massachusetts Institute 
of T^hnology, Cambridge. He described 
proximity effect as being the unequal 
distribution of alternating current over 
the cross-section of a conductor as caused 
by current in another (parallel) oonduotor 
and stated that in some cases its calcu¬ 
lation was of imx>ortance to prove its 
negligibility and in other oases to prove 
the importance of its consideration in 
connection with conductor design. 

Assuming cable insulation to be essen¬ 
tially an imperfect condenser, Prof. C. L. 
Dawes (M'15) and W. M. Goodhue, 
both of Massachusetts Institute of Tech¬ 
nology, Cambridge, presented a discussion 
of "Equivalent Circuits of Imperfect 
Condensers" as an aid to insulation 
studies and oaloulations. 

"The Theory of Thermid Breakdown 
of Solid Dielectrics" as described by 
P. H. Moon (M'29), Massachusetts 
Institute of Technology, Cambridge, con¬ 
stituted a correlation of much of the 
work already done on the subject of 
thermal breakdown. It was the authoris 
stated aim to present this information in 
a form in which it could be used by the 
electrical engineer for the calculation of 
breakdown voltage. He emphasized the 
fact that thermal effects are but one of 
several meehauisms of breakdown, and 
that in oaloulatiug breakdown voltage, 
.due regard must be given to this fact. 

MoTOBS and TBANSFOBlfBBB 

Some of the reigns why induction mo¬ 
tors fail to develop their eicpected smooth 
speed-torque curves were described at 
length by P. H. Triokey (M'30), West- 
inghouse Electric & Manufacturing Com¬ 
pany, East Springfield, Mass. He stated^ 
that present knowledge attributes the* 
undesirable "hooks" or "cusps" in the 
speed-torque curves to three causes at 
least: (1) harmomos in the field, (2) syn¬ 
chronous lock-in of stator and rotor 
harmonics, and 3) the effect of stator 
slots. The first of these occupied the 
author's attention and it was hk con¬ 
clusion that harmonics in the field form 
have a definite effect upon the speed- 
torque curve; also that the assumption 
of each harmonic acting separately is 
useful (though approximate) in deter- 
mining the speeds at which the worst 
cusps will ooour. 
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In <? 0 Mdering the determinatibn of 
‘XiOssefe m Transformers for use with 
Merohry-Aro Rectifiers,” E, V. DeBlieux 
(A^30), General Electric Company, Pitts¬ 
field, Mass., reviewed theoretical caleula- 
tiops preyion^y pnbUshed and discussed 
^he Assumptions involved. Methods 
proposed for an A. L E. E. Standard also 
were described and a mathematical basis 
for them offered. Effort is being put 
forth to achieve a satisfactory method 
for determining rectifier transformer losses 
hidependent of rectifier losses. 

/‘The Three-pircuit Transformer” was 
t^ted, at,length by C. P. Bstwick 
(M*26), General Railway Signal Com¬ 
pany, Rochester, N. Y. That class of 
.trai^ormer was described as being 
divided into two distinct types depending 
upon the relative Erections of the fl^uxes 
W ^e mutual paths of the magnetic 
circuit. A typical problem for each case 
was cited and a mathematical amd^^is 
iSiyen.. ' 

' ..CobB-LosS MDASTTEBilBNT; 

. A. meiod and apparatus for detei^ 
nun^ the core losses in magnetic sheet 
^te^ at high-fiux densities were described 
by B. M. Smith (A*30) and C. Concordia 
Electric Company, 
N. y. Modem demands 
machines and equipment to he 
within narrowing limits, and this 
U^sfijt^s more attention to. the accu¬ 
rate, d^tennination of the oharaoteristios 
of ^tOTiala. The authors presented data 
m support of their contention that now 
it is possible to measure core losses for 
denrities .up to.B « 20,000 conveniently 
a^d accurately, and that in order to 
obtain a tme measure of max.” it is 
not necessary to maintain a s^e wave of 
induction. 

STlfPOfilUM ON Nois® 


’ Technical papers presented lly students 

^ outlined in the foUbwinig pAragi^phs: 

"The Theory of the Capacitance Po^ 
tentiometer”. as presented by A. W. 
Moon and W. E. Brainard, Cornell 
University, Ithaca, N, Y., deduced relar 
tions for the chamcteristios of a trans^ 
former circuit which would be suitable 
for use for connection across a portion of 
a string of high-voltage insulators.. Such 
a connection is u^ hoW for certain 
ixutrument circuits where the cost of 
high-voltagie'instrument transformers .iis 
unwarranted; it was suggested for oriier 
possible light-load uses inoludirig'radio 
beacons. 

As a result of "Tests on 14-Megacycle 
^tenna Systems” reported upon by 
C. B. Evans, University of New Hamp¬ 
shire, Durham, the author stated that 
from experiment it appears that the most 
suitable radiator for 14-megacyole general 
amateur radio oommuni<^tion is a hofi- 
zontal half-wavelength Hertz antenna 
placed as high as possible and fed as 
easily and as efficiently as possible. His 
results showed also that although ah- 
tenna operation on the second harmonic 
is satisfactory, operation on the fundar 
mental frequency is better. 

In dea^bing methods of "Revision of 

Distribution TransfomierNotwoito,”L.O. 

Spencer, University of Maine, Bangor, 
emphasized the economic desirability 
of building up a system of distribution 
maps and records, and equipment records, 
pa^oularly on the older systems and 
where small comm uni ties and rural areas 
predominato. He based his comments 
experien(» with a northeastern dec- 
trio service company whose lines, and 
services , were severely damaged^ by an 
unusually severe sleet storm in 1929, the 
i^plaoem^t and reconstroe^n of these 
lines being rendered extremely difficult 
by a lack of adequate line and equipment 
records. • • 


inbre^ radio broadcast stetions' coffid 
developed to meet the relativdy rigorouC 
den^ds of power-system regulation. 

_ "A Modem Short-Wave Amateur 
Jmnsmitter,” recently built by the Yale 
Radio Club, was described by Donald 
Bergener of Yale University, Ne^ Haven, 
C6nn. The set was des^ed,.and built 
mth particular attention to ]^-effi- 
ciency and stable-freqqency Gyrations in 
the three amateur channels, 3,500-4 OOd 
kc., 7,000^7,300 kc., and 14,000-14;4od kd' 
The oiropit used is the tuned-pUite 
imtuned-giii type, with a j^wer am¬ 
plifier of "the olass-C iyjpe, using two 
of the *52-1ype tubes. A power supply 
common to both oscillator and amplifier 
is fed from a three-phase bank of 
220/2,000-volt transformers through a 
mercury-vapor rectifier and /brute-force” 
filter. ^ operation both thd .ampM^ 
and oscillator are keyed simultaneously 
by changing the grid.bias,.thife effectively 

eliminating noticeable key clicks. BKghly 
succes^ intercontinental communioa- 
tion with the set was reported. 

In their "Study of the jynn-Weichsel 
Motor,” G. jS; Bxcwn and^J. a Oibson, 
Massachusetts Institute of Technology, 
Cambridge, presented an analytical dc? 
s^ption of that motor *and its operating 
characteristics in the direction of powerr 
f^tor correction. The authors stated 
that in their opinion the power-factor 
correctiye abflity of.! the motor is in 
certain, oases a valuable asset, but recom¬ 
mended careful consideration of ^e local 
conditions in connection, with each in¬ 
dividual projected application. 

Under the title “Starting: Windings’? 

P H. , Triokey, University of Maine; 
Bangor, presented a* short-ou.t znethod' of 
deafening the auxiliary starting vrindinge 
of splitrphase induction • motors. He 
based his flndings and 

upon practical design experiontse. 


An seven of the papers presented at 
^ noise session were Hberally Abstraoted. 
to the May 1931 issue of Elbotbioal 
Eho^bing (pp. 34(W64); hence they 
•will be given no further attention here. 

. SruniiNT SnssiOK 

_ Resident Lee (P’I3) was introduced by 
^fessor C. W. Henderson (A’20). 
<toatoan of the district oonunittee on 
-activities, and eiqphasized very 
fMc^y the benefits received by stu- 
oente vrto attend and pwtioipate in such 
meetings, stating that otherwise the 
^n^ts ^tts made with men and the 

eieotooal mdnstry m^ht not be made for 

m<m^ or years:. He urged the young 
^ M 10 speak and writo 

at' the prestotaabh w 
to^ Wdeonstitnte.a very important 
prntoftheirengmeertogwoito :ii 

m 


In a “Study of the Torque-Time and 


lavu VI luauoaoiL-JMotor 
Kywheel Set Operating bn a Mine Hoist,” 
D. C. Robinson and R. W. Stone, Syra^ 
ou^ (N. Y.) University;, attempted to 
solve some, of the problems’ of industrial- 
motor applications ''where energy de¬ 
mands vary over a. wide' range within 
one cycle of operation. The authors 
presented fairly extensive «8perimental 
results together with mathematical and 
epraphical analyses. 


SbBSION on LiaHTNINO 


Seven papers presented by tldri^ebh 
authors deali^ with v^pus phases of 
the Ifehtiidng ‘problems were given at the 
Iferhtning sessiob. Thwe papers in gen- 
ciral fdl into three dassifioations: (i) 
theory, Elution, and laboratory d^ 
velopment; (2) studies of' the effects of 
^tural Ifehtoing on opefatihg feystemS; 
0) based upon the imiipsition 

Jr. (P 26), General Electric Company^ 
Pittsfield, Mass., was devoted to sho^^g 
how the ^oub pharacteristics of lights 
ningmay be obtained from measurements 
on operating lines aud how such resulife 
hiay Im applied advantageously in 
vdc^ing ^ fijfte^ designs; ^The auStor 
p^q^Iy the fiot bedIkH 


wQuuMiiior m line rower mdustry’* 
described by B. H: Buckingham; 
Massa^dse^” Institute of Technology; 
Cambridge. I^jper-synchtbnbus operai 
Idon of 'Tridely separated poW systems 


•was suggested as a posaibilfiy at 'somei* 
the future,'assumiife l^ the 
mprstalfine diructure aJready^^enccdeafffil^ 
aipphed to the^ synchfbnizatidm tw4 
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ably complete and easily read story of 
the life and charaoteristics of the lightning 
which produces them.” From these ob¬ 
served data the author described methods 
of detenn^ng cloud height, time of 
dischar^, induced voltages, and current. 

In discussing “Lightning Discharges 
and line Protective Measures,” C. L. 
Fortescue (A»23), Westinghouse Elec. & 
Mfg. Company, East Pittsburgh, Pa., 
and R. N. ConweU (A*15), Public Service 
Electric & Gas Company, Newark, N. J., 
described the mechanics of the develop¬ 
ment of. a lightning stroke in a cloud and 
the formation of a surge on a lino. 
AnalyMS of typical high-voltage line con¬ 
struction wore presented to show the 
lightnihg performance obtained, and 
220 -kv. operating experience records were 
offered to substantiate liie belief that 
induced surges are of relatively small 
importance; also that the direct stroke 
is . the (urlterloh for good design. 

' “Experimental Studies in the Propaga- 
tion of Lightning Surges on Transmission 
Lanes,” were described by O. Brune and 
J. R. Eaton (A’27), Consumers Power 
Company, West Jackson, Mich: The au¬ 
thors presented reproductions of cathode- 
ray oscillograms to show the attenuation 
and distortion of artificial lightning surges 
on a power transmission line, the voltages 
induced by such surges in parallel wires, 
and the effect on tower-footing impedance 


recorded on the system in Ohio, 33 per 
cent were caused by lightning, and 60 per 
cent by switching. Of the surges caused 
by lightning 86 per cent were positive or 
predominantly positive, and 8.5 per cent 
were purely negative (a ratio of ten-to- 
one). Of the surges caused by lightning, 
half were oscillatory and half were not. 
Of the oscillatory group, half were posi¬ 
tive and half were negative. 

W. W. Lewis (M'13) and C. M. Foust 
(A* 22 }, General Electric Company, Sche¬ 
nectady, in “Lightning Investigation on 
Transmission Lines—II,” reviewed the 
results of a five-year investigation of the 
effect of lightning on transmission sys¬ 
tems. The authors concluded that direct 
strokes ^lay a prominent part in causing 
flaahov^; “but admitted that induced 
strokes also seem important. These 
authors contended that conventioniJ 
overhead ground wires with low tower-, 
footing resistance take care of direct 


strokes as well as induced strokes, 
operate to prevent flashovers. They also 
reflected and emphasized the opinion that 
the mechanism of a lightnii^ stroke as 
yet IS not understood, but that polarity 
effects are indicated to be of a highly 
important nature and worthy of careful 
consideration in line design. 

I. W. Gross (A* 12 ), American Gas & 
Electric Company, New York, and J. H. 
Cox (A*26), Westinghouse Electric & 
Mfg. Company, East Pittsburgh. Pa., 
described the “Lightning Investi^tion 
on the Appalachian Electric Power Com¬ 
pany's Transmission System.” One of 
the characteristios of the system In 
question is the fact that toweivfooting 
resistances almost universally are 
25(K-ohm8 or more in many cases. Special 
equipment installed on that system at 
the present time includes 21 klydono- 
graphs, one cathode-ray oscillograph, and 
35 direct-stroke recorders. 


Inter-Society Cooperation 

Urged'to Expedite Noise-Study Agreement 


of ground wires or counterpoises. 

. / ^GHTNINO EzPBnu&NClSS 

Four of the pai>ers presented were 
based upon data obtained from operating 
systems under natural. lightning condi¬ 
tions. 

Edgar. BeU (A’29) and A. L. Price 
(A’30), Pennsylvania Power I^ht 
Oompany. Hazelton, Pa., described the 
results, obtained from the continuation of 


TbLAT the Institute should officially 
recognize the importance of the severid 
angles of the noise-study situation by 
appointing qualified representatives to 
cooperate actively with corresponding 
groups Jq other societies was the <^ncen~ 
sus of opinion of the Institute members In 
attendance at a joint dinner meeting held 
at Rochester, N. T., May 1,193L The 
dinner meetinjg: presided oyer by P. L. 
Alger (F ’30) chairni^ of the A.. 1. E. E. 


1. How shall the unit of noise measurement 
be defined? 

'2. What & a suitable scale of valuee for nolM 
that will cover the wide range of noise 
met with in praettse? 

3. What welghtiog factors be used to 
ooirolate the noises induced by s unds of 
different frequencies? 

The accompanying table listing the 
oharacteristios of eight different proposed 
noise measuremmit systems indicates tha 
ways in which these questions have been 
answered by different investigators. The 


their “Lightning Investigation on the 
220-Kv, 83 rst 6 m of the Pennsylvania 
Power & Light Company (1930).“ light¬ 
ning instruments in service on this system 
include some 300 lightning^troke re¬ 
corders, more than a thousand surge 
indicators, 39 surge-voltage recorders, 
two cathode-ray oscillographs, three field- 
intensity recorders, four lightniqg-roverity 
meters, in addition to magnetic oscillo¬ 
graphs and. high-speed recording am¬ 
meters at terminal stations. These 
authors are convinced, that* at least a 1 ^€| 
prox)orUon of the lightning kick-outs on 
th^ 220 -lcv: system are caused by direct 
strokes to line stouctures or conductors. 

Philip Spom (i”30), American Gas A 
Eloqtrio Company, New York, and W. L. 
Liloyd, Jr. (M*27), General Bleotrio Com¬ 
pany, Pit^fleld, ^ Mass., prompt^ <^ta 
^om the “1939 Lightp^ Inyesti^tions 
on the Transmission Sys.tem of the 
American/Gas Eleotrio Compfu^y.” 
These quihors.mppistod thqt of 197 surges 


committee on. electrical machinery and 
an aggressive leader in noise-study activi¬ 
ties. dosed a day devoted to toe presenta¬ 
tion and discussion of seven papehi and 
toe demonstration of four different types 
of noise-measuring instrumehts. Special¬ 
ists and various commuttee members 
contributed to .the dinner discussion* 
which was , center^ upon an attempt at 
selection of definite uxdts aild methods of 
measurement and evaluation of noise. 
Without a coiumon language for these 
essentials no cooperative progress can 
be made. 

These topics have , been lind^ con¬ 
sideration for some, time by committees 
of the E. M. A., A. S, M. E«^ and the 
Acoustical Society of America, and repre¬ 
sentatives of all toeM groups participated 
in the disonssion. no definite 

agreement could be re^hed, th^ piinok 
pal^. questions were / crystallizedi the 
answers to .which form a fairiyuompiete, 
basis for a syst^ ofnois;^ measure 


conclusions of the Rochester meeting are 
su mmar ized in the following j>acagraphs 
by Mr. Alger. 

I— ^Thb Unit of Noise Measuebue^ 

Since all noise is the result of waves of 
TOund pressure, it is logical to measure it 
in terms of dynes per square centimeter 
pressure to which the name “equivalent 
bars” might be given. Such a measure-, 
meat being based wholly upon 
pressure will avoid many of toe difficulties 
involved in a measure primarily based 
upon psychological effects which would 
necessarily change as more data are ob¬ 
tained. However, as tones of different 
frequencies are not equally audible, it is 
desirabie to convert all measurements 
into equivalent sound pressnire at a defi¬ 
nite standard frequency. On this basis, 
toe consensus of opinion was that: 

Noise should be measured in eouivalent ban of 
the sound pressure produced by a pure tone of 
ffequency .1.000 cycles per second. 
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VARIOUS NOISE SCALES PUBLISHED OR PROPOSED UP TO APRIL* 1931 


Name 

1 

Pressure 

dynes 

cm.* 

2 

Intensity 

3 

Sensation 

level 

loudness 

4 

Noise 

level 

5 

Sound 

level 

6 

7 

Masking 

8 

Deafening 

Scale. 

. Linear.. 

.. Db. ... 

...Db. 

...Db.... 

... Db. ... 

.. Db. ... 

...Db... 

. Arbitrary 

Ref. pt., 
d 3 *iies cm.- 

0 

6.6 

Thshld. 

Thshld. 

0.001 

0.01 

Thshld. 

Thshld, 

Frequency 


I.OOO 

700 

Street 

noise 

1.000 

1,000 

Wabble 

Buzz 

Weighted 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Uses 

Uses 








ear 

ear 

Just painful 

2.500 

50 

Examples 

ISO 130 

125 

106 

116‘ 

100 

Just audibl 

0.0006 

-80 

0 

0 

-6 

-26 

0 

0 

Average 

residence 

0.06 

-46 

32 

36 

30 

10 

20 

20 


Db, ■ decibel. Tbshld — threshold. One decibel « 12 per cent change in sound pressure. 


K—^Thb Scale of Noise Measurement 
Values 

As the range of audible sound pressure 
varies from 0.0005 to 2,500 equivalent 
bars a de£nition of noise in terms of 
pressure alone does not give a satisfactory 
impression of its magnitude. The loga¬ 
rithm of the sound pressure corresponds 
roughly to the sensation eiqperienced, and 
this quantity is also very convenient for 
describing the sound teansmission qual¬ 
ities of materials. For these reasons it 
was the consensus of opinion that: 

While noise may properly be expressed in 
equivalent bars (w xnilll-bara or kilo-bars). It 
is also desirable to express It on a logarithmlo 
scale or in decibels where the in 

decibels between two pressures Pi and Po is 
given by 20 log Pi/P®. The xero of the dedbel 
scale (Pg) Should be taken at a convenient ref- 
fflence point such as O.OOl or 0.01 bars at 1,000 
crdes. That is, one decibel is defined as a 
change in equivalttit sound pressure of 12 per 
cent. 

There was some feeling that the ref¬ 
erence level should bo taken as the thresh¬ 
old of audibili^ but the uncertainty of 
tills level and the probability that it will 
ehange in future as more precise knowl- 
0 ^ is gained led the'majority to prefer 
the absolute level mentioned above. 

Ill—F requbnct-Wbiortino Pactoss 

> Sittoo the audibility of sounds of differ^ 
ent frequencies varies from zero for 
frequencies betow about 20 cycles per 
eo^ ^ngb a maximum at about 2,000 
«« aown again to zero at about 20,000 
2 ™“® ^ fr *8 aeeeseary to multiply 
m actual sound pressures by weighting 
to reduce them to a common 
'^fre.eittee tile relative audibilities 


it seems best to establish several different 
weighting-factor curves for use in differ¬ 
ent zones of noise. It was the consensus 
of opinion, therefore, that: 

Approximately three distinct ffequency- 
weighting-factor curves should be agreed upon, 
on the basis of average experimental results with 
a series of observers, for use in noise zones of 
approximately 0-20. 20-30, and above 60 db. 

All noise measuring instruments should 
then be equipped with three networics, 
giving these multiplying factors for 
different frequencies, and all measured 
results should be accompanied by a 
statement of the network used. 

IV—Additional Questions 

Questions requiring further discussion, 
although their solutions do not seem 
necessary for immediate progress, are: 

allowance be made for the 
fact that all noise-measuring instruments so far 
knoTO record the r. m. s. value of the weighted 

to the notes Of Higher intensity, end to 

certain disagreeable oombinations of themf 

F®'' ****“ sUowanoe be made in com- 

metonremente tor reflecttons ftom warn 

and otiur obiecta near the source of soundt 

.w I allowance be made tor the fact 

™j»t tow4eqnencT noises are more easily toans- 
n^ted thro^ stmotiires than hlgh-fra<ineney 
n^. so^t the rebtttto sound present 
vary with the distance 

noLliS2.1wJ?"!L*'“ acceptable 


District Executive Committee 
Meets at Roch ster, N. Y. 

The executive committoo of District 
No. 1 held a luncheon meeting on Thurs¬ 
day, April 30, during the District meotiiiK 
in Rochester. In the absence of Vieo- 
President I. E. Moultrop (F *29), Welloii 
H. Colburn (M *26) served as temporary 
chairman. 

A. C. Stevens (M *26), seoretary- 
treasurer of the Distriet. prosontod a 
detailed statement of receipts and expoii- 
ditures since the October meeting of tho 
committee, and H. J, Klumb (A *16), 
chairman of the local executive committoo 
for the Rochester meeting, supplied infor¬ 
mation regarding some of the e.xpon8es 
incurred in that oonneotion.. 

It was announced that the board of 
directors had approved tho liolding of a 
District meeting in Providonee early in 
May of 1932, and, aftor a disciiSHion 
regarding the most desirable time, tUo 
dates of May 4-7 were clxoson to he 
recommended to the executive comraitloe 
forl93M2. 


vary greauy 
r mtensity, it is neoessaty to 
^ ^«>8frtine factors for differ- 

of noise. It docs not seem 
ot pr^t to have a nnifonnly 
8«»le inoorp«; 
“wiia^ttOMMnoaeuriity device, so that 
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It 18 believed that agreement on the 
prmeipal questions can be reached 
in a r^nable period through joint 
Mtion of the committees of the several 
mterested engineering societies. The 
Bu^ of Standards and other labora- 
tones have agreed to accept any eonoln- 
Mons reached by these engineering 
oomna^; henee responsibility rests 


this matter to oonclusione 


Student Activities Confer nee 
Held at Rochester 

The North Eastern District’s annual 
oonference on student activities was hold 
as a luncheon meeting on Eriday, May 1, 
with Prof. C. W. Henderson (A ’20), 
counselor Syracuse University Branoh 
and ohairman of-tbe District oommitteo 
on student activities, presiding. Nino of 
the thirteen Branches in the Distriot were 
repmsented by their oounselors and 
ohairmen; one was represented by the 
counselor only. Prof. Henderson was 
re-elected ohairmaa of the District 
eommittee on student activities; Prof. 
C. L. Dawes (M ’16), oonnselor of 
Harvard University Branoh, and Prof. 
W. B. Hall, (M ’28), counselor of Yale 
Umveirity Branch, were eleotod to serve 
with him on the executive committee of 
the District oommittee^ 

PiotesBor P. M. Sobast, (M!’ 27 ) 
TOi^or of the Bonsselaer Polytoohnic 
to^t© Branch, and past-ohairman of 
the District committee on student activi¬ 
ties, presented a comprehensive report 
upon tho types of teohnieal papers ore- 
s^ted in tte past by students in tho 
Distaot and discussed some of the factors 
mvolved m efforts to enoourage all 
B^ohes to submit papers for the annual 
meetmg. 

Henry H. Henline (M;’26), assistant 
na^nal seoretary, gave a brief summary 
of the types of student papers pressed 
m sneh sessions in other Distxiets and 
the subjects discnsseihattlmiroonfetenoee. 

ELBcmcA}^ Enginebbing 









Ill the discussion that followed, the 
principal topics mentioned were (1) the 
desirability of active student participa¬ 
tion in the Branches, (2) importance of 
interesting^ sophomores and juniors, (3) 
contacts with Sections, (4) methods of 
getting more of the practising engineers 
to attend student sessions, and (5) the 
importance of visits to the Branches by 
national officers. 

Prof. W. H. Timbie (F '24), counselor 
of the Massachusetts Institute of Tech* 


nology Branch, and chairman of the 
A.I.E.B. committee on student Branches, 
spoke briefly of the great need among 
high school students for accurate informal 
tion on electrical engineering, imd men* 
tioned the plans of his committee to 
supply it. 

President Lee spoke briefly upon the 
importance of the student activities, and 
mentioned the provision for allowing 
traveling expenses to the vice-presidents 
for visits to the Branches in their districts. 


A Summary of 

Some Rochester Discussions 


LY discussion given at the meeting 
and submitted in writing in accordance 
with governing A. I. E. B. rules is sum¬ 
marized; complete discussion, together 
with aU papers so approved, will be 
published in the Transacjtions. The 
titles of the papers and the names of their 
respective authors were published in 
Blbotbical Bnginbbmkq, April 1931, 
page 302. 

Elbotbic Powbb Cablbs 

P. L. Buller’s discussion of ‘‘Temper¬ 
atures in Electric Power Cables Under 
Variable Loading” was read by P. L. 
Alger. It called attention to the state¬ 
ment on page six of the paper where the 
heat storage capacity of the lead sheath 
was neglected. He pointed out that in 
large cables the thermal capacity of the 
sheath was often equid to 80 per cent of 
that of the oondnctor wd 25 per cent of 
that of the cable as a whole and for other 


harmomo motors excited by constant 
primary current rather than by constant 
primary voltage. 

G. Camilli discussed “Core Loss Mea¬ 
surements at High-Plux Densities” and 
believed it would have been of great value 
had data been given to show just what 
errors would have occurred had the older 
methods of measurement been used. 

Maqnbtio Noisb in Synohbonotts 
Machinbs 

H. D. Taylor discussed this subject and 
explained that the theory described by 
the' authors which accounted for tooth- 
frequency noise was very similar to one 
developed by his associates and confirmed 
by several years’ experience in designing 
and testing low-speed synchronous mar 
chines. Mr. Taylor’s experience also 
confirmed the authors’ statement that 
the worst cases of noise are likely to be 
associated with pole-and-slot ^mbina- 



tions giving nearly an integral number of 
slots per pole. His experience with re¬ 
spect to the frequency of noise differed 
from the authors’ rule. Anal3rsis indi¬ 
cated that it should be a multiple of 
twice the line-voltage frequency times 
the integer nearest to the number of 
slots per pole. 

C. E. Kilboume discussed this subject 
also and explained that from a number of 
observations on maobines having several 
types of rotors he had never found a case 
where noise eonld be directly traced to 
the rotor. Stethoscopic analysis of the 
stator itself indicated an increase in 
the volume of noise from that stator core. 
Another valuable part of his discussiou 
analyzed the general equation of A. L. 
Ruiz for the vibration of a homogeneous 
ring which when there are a large number 
of nodes with an increased frequency is 
more accurate of application to this 
problem than is Timoshenko’s equation. 

MacNiNBRT Noisb in Buili>ings 

J. A. Jackson discussed this subject 
and explained that a much closer co¬ 
operation between the electrical industry, 
the architects, and the consulting engi¬ 
neers would be needed to solve completely 
the noise troubles which arise in buildings. 
With a tendency to reduce building cost 
resulting in a lighter type of construction, 
this problem within the past few years 
has become increasingly difficult. Thin¬ 
ner walls, floors and ceilings vibrate more 
readily and aet as soimding boards. 

Lightning 

P. E. Andrews, discussed this subject 
and gave data obtained by the perform¬ 
ance of 182-kv. lines which substantiated 
the value of groxmd wires for preventing 


types of cable it might even be of a larger 
percentage. He suggested that the equa¬ 
tions in the paper should be analyzed to 
doteimine the effect of the omission of this 
factor on the results. 

R. W. Atkinson discussed “Proximity 
Effect in Cable Sheaths” particularly 
formula (7) of the paper which related to 
sheath losses in three-conductor cables. 
He analyzed this formula transforming it 
into a convenient fom of application and 
presented an approximate sheath-loss 
formula for three-conductor cables which 
gave values for sheath loss but from 2 
per cent to 5 per cent higher than that 
obtained from formula (7) in the paper. 

Motoes—^Tbansvobmbbs 


Floodlighting at Sea 



C. G. Veinott discussed “Cusps in the 
Speed-Torque Curves of Induction Mo¬ 
tors.” He believed that quantitatively 
it would be more aeourate to assume the 


TOWEBING 128 ft. above the watw line, the floodlighted funnels of the new 
42,500-ton Canadian Padfle liner “Empress of Britain” ace espeeted to be 
visible for 30 miles. 


June 1981 
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mt^rrupfiona. Lines’ of double-oirouit 
^el-tow€^ oonsferuotion with only & 
singj© groiuid ■ wire over single-eireiiit 
porti^ohs. of these' lines had on the average 
3.78 interraptions per 100 mi. per year 
while parts of thm lines whioh 
double circuits with a ground wire above 
ea<A circuit had only an average of 1.10 
interruptions per 100 circuit miles per 
year. 

L. V: Bewley discussed Mr. Peek'^ 
"Mghtning"’ and e3q)lained'that 
by tying down into a single set of cuhres 
(Pig. 6) the seven main factors which 
ohafactern^ the magnitude and shape of 
induoed-yol^ge waves due to a lightning 
dischttf^; it cohsti^ted an outstanding 
contribution to'^ the present kiiowledge 
of magnitudes of induced'strokes. By 
hubthemaiical demiohstration be illus- 
t^te^ the application of these equation^ 
iri the "Appendix of Mr. Peek’s paper tb 
a specidc ease. 

LtCHTNlNO vs. LiNB PbOTBCTION 

- K. B. MoEaohron discussed’lUghtiiing 
Bisohari^s and Line Protective Mea¬ 
sures” arid in connection with the authors! 
versions of the mechanism of 
strokes he beheved it would be helpful if 
the authbra could give a more detailed 
erplaaiafion of jiist what' they believed 
happened during the interv^ just befbre 
and after lightning strikes. Another 
point in his discussion referred to the 
separations between" line arid ground 
wires as shown in Pigs. 3 and 4 of the 
paper; these he believed were uimeoes- 
sarfly large sinpe numy, lines abniift.1. to 
that shown in Pig. 4 but with much 
sipalto dear^ccs between line and 

wires;an 4 low tower-footing ..jre- 

fistance.. haye * exoeUent opemting 
records. ;;; 

J. j. Torok’s discussion of “Lightning 
Discharges and Line Protective Mea¬ 
sures” was read by J.H. Cox. To supple¬ 
ment the general treatise of the paper the 
results of calculations of the effects of the 
towtff on the ifCfleotions of traveling waves 
Were mustrated with lantern sKdes^ Mr. 
Torok also e^lained that the analysis 
end accompanying curves as presented in 
paper were of considerable imi>ortaiic6 
w they give for the first time a clear 
in^ht Into the happenings , on a trans- 
rirission line at the time it is slyaok. 

BxPXBIiaSNTAL ^OBTNlNCi StTJDISS ' 

^nssed^^’Biperu^ 

wudi^ jtt ^hAn^topcgatioji of Li ghtnji^ g 

lobular reterenebtP'W'^eai^^W- -• 
elusions about the counterpoise. He 
^M^ted data from tests and equations 
wh^^^bBtantiat«dtto;^Ba^ tiiat thdl 

of a oount^ise was areductlon in true 

m 


grounding resistance, and that the surge 
iriipedance and reflections are quite sub¬ 
sidiary effects. These re^ts indicate 
that a given length of wire is most 
efficiently employed as a counterpoise by 
using it as a ntimber of short lei^hs in 
parallel radiatog out from the tower 
rather than as a single length. The 
dheotiori of the counterpoise it was 
thoi^^t has no particular virtue. 

J.^ H, Cox discussed “lightning In¬ 
vestigations on Transmission lines— 

He believed that these data were gratify¬ 
ing as they indicated the benefits derived 
from the use of a ground wire. He 
commended also the results contained in 
Table I on the use of ^buried cable to 
reduce tower-footing resistance. On the 
other hand he cited reasons why he did 
not agree with the authors that^ a direct 
stroke to a line conductor would provide 
necessarily sufficient voltage for insula¬ 
tion breakdown. • ' - ' * 

Do Stebabibbs Build tip on Down? 

^ B. McBaohron discussed the mech¬ 
anism of the lightning stroke and the 
probability of disohaiges proceeding from 
the tower to the cloud when the doud is 
negative. In the %ht of present evidence 
he beheved that in order to obtain definite 
evidence from which to build up an 
adequate theory further study should be 
given to the determination of the manner 
of ~propaga|tion of discharges. 


i93t Ljmme Medal 
Nomineiipns Must 
be Made by October '1- "• 

Spedal fttt^ntioii is direct^ to th« ^t 
tliat the namra of Jbistitnte Jttembers who 
are considered eligible candidates for the 
Lanune Medal to be avai<ded in theFaU 
of mi may be submitted by aiy m«n- 
ber in accordance witii Section I of 
^ole VI of the By-Jaws of the 
Medal Committee, as Quoted in the 
following: #. 

The committee shall cause to be published In 
one or more issues of the A, I. B. B. JounwAi. 

year, preferably including the June issue, 
a statement regarding the ’^Lamme Medal** 
and an invltatlou for any member to present 
mewtMT of the Institute by 
Oetobw .l the natne of a member gs a candidate 
if n 5?^ a^eompanied by it jrtatement of 
hie m^ntori<ms achieVeinent' a^ th<r]|kD^ 

Each nomination should give concisely 
the specific grounds upon which the award^ 
atiri <iomple«:d¥6La d 
tftat^ebS; ef thc-^aohievfim^i* 
nominee, to enable the^f^Ccrixrilltt^t<y 


determine its' significance as’' compared 
with other candidates’.. If the work 
the nominee has been cf a somewhat 
general character in cooperation with 
others, specific infortnation should be 
giveri. regarding his individual contri¬ 
butions. Names of endorsers should be 
given as specified above- 
The Lamme Medal, founded as a result 
of a bequest of the late Benjamin O', 
Lamme, chief erigin^r of the Westing- 
house' Eleotrio^ MfgJ Company (deceased 
July 8, 1924), prevides for the 
award by the Institute of a gold medal>^ 
together with bronze replica thereof—to 
a member of the A. I. E. E. “who has 
shown meritorious achievement in the 
development of electric^ apparatus or 
m^hinery;” for th^. award of two such 
medals-jn some years if jbhe accumulation 
of funds warrants. 

The third (1930) Lamme Medal has 
been awarded to Dr. William James 
Foster - (F ’16) consulting engineer, (re¬ 
tire), General Eleetrio Company, Sober 
neotady, N. Y., “for his contributions to 
the design, of rotating arc. machinery;” 
presentation to be made during the sum¬ 
mer convention at. Asheville, N.. C.. 
June 22-26,1931. 


Edison Bust Unveiled 
ih German Hall of Fame 

Dedicated to the “spirit of indomitable 
research” the remarkable likeness of 
Thon^ Alya Edison sculptured 'by 
Mrs. Evelyn Longman Batohelder was 
unveiled in the . ^ of Honor of the 
Deutsches Museum, Mi^bh, ’Thursday, 
^^y 7,1931. Bpdrisored jointly by the 
Edison Pioneers and' the Ameriddri 
, Institute of Electrical En^eerS, this 
marble bust (sec Blbctmoal Enqinbbb- 
ing; Jari. 1931, p, 69), was bestowed upon 
the museum at the trine ot its annuar 
meeting presentation being made' by 
H. H. Barnes, Jr., chaihi^ of the joint 
oonmittee of sponsors, and ori fiebalf 
of the eleotrioal' engineers of Ai^ca. 
Resporiser to tiie preseritation ' adchess 
was given by his exceUeni^ Dr. OsOii 
^n Millar, the genius to whoni credit? 
is due for the creation of the museum and 
its development to the pfOtorit inilldtingf 
proploridoiis; Dr. von Mill»r t)aid-tiibute 
to Mr*. Edison “as a 'worid^figtve ^d'as h 
benefactor of humanity.” * ' 

Dr. H. Schaoht, chairman of the board 
of direotdrs of the museum, fotaner presi¬ 
dent pf the l^ichsbank, and spokesman 
f6r Qeta^ mWests dtuWg the dnti^of 
the YoUng Pliin, presided bver a greuri 31^ 
8oni& aitatesmen, scientists, '"Arid 
ffidriUti^ia'Ieadem fronf all 




The Deutsches Museum ha^ arranged 
five rooms in its electrotechnical division, 
one the Hall of Honor and the others 
devoted respectively to historic exhibits 
of transformers, storage batteries, trans¬ 
mission materials, and the industry in 
general. In the Hall .of Hondr there is in¬ 
stalled the first dynamo made by Werner 
von Siemens along with, other eai^ly 
naodels of dynamos. The Edison bust is 
one of ,^o ao<k>rded a position in the 
Hallj the oth^ is that of von Siemens. 
On the'pedestal of the Edison bust is 
inscribed: 

The great Inventor to whom the world is 
indebted for^ pioneering advances in the most 
vaifedi 'fields, of * scientific .and. englneerhig 
endeavor. 

On the pbdestal oi ' the voh Siemens 
there is the ihsorijption: 

The distiDguished dentist and engineer whose 
work created the foundation of electrotechnics. 

The personnel of the joint connhittee 
which, hajn^ed aU . details for the 
A.4 LfE. E« • and the Edison Pioneers 
inoluded as representatives of the Insti¬ 
tute, H.; H." Barnes, Jr. vice- 

president, GenersJ Electric Company, 
chairman; H. P. Charleswbrth (P ’28), 
vice-president, Bell Telephone .I^bpr 
ratories, Inc., and a vice-president 
KL; G. Prank; (M14), 
obnsuliing engineer of New York; and 

C. E. Stephens (M ’22), vice-president 
and northeastern district manager of the 
Westinghouse Electric & Manufacturing 
Company and a director of the A. T. E. B. 
John' W.. lieb (deceased) was the first 
bhairman of the joint committee. Eepre^ 
sehting the Edison Pioneers were Edward 

D. Adams (A ’10), deceased; W. S. Barstow 
(P ’12—Life Member), president, W. S. 
Barstow & Co., N. Y.; G- P. Morrison, 
honorary vice-president of the General 
Elebi^ife Company; and W. H. Meadow- 
croft,, of the Edison Laboratories. . 


Lishtins Pioneer 
Dies on Pacific Coast 

Augtt^s D^ Curtis, president and 
foimder of Curtis Lighting, Xno., died 
suddenly April 29, 1931, at^ Beverly 
Hills; C^oinia, at the a^fe of 65. 

' His passing, culminates a life devoted 
to the art and scidnce of illumination, 
his major contribution being the active 
promotion of indirect ligMiBg{and the 
|pTm|jLai^<m.^of a ^n^pany dedicated^to 
oflighti^’ ..Mr*’pm^ 
TOBt-bonL" at iHawley,']^) ^October :.14, 
ISdfi^tKelsofidfja eoi&tvylphysician 


A. I. E. E. Directors 
Meri in New Yorl 

^ThES regular moetiiig of the bowd oi 
directors ' of the American Instilnite of 
telectrical Engineers was Leld at Institute 
headquarters. New York, Tuesday, May 
19, 1931. Present were: 'preBideni^ 
W. S. Lee. Charlotte, Nl C. 7ics-pre«- 
dente—^W. fS. Rodman, Charlottesville; 
Va. ; C. B. Sisson, Toronto, Ont.; G. C. 
Shalad, Lawrence, KanA; H. P. ckarles- 
wdri^,, New York, N.* Y: 

B; B. Meyer, Newark, N;* J/;*ji''Allen 
Johnson, Buffalo, N: Y.-; A; iM;' Mac- 
Cutcheoh; Cleveland, Giiio;’P: W. Peek, 
Jr., Pittsfield, Mass.? C; El 'Stephens, 
A. E. Knowlton, R. H. Taipsebtt, New 
York; N.'Y.; A. B. Cooper, Toronto, Ont. 
Nati4mal fneosurer—W. IJ Sliehter, New 
York, N. Y. Natimal secr^ry—P. L. 
Hutchinson, New York, N. Ya 

The mintites of the 'directors’ meeting 
of March 12, 1931, were appreved. ‘ The 
board ratified its executive committee's 
action of April,3, 1931, .in, enrolling 66 
Students; electing 128 Associates, 6 
Members, and 1 Fellow; transferring 16 
to Meml^r grade and 6 to Feilow.grade. 

Reports of board of examiners’ meet¬ 
ings of March 25 and Aprfi 29 were 
presented and approved. Upon the 
recommendation of the board of examin¬ 
ers, 138 Students were enrolled; '87 
ijssooiates were elected; 6 Members were 
elected; 6 applieants were transferred to 
the grade of Member. 

Approval by the. finance committee, for 
payment, -of monthly bills amounting to 
130,268.77, was ratified, - * 

The national secretary iepoi^d* 1,805 
members in arrears for dues for the fbacal 
year which ended April 30,1931,* and was 
directed to transfer th^ir nkihes from the 
ipailing list (after the. distribution pf the 
June and July issues of Elbcteical 
ENQ iNBBBiNa) to A ‘’sttfipeuded” list, and 
to employ the Usual xaethpds of cbUectipii; 
these dues and resto^g the members, to 
the active membershipLlist. . - ^ 

The annual report of the board of 
directors to the membei^p for the, fiscal 
year which ended April SO, 1931; as pre¬ 
pared under the direotion ofthe national 
secretary, was considered and approved 
for presentation at the annual meeting of 
the Institute at Asheville, N. C^, June 22. 

The national treasurer - presented a 
report covering the fiscal year jUst closed. 
Annuid reports of the general st&iding 
pominittees (excliisive of/the reports of 
the technical committees', wifiohjmll .be 
p^ented at _the, smnmer convention in 
JunejYe^p^ecei'irei 
reports'were insoorpor^^ jq. the bpfurd <if 
directors’ annual report;. * - .a ^ t 


The national secretary submitted ia 
report relating to several proposed Insti¬ 
tute aetmties and upon his recommenda¬ 
tion the president was authorized to 
appoint a special committee to study and 
report upon present and proposed Insti¬ 
tute policies. 

Authorization was given to the meet¬ 
ings and papers committee to schedule 
two papers by non-members for the sum¬ 
mer convention. 

The report of the committee on avbird 
of Institute prizes, of the awards made 
covering the year 1930, was presented 
abdaccepted. ^ * 

Upon' the recommendation of the 
standards committee, (1) approval 
fiSven to anfinor rovisidn of A. I. B: E. 
Standard No. 26 on “Automatic Statione,” 
made by the committee on automatic 
stations; (2) approved’for presentation to 
the American Standards Association .for 
Gonsideratibn as an American Standard^ 
“Symbols for Mechanics, Strnotural Engi¬ 
neering, and Testing Materials,*’ prepared 
by the sectional committee on scientific 
and engmeering symbols and abbrevia¬ 
tions. As a member-body of the Ameri'^ 
can Standards Association, the Institute’s 
approval was given to proposed revisiqins 
of the constitution of that organizatipn. • 

. A report was presented of a special 
committee appointed ux)on the recomr 
mendation of the delegates’ conference at 
the IQSO.suquner convention, to consider 
membership grades in the Institute (below 
that of Member), entrance and^tnoisfer 
fees^ etc. .This report, in effect, repom* 
mended that no change be made,at this 
time, in the present airangement of m- 
olucfing all members below the grade pf 
Member iu the single grade of Assooiat^, 
and that the entrance and transfer fees 
iww in force bo continued. Report 
approved. 

^ In accordance with Section 37 of thP 
Institute’s cPiutitation, consideration triis 
given to the appointiuent of a national 
secretary^ for the administrative year 
bagmning Att|pst 1, 193j:. P. L. Hutch/ 
iiusom present nation^ secretary, was * 
reappointed, and a resolution was^adoptdd 
expressing the bond’s appreciation of tiie 
valileofbissemcPs: - 

As a'lfesult of a tofiamunioatioii fcoin 
the Polish Asso^tiPni of Electrical 
Engineers, suggesting cooperation, the 
secretary was authorized to make arrange¬ 
ments :vnth that organization for >.'the 
exchange of membership privileges; ;fdr 
^visiting members, similar to the arrange¬ 
ments im force with several other foreign 
bngineeringsacieties...j. ?-»;■ ... .,i 

'An> invitation, to seniP delegates iM»ithe 
Fourth Pan American OPmmeroiar Gou^ 
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ferenoe, in Washington, October 5-12, 
1931, was accepted and the president was 
empowered to appoint the delegates. 

Other matters were disonssed, refer¬ 
ence to which may be fonnd in this and 
future issues of SxiBotbioal Bnqinsbbing. 


Institute Priz Awards 

Announced for 1930 Papers 


Who Received 
The First E. E. Degree? 

Recent efforts upon the part of Insti¬ 
tute headquarters to answer the question 
as to what American college was the first 
to award a degree in electrical engineering 
resulted in the coDection of the following 
interesting information: 

The 1^8 College catalogue for 1882- 
^ contamed an announcement of a course 
in olMtrical engineering arranged in con- 
nation with other departments of instruc¬ 
tion extending over a period of three 
years and leading to a special degree. 

In June 1883, F. S. Pearson received a 
degree in civil engineering at Tufts Col¬ 
lege, and in 1886 he was awarded a new 
diploma containing recognition of the 
fact that he had completed the course in 
electrical engineering. Thus, while the 
use of the eaq^ression “electrical engineer^ 
ing*^ in connection with a degree was first 
used at Tufts College in 1886, it was 
made retroactive by the issuing of a 
new diploma. 

Lehigh University announced in its 
catalogue for 1883-84 a special advanced 
oourse in electrical engineering requiring 
one year for completion. The first class 
entered in the foU of 1884 and completed 
the work in June 1885, receiving oertifi- 
oates but not degrees. The first degrees 
in electrical engineering at this university 
were awarded in 1891. 

The Massaohnaetts. Institute of Tech¬ 
nology announced August 1, 1882, the 
establis^ent of a four-year curriculum 
In electrical engineering under the admin¬ 
istration of the department of physics, 
i>egiJming with the opening of the 
^academic year 1882-83. Two degrees for 
completion of this ourrienlum were 
awarded in 1886. 

The Cornell University curriculum in 
electrical engineering was established 
early in 1883 as an oflfehoot of the depart- 
ment of physics, and the first degrees 

were awarded in 1886. 


Tour national prizes for papers sub¬ 
mitted during the calendar year 1930 
have been announoed by the committee 
on award of Institute prizes, which com¬ 
mittee consists of A. B. Knowlton 
(P ’80) chairman, L. W. Chubb (P *21) 
end W. S. Gorsuch (M *17), These 
prizes in each case consist of $100 in cash 
and suitable certificates; in cases of joint 
authorship the cash to be divided. 
Personal presentation of the prizes will 
take place at the first session of the 
Institute*s summer convention at Ashe¬ 
ville, N. C., June 22-26,1931. 

District prizes as announced by five 
Districts include ten awards of $25 each 
together with appropriate certificates. 
As in the case of the national prizes, 
where there is a joint authorship the 
awards are divided. 

National Prizbs 


Dzstbiot Pbizbs 


District No. 1 

First prize swarded to J. B. Olem (M *30) for 
hSa paper ‘‘Arcing Grounds and Effect of Neutral 
Grounding Impedance** presented at the North 
Bastem District meeting, 8i>rlngfleld. Mass 
May 7-10,1930. 

Initial-paper prize awarded to P. R. Longley 
(A *25) for his paper “The Oalcolatton of 
Alternator Swing Ourvee** presented at the 
North Bastem District meeting, Springfield 
Mass,, May 7-10,1930. 

Branch-paper prize awarded to F. K. Fischer 
for his paper “Magnetic and Electrical Proper¬ 
ties of Some Ohromlum-Steel Alloys** presented 
at the student Branch convention, Springfield. 
Mass., May 9,19$0. "hsuwo. 

District No. 6 

Branch-paper prize awarded Jointly to J. R. 
Outt and B. H. Pemberton for their paper 
‘Neutral Grounding Reactors for. Power Sys¬ 
tems** presented at a Joint mAAMwg of the Uni¬ 
versity of Colorado Branch and the Denver 
Section, April 18,1930. 


First prize for theory and research, awarded 
Jointly to R. H. Park (A ’27) and W. F. Skeats 
(A *27) fop their paper “Circuit-Breaker Re- 
covery Voltages** presented at the Middle 
Bastem District meeting, Philadelphia Pa 
October 18-15,1980. 

First prize for engineering practise, awarded 
to V. M. Montsinger (F*29) for his paper 
“Loading Transformers by Temperature** 
presented at the printer convention. New York 
January 27-81,1980. 

Honorable mention was made of the paper by 
W. B. Klrke (A *19). “The Calculation of Cable 
Temperatures in Subway Ducts** presented at 
tile North Bastem District meeting. Springfield 
Mass., May 7-10,1930. 

No prize was awarded in the field of public 
relations and education. 

NATIOKAIr PbIEB VOR ImITIAL PaPSB 


District No. 8 

First prize awarded Jointly to F. B. Terman 
^ ’18), D. B. Chambers (A *30). and B. H. 
Fisher (A *30) for their paper *‘Harmonic 
wneration by Means of Grld-Ctroult Distor¬ 
tion presented at the Pactfio Coast convention 
at Portland. Ore., September 2 - 5 ,1980. 

^norable mention was made of a paper by 
B. R. Stauffacher (M *26) “Development of a 
Relay Protective System on the Lines of the 
Southern Oallfomla Bdlson Company, Ltd.*’ 
presented at the Padflc Coast convention, 
Portland. Ore., September 2-5.1930, 


uogroes in eleotrioal engineering will be 
dwply appi«<^ted by the Institute 
Quertera staff. Ad4lies8 eonespondeiMM 
to Heniy H. Henbne, assistant natioiud 
A. I. B. B,, 33 West 39tb St., 
NewToi*,N.Y. 

4 ^ 


Initial-paper prize awarded Jointly to B. B. 
Georg© (M ’29} and R. H. Bennett, Jr., (A *25) 
for their paper “Directional Ground Relays** 
presented at the suinmer convention. Toronto. 
Out., June23-27,1980, 

Honorable mention given to E. T. J. Brandon 
(F *20) for bis paper “The 220.000-Volt System' 
of the Hydro-Blectric Power Commission of 
Ontario** presented at the summer convention, 
Toronto, June 23-27. 

Nastokai* Priss fob Bbabob Papbb 

Branch-paper prize awarded Jointly to J. R. 
Outt and B. H. Pemberton for their i>aper “Neu¬ 
tral Grounding Reactors for Power Systems** 
presented at a Joint meeting of the University of 
Colorado Branch and the Denver Section 
May24,1930. 

Honorable mention made of the paper by 
G. W. Barnes “A Vacuum-Tube Wattmeter** 
presented at a meeting of the Oregon State 
College Branch, May 24,1930. 


District No. 9 

First prize awarded Jointly to F. O. McMillan 

^ their paper 

The Influence of Polarity on High-Voltage 
Discharges’* presented at the Padflc Coast 
convention, Portland, Ore., September 2 - 5 , 
1930. 

Initial-paper prize awarded to B. O. Goodale 
(A 27) for his paper “Errors In Power Metering’* 
presented at a meeting of the Seattle Section. 
May 20.1930. 

Bn^-paper prize awarded to Lowell 
Hollingsworth for his paper “A Visual Lichten- 
beig Figore Voltmeter*’ presented at a meeting 
of the Oregon State OoUege Branch. Mav 24 

^ Coast convention! 

Portland. Oregon, September 2-5,1980. 

^norable mention was made of a paper by 
,H, D. Gto'Ison and L, B. Steele, “The Develop¬ 
ment of a Tesla Coil,’* presented at a Joint 
mee^ of the Seattle Section and University of 
Washington Branch, April 15 .^ 1930 . 

District No. 10 

First-prize awarded to T. R. Rosebrugh 
(A_^D for his paper “The Analytics of Trans- 
mission Oalcu^tions** presented at the summer 
convention, Toronto. Out., June28-27, 1930 . 

EiBcmcAL Enoinebbing 



Initial-paper prize awarded to T. R. Bose- 
bmgh for bis paper ‘'The Analytics of Transmis- 
misston Oidcalattons** presented at the summer 
convention. Toronto, Ont., Jrme 23-27,1930. 

y. D. I. Celebrates 
Its 74th Anniversary 

On May 12, eelebrating the seventy- 
fourth year of Its existence, the Verein 
Dentsoher Ingenieure unveiled at Alexis- 
bad, Germany, a statue as a memorial to 
its founders and their aim **to coordinate 
the efforts of the best technical brains 
for the benefit of the whole industry of 
the country/* Today the V*. D, 1. has 
31,000 members in 53 districts and 
29 local branches in Germany besides 
three foreign branch societies, one each 
in China, Argentina, and Japan. 

In addition to this memorial the 
V. B. 1. annual meeting to be held at 
Cologne June 27-29 will be in the form of 
a jubilee celebration, although true to its 
traditions as a scientific body, scientific 
events will be the chief attraction. A 
lecture on radiation problems, empha¬ 
sizing the relation between engineering 
and modem physics will be the principal 
item of the program. 


Coffin Fellowships Awarded 
to College Graduates 

Nine college graduates have been 
granted fellowships for the collegiate year 
1931-1932 by the Charles A. Coffin 
Foundation, a creation of the General 
Electric Company. The fellowships are 
to enable the recipients to engage.in 
technical research and post-graduate work 
in various educational institutions. The 
recipients are: 

J. L. Ondey, of Winfield, Kan., graduate of 
University of Wisconsin, to study at that 
institution. 

B. R. Postel. of Oleghom, la., a senior at 
Universi^ of Illinois, to study at the University 
oflowa. 

A. P. Gagge, of Richmond, Ya., graduate of 
University of Virginia, to study at Yale. 

G. H. Fritzinger, of Bryant, Ind., graduate of 
Wittenburg College, to study at Purdue Uni¬ 
versity or at Massachusetts Institute of 
Technology. 

H. B. Darling (Assoc. Student, A. I. R. R.), 
of Pawtucket, R. I., graduate of Brown Univer¬ 
sity, to study at that institution. 

J. P. Fugassi, of Pittsburgh, graduate of 
Carnegie Institute of Technology, to study at 
University of Wisconsin. 

O. O.' Simpson, of Champaign, Bl,, graduate 
of University of Illinois, to^^study at that 
Instltntion. % * 


M. Nelles, of Madison, S. D., graduate of 
University of South Dakota, to study at 
Harvard. 

D. H. Sloan, of San Francisco, graduate of 
Washington State College, to study at Univer¬ 
sity of Oalifomia. ♦ 

Of these men two, Simpson and Sloan, 
received fellowships under the Founda¬ 
tion last year. 


^Plan Your Vacation to 
Include Tahoe Convention" 

As the plans for a splendid technical 
and social program for the A.LB. B. 
1931 Pacific Coast convention at Lake 
Tahoe, California, Aug. 25-28, are reach¬ 
ing the final stages, added inducements 
have developed unexpectedly. These 
combine with the many program features 
to make attendance at the convention 
doubly desirable. 

Members of the Institute who plan to 
combine work and play in their vacation 
schedule by attending the convention 
may spend the week preceding or follow¬ 
ing the convention at Tahoe Tavern with 
the low convention rates applying during 
their entire stay. Since the management 
of Tahoe Tavern has offered the oonven- 
tion the attractive rates of $7.00 to $8.00 
per day per person, American plan, many 
members are planning to take advantage 
of this splendid opportunity to spend the 
wedc-end before or afto the conven¬ 
tion enjoying the famous Lake Tahoe 
scenery. 

For those traveling by automobile, 
several scenic routes are available through 
many points of historic interest. Rail¬ 
road transportation to the convention is 
by the Overland Route of the Southern 
Pacific. Low summer round-trip fares 
with attractive stopover privileges are 
available from all parts of the country. 


Light 

and Vision 

The February 1931 isue of the Trans¬ 
actions of the Illuminating Engineering 
Socieiy contains an analysis of the litera¬ 
ture coneeniing the dependency of visual 
functions upon illumination intensity 
compiled in the form of a report prepared 
for the national committee on industrial 
lighting of the national Research Council 
by Dr. L. T. Troland, Lecturer on Psy¬ 
chology, Harva^ University, Cambridge, 
Mass., and Head of Research Depart¬ 
ment, Technicolor Motion Picture Corp., 
Boston, Maas. 


Prof. J. W. Barker (F *30, dean of the 
Columbia University school of engi¬ 
neering) in an editoriiJ, in the same issue, 
says in part: 

*‘ln the paper which forms the body 
of this issue of the Transactions^ Dr. 
Troland has assembled a bibliography of 
more than nine thousand sources j^m 
which he has critically analyzed and 
correlated the contents. Many portions 
of this analysis will be of great interest 
and assistance to the practical engineer, 
and the analysis in its entirety will serve 
as a compendium of reference material to 
which we may refer as an analytical 
background for much of our specialized 
work.” 

The scope of this analysis is indicated 
by the headings given below, taken from 
the table of contents of the report in 
question: 

Table of Contents 

l. Preface 

U. Method and scope of literature search 

m. Abstract of the literature bearing on 
the dependencF of visual functions upon Inten¬ 
sity of the stimulus 

1 . (General survey of the problem 

2. Absolute sensitivity to light 

References on absolute energy and 
brightness thresholds 
References on areal relations of the 
thresholds 

References on light and dark adaptation 

3. Fechner's law: discrimination of reflec¬ 
tion coefficients of laj^e areas 

References on brightness discrimina¬ 
tion threshold 

4. Dependency of visuiU acuity upon illumi¬ 
nation intensity 

References on visual acuity, general 
References on visual acuity as a func¬ 
tion of intensity 
References on glare 

3. Speed of vision as determined by intensity 
References on speed of vision 

C. The dependency of color vision ijijKm 
Intensity 

References on color and Intensity 

7. Oculomotor functions, eye-strain, fatigue 
and Injury 

IMerences on the pupil and other 
oculomotor functions 
References on eye^straln and fatigue 
References on injury to the eye due to 
light 

8 . The influence of illumination intensity., 
upon practical operations 

References on illumination intensity 
, . and i>ractical operations 
Miscellaneous references 

9. Summary and condluslon 

Prof. Barker, in closing his editorial, 
says: publishing this analysis the 

lUujninating Engineering Society feels 
that it is making available to the world 
a monumental piece of work for which it 
thanks Dr. Troland the National Re¬ 
search CounciL”—An Illumination I tern** 
contributed by Q. 8. Merrill, chairman 
A. J. B. E, committee on yroducHon and 
pplieation of light, Nda Park, Clevdand. 
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R. E. Doherty Accepts 
Yale Professorship 

R. E. Doherty (M *27) for many years 
Gonsiiltmg^ engineer of the General Elee- 
trie Company, Schenectady, N. Y., and 
formerly a personal assistant to Dr. C, P. 
Steinmetz, will become professor of eleis^ 
Weal engineering at Tale Unirersity this 
fall. He will succeed Prof. C. P. Scott 
(BM *29 and past-president) whose re¬ 
tirement takes place a year from this date. 
Mr. Doherty is a graduate of the TJni- 
veraity of Illinois. Prom the student 
training course at Schenectady, he worked 
for two years in the Gleneral Electric Com¬ 
pany’s testing department; then joined 
the a-e. en^eering department as propo¬ 
sition designing engineer. His work 
atteacted the attention of Dr. Steinmetz 
and in 1920 he chose Mr. Doherty as his 
auistant. During this period of service 
with the ’^electrical wizard** he was doing 
postgraduate work at Union College and 
in 1921 he received his master of science 
degree. In 1922 he became the com¬ 
pany’s consulting engineer im‘d as such 
achieved monumental record. In addi¬ 
tion to his consiilting work he has had 
<diirge of the company’s advanced course 
m engineering, a three-yeitf course in 
esi^ engineering specially planned for a 
mall selected group of ooUege graduates. 
He was a member of the G. B.'s general 
Mueation committee and is deeply 

interested in all educational matters. Por 

three years (1918-19 and 1926-28) he 
««ved on the Histitnte’s educational oom- 
mttw. He has been a member tdso of 
tta A. I. B. B. committees on eleotro- 
pl^M (1924r28) and power transmission 
•nd *8«bution C192B.29) ; during the 
1926-77 he served as chairman of 
the a^ncotady local Section. He has 

^tnbutod much also-to technical litera- i 
tore. . 



B. E. DOHBBTY 

North Eastern District 
1930 Priie Winners 


S. M. KINTNSR 


J. B. OLJBiM 


* Wmbr (M ’IS) for some time 

h^?iJ!?^*®^***®* ^ Westinff. 
Iwnw BIcetno and Manufacturing Cem- 

P^was deoted its vice-president in 
o ' peering at the April 29 
boerd. He succeeds 
^ > 13 ) company 

viee-ptesident in ohajge of 
“ Institute member, Mr. 

^*-lS*reaeaiS^ 7 ^**^ telephony 
ta «-.> 1027-29; repteseutative 

«d ou the board of 
w Institute prizes 1929 ^^ . : 


^ P. K. PiscHBR, si member of the 
^ A*. I. B. B. student Branch at Rehsselam^ 

^ Polyteohnio Institute received the 1930 
g Br^ch Paper prize for his paper “Mag- 
^ netio and Blectrical Properties of Some 
^ Chromium Steel Alloys**: presented as a 
j part of the program of the North Bastem 
5 meeting; at Springfield, Mass., 

^ and the basis of the thesis upon which 
^ Pischer earned his E. B. degree at 
tune of graduation. June; 1930. -This 
, ^esis has since been published as a 
Rensselaer Polytechnic Institute BuJle^ 
tin, Bngineeri^ and Science Series. 
m Ji^ Mr. Pischer joined the student 
Tert Course-of the Westinghouse Electric 
^d-Mimuf^turing Ckinipany at Bast 
Rttsbi^h and at presmit is a; member 
of ^e Westinghouse Mechanical School 
w Design run in cooperation with the 

« 

. j. E. Clbm (M ’30) received the 1930 

Paper prize of the North Eastern 

Grounds aud Effect of Neutral Ground^ 
Imp^oe” presented at the Springdeld 
meet^ of the Itis^ct in May, 1930. 
Mr. dem was graduated from the Uni¬ 
versity of Colorado in 1910 wia the de- 
^ of B.8.iuE.B. During the summer 
of i^t yew he joined General Bleotrio 
staff in eoheneotady, N. T. Li 1922 he 
*0 rapwvise the initial 
relation of 164-kv, transformers in 
io 1926 to beoome 

^ depaatoent at Soheneota^. Mr. 

IS the author of several Institute 
papery andiB active in Institute affairs. 

Ba^ D^triot’s 1930First Paper ' 
^ for his paper “The Caloulation^ i 

^"“eley Tras graduated < 
ii»E.B. During that 8ummer. .he joined 1 


the General Electric staff in Scheneoliidy 
where he spent time “on test’’.and sub¬ 
sequently in- the a-o. engineering depart¬ 
ment.. ^ter, in the eentral station 
engineering department he made a special 
study of stobility problems. Mr. Lungloy 
left t^e employ of the General Blootrio 
(^mpany in July, 1930, to become wso- 
ciated vnth the Western Massaehusotls 
Companies with headquarters in Springr 
field. 


B. M. JoMiis (M *24) genend engineer 
of the Duqnesne light Comiwny, Pitts¬ 
burgh Pa., has beoome the comp ny’s 
planning ongiiieer, and as such will bo 
dnreotly responsiblo for the planning aud 
dcTOlopment of the Duquesne system as 
weU'as the preparation and admiuislra- 
raon of the capital improvement budgot. 
For many years Mr. Jones has taken an 
Mtive part in Institute affidrs as mombor 
ox tee relay subcommittee and 'the. oil 
«ro«it breakers, switches, and fuses subr 
co^^ of the protective devioes com- 
nuttee (stiU serving); and themomborship 

TOinmtteeofthePittsbuighSeotion.. He 
^ done considerable work in oonneotion 
with the commttee on Uniform procedure 
for ^tmg oil oirouit breakers for inter, 
repl^ opacity; was joint author with 
presentation of 
<^und Relay Protection for Trans¬ 
mission System’’ at the Detroit A. 1. B. B 
SBnuncr convention. . * 


the newr president 
of the Central Blectrio Railway yrnsttir 
Meehanios’ Assodaldon, Toledo, Ohio. 
^ success as superiutendent of the 
^^t. Strwt Railway Company hal 
hm «aiiueut in mephanical and 
deoto^ engineering eirdeein OindimaU, 

as did his wo* on the stendmg odnimitia« 
of tlm Ittslitute’s local Seotion there-^ 
a^ has served tvri<^ on the A. I. E B 
wmmatmg «wndttee..' ^wo ,yea* am 
h« was deoted vic%-pterident < of the 

Elbctricajj Engxmrbbing 






F. R. LONGLiEY P. K. PISOHBR R* W. B. MOORB 


Master Mechanics* association, and its 
program committee chairman. 


, ChBSTBR LlCHTBNBBRfS (M *13) whO 
has been intimately , identified with 
technical committees of thjS Institute, the 
N. B. L. A., N. B. M. A., and the War 
Pepartment's procurement planning ac¬ 
tivities, recently was appointed engineer 
of the electric refrigeratiop dopartmont at 
the Port Wayne Works of the General 
Electric Company, after nearly twenty- 
five years with that company in the 
development of switchboard apparatus, 
jMtftieuIarly in connection with high- 
Bpeed air circuit breakers, oil circuit 
breakers, and selective protective relays. 


B. A. Olsbn (M *24) formerly vi^ 
president of the Pacific Public Service 
Company and managing head of ite 
public utility properties serving Cali¬ 
fornia, Oregon, and Washington com¬ 
munities, has accepted the position of 
executive vice-president of the Oklahoma 
Natural Gas Corporation with offices at 
Tulsa, Associated with the InsuU inter¬ 
ests Mr. Olsen held similar office with 
the Florida Power Corporation and the 
Georgia Power & Light Company. 


serving OR its safety code, production and 
.application of light, and transportation 
committees for 1931, has been chosen 
president of the Missouri Association of 
Public Utilities. Mr. Bettis is at present 
servii^ the Elaiisas City Power & light 
Company as its vioe-president. In 19^ 
28 he was vice-president of the Institute’s 
South West District. 


J. W. Toung (A *22) who as engineer 
of the Narragansett Bleetrio Company 
went to Providence two years ago to 
partioipate in distribution sys^m im¬ 
provement, has been transfenr^d to the 
Boston office of the New England Pow^ 
Association to s^rve as assistant distribu¬ 
tion engineer under W. C. Phillips ,(M *30) 
in charge of the development of retail 
properties of the organization. 


W. H. McGrath (M *20) formerly vice- 
president of the Puget Sound Power & 
Light Co., Seattle, Wash., has been made 
its executive vice-president and C. C. 
Curtis (M *23) previously vice-president 
in charge of the Pall River Gtes Works, 
Pall River, Mass, has been appointed 
manager to supervise the Puget Sound 
Company’s operations in its southern, 
southwestern, and western districts. 


R. W. B. Moorb who until 

June 1 was with the Westinghouse Com¬ 
pany at Bast Pittsburgh, Pa. as manager 
of association activities, has been ap¬ 
pointed by the National Bleetrio Manu¬ 
facturers Association to take charge of 
its publications. Por many years 
Moore was a member of the Electrical 
Manufacturers Council as well as chair¬ 
man of the NBMA Pire Prevention oom- 
mittee. 


- Albxandbr B. Bbttjs fP’26) one of 
the Institute’s directors, and at present 


Thos. B. Pbnabd (A’08) who during 
his many years of service with the com¬ 
pany spemahzed in station design 
anil substation development as head of 
the eleotrioal division of the Edison 
Blectrie lUuminating Company of Boston 
has been appointed recently to the office 
of assistant superintendent of its station 
engineering department. 


Gerard Swora, (P *22) addressed the 
plenary session of the sixth general con¬ 
gress of the International Chamber of 
Commerce meeting May 4r9, 1931, 


Wash^ton, D. C., taking as his subject 
“Regularization , of Bmploynient’*^ and 
pmsenting the various points of view of 
company, trade and industry, society, and 
employe . ‘ 


L. C. Halwn (A *20) until recently 
•meter superintendent for the Westbm 
division of the Niagara Loitowrt and 
Ontario Power Company, has beenma4e 
rural representative of the Angola dis^ot 
in charge of distribution. Mr. Halpin is 
a member also of ihe Western -Society -of 
Engineers. 


Karr Parker CM well fcho^ in 
the Westmghoiise bjfgaihization ad presi¬ 
dent' of that company’s ‘ Agent Jobbe^ 
Association, is the newly elected presid^ii'b 
of McCarthy Bros. & Pord, Buffalo. 
N. Y., Westinghouse jobbers. He suc¬ 
ceeds B. D. McCarthy whose death 
occurred recently, , 


H. T. Edgar (M *28) who entered the 
public utility field in 1^6 as an employee 
of the Edison Eleetiric muirnnating Com¬ 
pany of Brunswick^ N.’J., and for the past 
thirty^twb yfearslassociated 'With Stone -& 
Webster in managerial ^ work exten^ly 
tl^ughout the country, has resigned fi?om 
that organization,' . - 


A. M. Chittt (M ’22) who ^ sUc- 
o^ded R. C. Saunders as southwestern 
district'manager of the Puget Sound 
Power & Light' Company, with head¬ 
quarters at Tacoma, Wash., has a record 
of long standing with these iiterests, 
having been for many years ^pednten- 
dent of the company’s traction properties. 


Frank W. Smith (M *12J vioe-p^i- 
dent and general manager of the United 
Electric Light d; Powot Company, New 
York, N. Y. and a former president of the 
National Bleetrio Light Association, no^ 
is vice-president of the New York Bd^ron 
CJompanyaswell. 

A, R. Nissar (M *16) prinoipia Of 
the Calcutta Teohnioal School, Bengal, 
India, left Calcutta the first week in 
April 1931 for an extend^ trip to France, 
Italy, Switzerland, Holland, Germany, 
and Great Britain. 


J. H. Cebecbdo (A *20) of the firm of 
J. H. Cereoedo & Company, Santuro , 
Porto Rico, Pan-American consultants, 
lias announced the opening of an office in 
the United Bta^ in Chicago, at 105 

^ South La Salle Street, 
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J* S. £dstrom (P ’14) 
tor of Geuoral Sleotrio Company 
interests in Sweden, recently visited the 
United States as a delegate to the World 
Congress of the International Chamber of 
Commerce, Washington. D. a 


R* U* hdANAHAN (M *22) who is chief 
of the Department of Electricity of the 
City of Lios Angeles and for many years 
active in the affairs of the International 
Association of Electrical Inspectors, now 
has become its national president. 

E. R. Phillips (M *27) for some time 
senior vice-president of the Philadelphia 
Company was elected president of that 
company at the April 28 stockholders' 
meeting. 


OLitiMj 


laupy 


Bdwahd Dban Adams (A *10), engi¬ 
neer, financier, scientist, whose vision, 
mdnstry, conrage, and philanthropy has 
niade possible many acduevements of 
outstanding worth to humanity, in- 
duding the conception and development 
of the Niagara Palls hydroeleotric sys¬ 
tem, passed away at his home in New 
York City May 20, 1931. His death, it 
is believed, was due almost directly to 
an automobile accident which occurred 
while he was en route to Morida in 
March. Primarily a financier and pro¬ 
moter of innumerable engineering and 
philanthropic projects, Dr. Adams was 
b^ in Boston, Mass. April 9, 1846. 
Prom ooDege days on, he has been the 
iwipient of almost countless honors; his 
degrees (B. S. 1804, M. S. 1897, LL.D. 
1906 and M. A. 1908) were followed by 
titles of both national and international 
including the Royal Order of the 
of Pmsia (1909) and the MMaflle 
de Reconnaissance of the French *Eepub- 
Im (1921). la 1920 he received the John 
Pntz Medal “for great achievement as 
-an engineer, financier and srientist;” 
he ww patron and Life Member of the 
American Association for the Advance* 
ment of Science; patron and PeUow for 
Me of the American Pine Arts Society; 
PeUow for life of the American Geo- 
^Phical Society; and life Member of 
toe National Geographical Society, the 
•^saohusetts Institute of Technology 
Association, the New York 
A^my of Science, New York Histori- 
M ^dety, Germaniatio Society of 
.Amerh^ New York Botanical Garden 
(OT which he also was manager and past 
offlc^ 1912-19), Society of the Sons of 
toe Revolution, New York Geneologieal 


and Biographical Society; a PeUow in 
Perpetuity of the Metropolitan Museum 
of Art, the Museum of Natural History 
and the National Academy of Design; 
a member of the Edison Pioneers; a 
PeUow and member of the Power Division 
of the American Society of Civil Engi¬ 
neers; a member of the executive board, 
engineering division, and electric insula¬ 
tion committee of the National Research 
CounciL Since its inception he has held 
the chainnaMhip of too Committee on 
Wm Memorial to American Engineers 
which controUed the b uilding and be¬ 
stowal of the worldwide famous eariUon 
installed and dedicated at the University 
of Louvain, Liege, Belgium, July 4, 
1928. As a past-officer and director, 
has induddd in his activities the pro¬ 
motion of few less than a hundred indus¬ 
trial, educational, and charitable organi¬ 
zations. Prom 1922 to 1924 he was 
chairman of the Institute's Edison Medal 
Committee and from 1916 to the date of 
his death has represented the Institute 
on the Engineering Societies' Library 
Board and in the United Engineering 
Trustees, Inc. His membership in 
twenty-seven of the prominent clubs, 
local and otherwise, including the Engi¬ 
neers Club of New York, the Technology 
Club (Life Member), Faculty Club of 
Columbia University, Grolier Club, New 
York Railroad Club, Lawyers Qub, 
MetropoUtan Club, Mendelssohn Glee 
Club, Economic Club of New York, the 
Chicago Club and the Adirondack League 
Club, conveys some intimation of the 
breadth of apphcation of hia activities. 
Science, art, industry, education, and 
charity in every community in which he 
has had his being have benefited by his 
generosity. 


Emergency Fleet Corporation and during 
the war served also as a member of 
civilian board to investigate the efficiency 
of the Navy Yards. In toe winter of 
1917 he attended the war council of the 
Alhes and as one of the Storage Commit¬ 
tee of the General Munitions Board he 
conferred with General Pershing and 
French officials in an effort to. speed the 
transportation of troops and supplies to 
Europe. He was appointed by the Secre¬ 
tary of War to the Depot Board. He 
was engineering advisor to Colonel House, 
a member of the board of management of 
Franklin Institute, a trustee of the Uni¬ 
versity of Pennsylvania, and a member of 
the American Society of Mechanical 
Engineers; also he was a director of the 
Penn^lvania Railroad, the Philadelphia 
Fidelity and Trust Company and the 
United Gas Improvement Company of 
whlcHx his partner Mr. John E. Zimmer¬ 
man was president. Socially, his mem¬ 
berships included the Engineers' Club 
(Philadelphia and New York), the Aero 
Club of America, the Huntington Valley 
Club ^d the Raquette Qub. His con¬ 
tributions to technical literature were 
many and his book “Industrial Plants" 
has had wide circulation. 


Charlbs Day (A ’02) chairman of the 
board of Day <fc Zimmerman, Inc., Phila¬ 
delphia, Pa., and an expert in plant 
operation, died at the University Hospi¬ 
tal, Philadelphia, May 10, 1931 after an 
illness of ten days, with which he was 
stricken a few days subsequent to his 
return from a trip to North Africa. 
Philadelphia was his native city; in boy- 
^od he attended the Germantown 
Academy and in 1899 he was graduated 
from the department of electrical engi¬ 
neering, University of Pennsylvania. 
That summer he worked in the engineer- 
lug department of the National Export 
Expoffltion, later associating himself with 
toe Linlr *RAlt. _ 
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— vximpany. as 

am aeknowledged authority on industrial 
plant equipment and mmiagement of 
pubUo service eoipocations, he leotured 
brfore the Graduate School of Business 
Adminfatotion at Harvard and Columbia 
Pnhrersiries. At the begiuniiig of the 
World War he vm made trustee of the 


S»ANL*T L. B. Lima (M’18) vioe- 
president of the S auga m o Company, Ltd., 
of Toronto, Canada, died athishome there 
April 9, 1931. He was bom in Shire 
Newton, England in 1884, and received 
his early education in Ei^Iish private 
Bohools. \Pith Bro<*ie Pell Lamp Com¬ 
pany, London, he was an honor pupil for 
three years and also attended evening 
<^asses at the City and Guilds Technical 
Institution for another three years. After 
Mmpleting an i^prentioeship with the 
British Thomson-Houston Company, he 
joined toe technical staff of the Chamber¬ 
lain & Hookham Company of England, 
and as its special repretontatiVe traveled 
to almost every known continent, finally 
establishing and managing the Canadian 
branch of the company at Toronto. In 
1919 with Prof. P. M. Lincoln, under 
whose patents the work was largely 
o^ed on, he organized at Toronto the 
Linooln Meter Company, Ltd., (producers 
of a laige ^ of measuring devices) he 
kim^lf acting in the capacity of vice- 
president and manager. In 1930 this 
company was absorbed by the Sangamo 
Electric Company of Canada, the com- 
pany of Mr. Lines' final affiliation. His 
was a long and noteworthy record with 
the electrical industry of Canada, 
conspicuous in conjunction with the 
Canadian Electrical Association and 
his work as a member of its meter com- 
loittee. He was past-president of toe 
Electric Club of Toronto, an Associate 
Member of the Insti^tion of Electrical 
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Engineers in England, a member of the 
Association of Professional Engineers of 
Ontario and belonged to numerous clubs 
and technical organizations. He was a 
survivor of the Lusitania disaster. 


W. S. Richmond (A ^15) secretary, 
treasurer, and general manager of the 
Marseilles Land and Water Power Co., 
Ottava, Canada, died April 11, 1931. 
He was a native of Cheshire, Mass, and 
60 years of age. Upon graudation from 
the Adams High School in 1901, he 
immediately entered upon his tech^oal 
training at Massachusetts Institute of 
Technology, from which he was gradu¬ 
ated with the degree of B. S. in civil 
engineering June, 1905. Early in 1909 
he was first assistant to the resident 
engineer of the United States govern¬ 
ment determining the efficiencies of 
generating units of the Niagara Falls 
Power Company; later that same year 
he engaged in a similar capacity at 
Sault Ste. Marie, Michigan, in connection 
with government tests of plants of LaJce 
Superior Power Company, the Edison 
Sault Electric Company and the Lake 
plants in Michigan. In 1914 the United 
States government engaged him as 
resident engineer in full charge of deteiv 
mining efficiencies of generating units in 
the plants of the Hydraulic Power Com¬ 
pany at Niagara Falls. More recently 
he was civil engineer with the United 
States Lake Survey (of the War Depart¬ 
ment) in charge of government surveys 
of harbors on the east coast of Lake 
Michigan. 


Clark B. Baker (A *21), a member of 
the transportation engineering depart¬ 
ment of the Ceneral Electric Company at 
Brie, Pa., and for a number of years a 
resident of Schenectady, died at his home 
in Erie on May 11 after a short illness. 
He was graduate of California Institute 
of Technology, Pasadena, in 1917 and 
went to Schenectady in June of that year 
on the student training course. In 
September he entered the army engineer¬ 
ing corps and continued in service until 
March, 1919. 

Resuming work at Schenectady he was 
transferred in August, 1919, to the com¬ 
pany's railway engineering department, 
specializing on substation equipment 
applications. In September, 1929, he 
moved to Erie with the department and 
was placed in charge of the substation 
section. 

He was bom at Paw Paw, Illinois, 
December 19, 1894, but the family early 
removed to Santa Ana, California, where 
both parents^now* are living. He is 


survived by his wife. Myrtle Van Allen, 
and two cMldren, a boy of 7 and a girl 
of 6. He* was active in American Insti¬ 
tute of Electric Engineers affairs, serving 
on committees and contributing to the 
proceedings. Interment was at Santa 
Ana, Califomia. 


Robert McRae Wilson (A *24) elec¬ 
trical engineer of the General Electric 
Company, Bloomfield, N. J. and resident 
of Montclair. N. J., died suddenly April 
24, 1931, while in Savannah, Ga. on a 
motor trip. He was a native of Beaufort, 
S. C., but his technical education was 
acquired in the State of New York—two 
years at City College of New York and 
the regular four-year course at Cornell 
University from which he was graduated 
in 1896. The following year he engaged 
with the Hyer Sheehan Electric Motor 
Company of Newburgh, N. Y., for 
eighteen months general engineering and 
estimating work; then he joined the 
Sprague Electric Company at Bloomfield, 
N. J. The next year he became instruc¬ 
tor in electrical engineering at Lehigh 
University, but at the end of one semester 
returned to the Sprague company and 
remained with it after it became the 
Sprague Electric Works of the General 
Electric Company; later the Bloomfield 
Works of that company. Mr. Wilson’s 
term of service, extending over a period 
of thirty years, included considerable 
specialized work on d-c. motor and 
generator design. 


Edward B. Plbnoe (A *22) electrical 
engineer of the waterwheel generator sec¬ 
tion of the Sro. engiueering department of 
the General Electric Company, Scheneo- 
ta^, N. Y., died April 3, 1931 due to 
injuries sustained by being struck by an 
automobile. He was bom in Charleston, 
S. C. in 1886, and was graduated from 
Clemson College in 1907, having com¬ 
pleted its course in electrical engineering. 
In August of that year he engaged in the 
G. E. Test Course at the Schenectady 
works, and in October 1909 joined the 
a-c. engineering department of the com¬ 
pany, where he has remained in continu¬ 
ous service. He has had charge of the 
design work on waterwheel-driven genera¬ 
tors for a number of years during a period 
when General Electric achievement in 
this ffeld included generators for the 
Conowingo Dam, the 66,000-kw. units at 
Niagara Falls, and the 77,600-kw. units 
for the U. S. 8. R« Mr, Plenge’s home 
wae in Scotia, New York, where he was 
held in high esteem by both his profes¬ 
sional and personal friends. He was a 
member of the Edison Club and of the 
Schenectady Country Club. 


McKee Duncan (A *14) consulting 
engineer of Duncan, Young & Company, 
New York City, met with sudden death on 
the public golf course at Van Cortlandt 
Park there. He was 43 years of age. In 
1910 the degree of B. S. was conferred 
upon him by Columbia University; later 
in that same year he went to Europe for 
graduate work in physical chemistry at 
the University of Leipzig. Returning to 
the United States in 1911, he continued 
the study of physical chemistry at the 
University of Wisconsin. His early com¬ 
mercial connection brought him in close 
association with Dr* Louis Duncan as a 
member of the firm of Duncan, Young & 
Pressey, Inc., predecessors of the com¬ 
pany of his last affiliation, and was 
heartily endorsed by him for membership 
in the Institute after a friendship which 
had endured for over twenty years. 


Joseph T. Blondin (A *18) director 
of the Revue G6n6rale de TEIectrioite, 
France, passed away at the home of his 
son in Paris, April 21, 1931* He was in 
the 68tb year of Ins age. Bom in Dieppe, 
he led a most active professional career, 
held in high esteem by his countrymen. 
He was well-known as an electrical engi¬ 
neer, and bore the honorary titles of 
Officer d*Academic, Officer de Tlnstruc- 
tions Publique and Chevalier du Merito 
Agrioole* He was also professor of 
mathematios and professor of physics at 
several of the representative universities 
of Fn^ce, including Orleans and the Col¬ 
lege of Rollins* Many of the French 
technical publications were issued under 
bis directorate. 




A list of members whose mail hsts been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicat them 
at once to the office of the secretaiy at 
33 West 39th St*, New York, N* Y. 

Oqllinot, Makcbl a.. 88 Shernum Ave., 
Newark, N. J. 

DiLnoor, A., Box 1051, Oklcago, Ill. 

Dvanb, Osorqb B.. Otte Elevator Oo., Yonkers, 
N.Y. 

Mokot, V. B., Ohio Mecbanics Institute, Cin¬ 
cinnati, Ohio. 

O’Shba, V.. Jr„ 115 Broadway, New York. 
N.Y. 

Tuwa, O. T., c/o Stone Sc Webster Bngg. Oorp., 
Hopewell, Va. 
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Ponnal discussions presented by Phil Ehren- 
hard, chairman, University of Nebraska Branch, 
and O. B. Bryant. 


Local IVIeoiiiifiS! 


Roricia Section 
Organized 

At its meeting lisid on January 28, 
1931, the Institute’s board of directors 
authorized the formation of the Florida 
Section to cover the entire state. 

This Section held an organization meet* 
ing March 27th, at which the following 
olBcers were elected: Prof. Joseph Weil 
(A *24) chairman; C, S. Hammatt 
(M *23) vice-chairman; R, P. Smith, 
secretary-treasurer; H. N. Fairbanks, 
member executive committee. 

Student Convention 
at Rose Polytechnic Institute 

The annua] student convention of the 
Branches at Purdue University, Univer- 
rity of Illinois, and Rose Polytechnic 
Institute was held at Rose Polytechnic 
Institute April 18,1931; total attendance 
120 . 

The afternoon was devoted to an 
inspection trip to the Dresser plant of 
the Indiana Electric Corporation, and the 
mine operating in conjunction with it. 
Addresses of the evening were: 


Fut, Lkapsr of His Bbancr, Prof. W. O. 
DuVall (M ’20) counselor. University of 
Colorado Branch, Prof. P..W. Norris (M *28) 
counselor. University of Nebraska Branch. 

Formal discussion presented by Nell Sanders, 
chairman, University of Wyoming Branch. 

Tm Bppsot of Bi.BCTBioiTr Upon thb 
Human Bobt, by B. B. Wltmer. Asst. Prof, 
of Physics. University of North Dakota. 

After the completion of the program the 
business meeting of the counselors and an 
informal meeting of the Branch chairmen 
were held in paralle] session. Prof. 
G. H. Sechrist (A *20) chairman. District 
committee on student activities, presided 
at the former. 

The counselors decided that the sixth 
annual conference will be held in the 
spring of1932 at the University of Denver. 

Prof. H. F. Rice (A *21) coimselor, 
University of North Dakota Branch was 
elected chainnan of the committee on 
student activities for the ensuing year 
and delegate to the summer convention at 
AsheviUe. Prof. D. R. Jenkins (A *16) 
counselor, University of North Dakota 
Branch was elected alternate delegate. 

Satuedat Mobninq 


San Francisco Section 
Meets with Branches 

The annual joint meeting of the San 
Francisco Section and the student 
Branches at the University of California, 
University of Santa Clara, and Stanford 
University was held on the Stanford 
campus April 17,1931; attendance 165. 

lu the afternoon visits to engineering 
laboratories and shops were concluded by 
a demonstration of high-voltage dashover 
at the Ryan High-Voltage Laboratory. 

Diuring the dinner held in Stanford 
Union, entertainment was furnished by 
the Branches; an address of welcome was 
given by Theodore J. Hoover, dean of the 
School of Engineering, and Dr. Harris J. 
Ryan (F *23) executive head of the de¬ 
partment of electrical engineering and 
past-president of the A. I. B. B., spoke on 
the establishment of the student Branches 
of the Institute. 

The evening’s technical program pre¬ 
sented by students was as follows: 

VoLTAoa Rboulatobb, by 
Edwin W. Palmrose. senior. University of 
Oalifomla. 

_Dbvblopmbnt of Tblbvision, by Ohartes 
»^ey and Lionel Thorpe. Juniors, University 
of Santa Clara. 


Railway Elbotbifioation, by W. D. 
Bearce {M *30), General Electric Company. 

Thb Ofbration of Labob Blbotbxo Powbb 
Plants, by L. B, Andrus (P * 19 ) president, 
Indiana Bleotrie Corporation. 


Vice-president Evans presided. 

Seoul© Qualifioattons foe thb Gradb of 
Bnrollbd Stu©bnts bb Establish*©?, by 
TOf. B. B. Brackett, counselor. University of 
South Dakota Branch. 


North Central District Holds 
Student Activities Conference 

The fifth.annual conference on student 
activities in District No. 6 was held at 
the University of North Dakota (Grand 
Porks) on April 17-18,1931. Of the nine 
fiohools in the District, eight were repre¬ 
sented by both counselors and cbair mAn, 

Friday Evbninq 


Formal discussion presented by B. J. Shields, 
chairman. University of North Dakota Branch. 

®®CUL© Attbndanob at Stvdbnt Branob 
Mbbwnos bb Madb Compulsory an© Cbb©it 
Givbn for this Wore?, by Prof. H. F. Rice, 
counselor. University of North Dakota Branch 
presented by Charles C. Libby. 

Formal discussion presented by A. Steponaitis. 
University of South Dakota Branch. 

What teb Prospbotivb Employbe Looks 
» oE IN THB Enoinbbbing Gbabuatb, by Prof. 
H. S. Rush (M* 30) counselor, North Dakota 
Agricultural College Branch. 


OOBONA AND Tban 8 mi 8810 n-Linb SuEOBe, by 
Hugh H. Skilling, graduate student, Stanford 
Universily. 

The prize of one year’s Associate’s dues 
in the Institute was awarded to B. H. 
Skilling. 


Past 


Baltimore 


In the absence of Thomas P. Kane 
president of the University of North 
Dakota, the address of welcome was given 
William G. Bek, dean of the junior 
dpition. Dean H. S. Evans (M *09) 
vice-president, District No. 6. responded 
for the delegates and then presided during 
the presentation of the foUowingprogram: 


Formal discussion presented by Almon 
BJerke. chairman. South Dakota State School 
of Mines Branch. 

What Can thb Institutb do Throdgb Its 
Bbanobbs to Infobm High School Students 
OF thb Offortunitub and Nbbd pob Trained 
ELBOTBioALENoxKBBR8,byProf.jr. 0. Kammcr- 
man (M* 20) counselor. South Dakota State 
School of Mines Branch. 


^op<BrtofsuiiuuereonventlozioftheA.I E. 

brtd ^e 1980 at Toronto. Ont., Canada, 
Sechrist (A *20) counselor, Unlv 
ri^of Wyoming Brandh, and chairman of t 
district committee on student activities. 

Pbrsonal Qualitibs WHICB A Bban 
Oha ibman Seoul© Dbvblop to bb a Suocbi 


Formal discussions presented by R. M. 
Partington, chainnan. University of Colorado 
Branch, and H. H. Ward, chairman. University 
of Denver Branch. 

How Best May the Bbanoe Sbrvb in tbs 
Dbvblopmbnt of ItsMbmsbbs as Ekoinbbbs?, 
by Prof. R. B. Nyswander (M *22) counselor, 
University of Denver Branch. 
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The Holtwood Hydraulic Labora¬ 
tory AND Its Contribution to thb 
Dssion of the Safb Harbor Dbvelop- 
hbnt, by G. W. SpRuldiug, Pennsylvania 
Water and Power Co.; 

Construction of the Safe Harbor 
Devblopmbnt, by C. W. Black, The 
Arundel Corp. lnsi>ection trip to the 
Safe Harbor Hydroelectric Project. Joint 
meeting witii the Engineering Societies of 
Baltimore. April 23. Attendance 300. 

Birmingham 

SoMx Aspbcts of thb Scientific 
Wore of Thomas Jefferson, by Pro¬ 
fessor W. S. Roditian, ^University of 
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Vir8:mia, and vice-president. District 
No. 4, A. L B. B. March 20. Atten¬ 
dance?. 

Boston 

Pbrvormancis op Hiqh-Trnsion 
Cable, by P, Malcolm Parmer, Blectrioal 
Testing ^boratories. Buffet supper 
served prior to the meeting. April 24. 
Attendance 100. 

Cl V land 

Human Relations in Industry, by 
Whiting Williams. B. C. Stone, The 
Philadelphia Co„ and vice-president. 
District No. 2, A. I. B. B. gave a short 
talk on Institute activities. Two papers 
were presented by students as follows: 

The Cathodb-Rat OsciLLoaRAPH, by 
J.P.Matyas; 

Bridqe-Oirouit Control op Thyra- 
TRON Tubbs, by L J. Rand. Joint meet¬ 
ing with the Case School of AppHed 
Science Branch. April 15. Atten¬ 
dance 101. 

O lumbus 

Audible Lioht and Visible Sound, 
by John B. Taylor, General Blectric Co. 
Demonstrations. March 27. Attendance 
250. 

Connecticut 

Talks on electrical control of tempera¬ 
ture by 0. H. Hunt, T. P. Herring, J. J. 
Camey, and P. A. Borden, aU of the 
Bristol Company’s engineering staff. 
April 14. Attendance 50. 

Dallas 

Modern Developments in Com¬ 
munications, by S. P. Grace, assistant 
vic^president, Bell Telephone Labora¬ 
tories, Inc* Illustrated. Joint meeting 
with the DaUas Blectric Club. April 13. 
Attendance 340. 

D nver 

Annual College Night at which the 
following p pers were presented by 
students: 

New Ideas for High-Voltaob Cir¬ 
cuit Breakers, by Charles A, Church 
and Neil R. Damon, University of 
Ck>lorado; 

The Lot op Paradat, by Oscar Bear, 
Colorado Agricultural College; 

Variation with Temperature op 
THE Magnetic Properties op Iron and 
Niokbl, by Harry H. Ward and Gerald 0. 
Cannon, University of Denver. April 24. 
Attendance 110. 

Detroit-Ann Arbor 

The 1,000-Deg. Turbine, by Paul W. 
Thompson, Detroit Edison Co. There 
was an inspection of the new Delray 
Power House and the 1,000-deg. turbine. 
April 21. Attendance 250. 

Eri 

Hob oken Bleotripioatio^v op D. L. & 

W. Railroad, by Edward L. Moreland, 
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Jackson & Moreland. Dinner preceded 
the meeting. April 21. Attendance 150. 

Port Wayne 

Saturated Reactor and Capacitor 
Circuits, by C. M. Summers and L. P. 
Hemphill, both of the General Blectrio 
Co. April 16. Attendance 60. 

Indianapolis-Lafayette 

Research and Industry, by B. L. 
Manning, General Blectric Co. Demon¬ 
stration of the thyratron tube. April 10. 
Attendance 280. 

Iowa 

Trend in the Design op Principal 
^ Electrical Peaturbs of Steam Power 
Stations, Substations, and Transmis¬ 
sion Lines, by H. W. Bales, Byllesby 
Engineering and Management Corp. 
Illustrated with lantern slides. April 16. 
Attendance 35. 

Ithaca 

Some Recent Developments in 
Radio Receiver Tubbs, by Walter R. 
Jones, Sylvania Products Co. March 20. 
Attendance 50. 

Lehigh VaUey 

The Home Lighting Story, by 
LUUam B. Eddy, Edison Lamp Works; 

When Blbotricity is the Master 
Servant, by Clara Zillessen, Philadelphia 
Blectric Co. Illustrated. Ladies’ Night 
held at the Hotel Americus, Allentown. 
Pa. 

Los Angeles 

Discussion and demonstration of sound- 
recording and reproduction as practised 
in the motion picture industry. Speakers: 

R. H. Townsend, RCA Photophone Com¬ 
pany, H. 0. Silent and J, H. Prayne, 
Electrical Research Products, Ine. Illus¬ 
trated by lantern slides and talking mo¬ 
tion pictures. April 14. Attendance 426. 

Louisville 

Inspection trip through the Axton- 
Pisher Tobacco Co. May 8. Atten¬ 
dance 55. 

Lynn 

Changing Views op the Nature op 
Matter, by Saul Dushmau, General 
Blectrio Co. March 18. Attendance 460. 

The twentieth annual banquet. March 
28. Attendance 460. 

Discussion on Radio Tubbs, by 0. H. 
Biggs, A. C. Rockwood, G. D, O’Neil, 
all of the Hygrade Lamp Co. April 8. 
Attendance 300. 

Madison 

Modern Blbctboplatino, by J. G. 
Zinunerman, Burgess Laboratories; 

Chromium Plating—The Bleotro- 
PLATB THAT 18 DIFFERENT, by ProfeSSOr 


P* Watts, University of Wisconsin. 
Inspection trip to the Scanlan-Morris 
Company’s plant. April 29. Atten¬ 
dance 27. 

Mexico 

Bbicssen System op Long-Distance 
Telephony, by Helge P. Rest, Bricssen 
Company. April 14. Attendance 22. 

Minnesota 

PACTORS AfPBCTING NoISE INDUCTION 

Between Power and Telephone Cir¬ 
cuits, by P. R. Kappel, Northwestern 
Bell Telephone Co. April 29. Atten¬ 
dance 150. 

Niagara Frontier 

Art in Industry, by D. R. Dohner, 
Westinghouse Elec. & Mfg. Co.; 

Quick-Trip Graphic Meters and 
Their Application, by D. J. Angus, 
Esterline-Angus Co. Illustrated. Elec¬ 
tion of oiiioers as follows: R. W. Graham, 
chairman; E. S. Bundy, vice-chairman; 
G. W. Bighmy, secretary-treasurer, H. B. 
Vidal and G. W. Brooks, members exec¬ 
utive committee. April 17. Atten¬ 
dance 50. 

Oklahoma City 

Telegraphic Pilot-Wire Relay 
System, by J. D. Browder, Oklahoma 
Gas <fe Electric Co. and B« B. Jennings, 
Southwestern Bell Telephone Co. April 
29. Attendance 61. 

Httsbargh 

Blectbio-Arc Pubnaob Installa¬ 
tions, by Samuel Arnold, American 
Bridge Co.; 

Aro-Pubnaob Control, by C. C. 
Levy, Westinghouse Blec. & Mfg. Co. 
niustoted with lantern slides. Joint 
meeting with the Engineers’ Society 
of Western Pennsylvania. April 14. 
Attendance 93. 

Philadelphia 

Speed, Unemployment, and Progress, 

. by William McClellan, Stone & Webster 
Engg.Corp. April 13. Attendance 160. 

Portland 

Application op Vacuum Tubes, by 
A. W. Copley, Westinghouse Blec. & 
Mfg. Co. Demonstrated. Joint meeting 
with the N.B.L.A. Manch 16. At¬ 
tendance 96. 

Waves or Particles, by A. A, 
Knowlton, Reed College. Joint meeting 
with the N* E* L. A. April 21. Atten¬ 
dance 90. 

Providence 

Magic Tubbs, by Prof. F. N. 
Tompkins, Brown University. Dinner 
in honor of the speaker preceded the 
meeting. March 10. Attendance 220. 
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Rochester 


Toronto 


University of Arizona 


New Developments in Vacuum 
Tubes, by Eugene W. Ritter, RCA 
Radiotron Co. Joint meeting with the 
1. R. E. April 16. Attendance 97. 

In Years to Come, by James G. 
Harbord, Radio Corporation of America. 
Tenth annual dinner of the engineering 
societies of Rochester. April 18, At¬ 
tendance 395. 

St. Louis 

Introduction op Higher Speed into 
Transbussion Line Protection, by 
W. E. Winterhalter, Gtoneral Electric Co. 
Election of officers for term 1931-32 as 
follows: C. H. Eraft, chairman; P. B. 
Wippennan, vice-chairman; C. H. Lank¬ 
ford, secretary. April 15. Attendance 
60. 


Interesting Developbients and 
Problems in Central Station Engi¬ 
neering, by R. E. Powers, Westinghonse 
Elec. & Mfg. Co. Joint meeting with 
Engineering Institute of Canada. April 
24. Attendance 250. 

Annual meeting. French Faience, 
by C. H. Mitchell, University of Toronto. 
Illustrated. Election of officers as 
follows; T. W. Eadie, chairman; G. D. 
Floyd, secretary. May 1. Attendance 
43. 

Utah 

Miracles from the House of Magic, 
by H. T. Plumb, General Electric Co. 
Inspection of the laboratories at Uni¬ 
versity of Utah followed by dinner. 
April 9. Attendance 470. 


X-Rats and Their Application, by 
Paul F. Hawley, student. April 10. 
Attendance 6. 

University of Arkansas 

Demonstration of a color organ was 
given by Professor Wesley Roberds, 
Physios Dept. April 23. Attendance 22. 

Armour Institute of Technology 

Film—“The Single Ridge.“ May 1. 
Attendance 51. 

Polytechnic Institute of Brooklyn 

Electrons and Sub-Electrons, by 
Dr. Ernst Weber. April 23. Atten¬ 
dance 42 

California Institute of Technology 


San Antonio 

Lightning and Lightning Pro¬ 
tection, by P. F. Squier, Westinghouse 
Elec. & Mfg. Co. Illustrated. April 13. 
Attendance 32. 


Sharon 


Hon. Frank Crowther, U. S. Congress¬ 
man from New York, discussed the 
problems presented to the last Congress. 
Before the meeting there was an inspec¬ 
tion trip through the McDonald Plant 
of the Carnegie Steel Co. Joint meeting 
with the Association of Iron and Steel 
Electrical Engineers. April 15. Atten¬ 
dance 310. 

The Contribution of Telephone 
Research to Talking Motion Pic¬ 
tures, by J. 0. Perrine, American 
Telephone & Telegraph Co. Illustrated. 
May 5. Attendance 240. 

Spokane 


A Progress Report on a Short 
Circuit Model of the WASHmerroN 
Water Power Company System, by 
Clarence L. Holmes, State College of 
Washington; 

Short-Circuit Transients In Syn¬ 
chronous Generators, by Robert 
Pennoyer, University of Idaho; 

Fundamentals of Carrier Tele¬ 
phony, by Loren A. ^raub, Home Tele¬ 
phone & Telegraph Co. Dii^er preceded 
the meeting. April 24. Attendance 46. 
Springfield 


Grounding the Neutral, by W. W 
Lewis, General Electric Co. Illustrated 
March 19. Attendance 56. 
Elbctrotbbrapy, by William Bier 
president, N. Y. Physioal Therapy 
Soeietiy, April 13. Attendance 52. 
Tele^ 


BAtwans, by W. E. Dm 
J^S^BwteiyCo. niustiat, 
Apwl7. Attttidaiiee45. 
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Vancouver 

Starting Conditions in Syn¬ 
chronous Machines and an Analysis 
OF the Synchronous-Iitouction Motor, 
by H. Vickers, University of British 
Columbia. April 6. Attendance 33. 

Inspection of Ruskin Hydroelectric 
Development of the British Columbia 
Electric Railway Co. April 25. Atten¬ 
dance 64. 

General Developments in the Bell 
Telephone Laboratories, by C. C. 
Pettet, Northern Electric Co. May 4. 
Attendance 41. 

Washington 

Lightning and Ligittning Abbbsitjrs, 
by M. G. Lloyd, Bureau of Standards. 
Orville S. Peters was presented with the 
John Scott Award for the invention and 
development of the electric telemeter. 
April 14. Attendance 94. 

Worcester 

Copper from Mins to Consumer, by 
Wi^ H. Bassett, Jr., Anaconda Wire 
a Gable Co. Joint meetins' with the 
A. S. M. E. 

Eusm Qnaax*, by A. L. Ellis, aenend 
BleofenoCo. May 12. Attendance 40. 


Power Systems of Germany, Eng¬ 
land, AND France, by Professor V7. T. 
Ryan, University of Minnesota. April 
16. Attendance 35. 

University of California 

Russian Five Year Plan, by Kobert 
Sibley, University of Califomia Alumni 
Assomation. Joint meeting with tho 
A. S.M.B. Branch. April 8. Atten¬ 
dance 55. 

Carnegie Institute of Technology 

Sound Motion Pictures, by Carl 
Long, student; 

Underground Cables, by Thomas 
Zima, student. Election of offioors as 
follows: Walter B. Wigton, chairman; 
H. A. Wagner, vice-chairman; F. A. 
Lennberg, secretary; S. J. Myers, 
treasurer. April 15. Attendance 22. 

University of CincinnaU 
Life of Joseph Henry, by D. Michael, 

student. Illustrated lecture on Budotrio 
Ship Propulsion. Election of officers as 
follows: W. Hock, chairman; H. 
Koerber, vice-chairman; Mr. Solunidti 
fi6oretary; Mr. Maiming, treasurer! 
April 21. Attendance 23. 


Past 

BrancL Meetings 


Alabama Polyteelinic Inatitnte 
Election of offleets as follows: W. H 
ehaiiman; T. N. Pyke, viee- 
G. P. Pnker, seoretsiy. 
AprilSS. Attendamoe 17, 

University of Alabama 


Bosiness meetlne. 
dance 16. 


April 27. Atten- 


Inspeotion trip to the sawmill of tho 
Elliott Hardwood Co., Lie., at Potsdam. 
Aprils. Attendance 12. 

Colorado State Acrieoltarai CoUece 

Inspeetion trip to the Valmont elee. 
plant of the PabUe Service Oo. of 
Colorado. April 24. Attendance 11. 

University of Colorado 

DavxLoruxNTs in BNon nim^T Ho. 
5;Wm. Tradgian, Westinghonee Eileotrio 

&Mg,Co. Film—"Westinghonse Steam 
Twbmos.” April 1 . Attendamoe 38. 

Anneud College NigAt hold jointly with 
tiw Denver Section. (For complete 
J^Pdrt see ^^Past Sec'^on Meetings.’’) 
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Cornell University 

Talks on the life of Faraday by four 
students. Election of officers as follows: 
Randall A. Slniitli, chairman; Wm. S. 
Bachman, secretary-treasurer. April 
22. Attendance 23. 

Dr xel Institute 

PoTENTiOMETKn pYROMBTBR, by Fred 
O. Haish, student. April 21. Atten¬ 
dance 34. 

An explanation and description of the 
Reading U. K. suburban electrification 
and Wayne Junction substation construc¬ 
tion was given by S. I. Croney, student. 
May 5. A Itendance 10. 

Puke University 

CouiiiEK Systbms Used in Telephone 
Communications op Power Companies, 
by S. O. Flack, student. Election of 
officers as follows: S. G. Flack, chairman; 
A. L. do Bruyiie, vice-chairman; J. A. 
Womack, secretary-treasurer. May 5. 
Attendance 16. 

Georgia School of Technology 

Ligutino, by Mr. Horton, General 
Electric Co. April 8. Attendance 113. 

Harvard University 

Bnginbmring Students and the 
Management of Men, by Professor 
K. D. Smith. Yale University. April 24. 
Attendance 30. 

University of low 

Pour rods of motion pictures on tele¬ 
phone communications were shown. 
April 15. Attendance 42. 

University of Florida 
XjIqhting Design, by John W. Wilson, 
student. April 13. Attendance 23. 

Election of officers as follows: R.^ E. 
Walker, chairman; J. 0. Huffer, vice- 
chairman; 1*. P. Barnett, secretary- 
treasurer. April 20. Attendance 21. 

Kansas State College 
The Sucobssful Engineer, by Pro¬ 
fessor Ii. M. Jorgenson. April 9. Atten¬ 
dance 67. 

The same program was presented at 
the evening meeting. April 9, Atten¬ 
dance 41. V •er a 

The Enginbering Field, by H. 8. 

Kilby, Kansas Power Co. Film—*^The 
Benefactor.^* April 23. Attendance 40. 

The same program was presented at ‘ 
the evening meeting. April 23. Atten¬ 
dance 70. 

Thb Design of Telephone Outside 
PxiANTs, by B. C. Kuhlman, South- 
wostern Bell Telephone Co. May 7. 

Attendance 73. . i ^ 

The same program was presented at 
the evening meeting. May 7. Atten¬ 
dance 40. ^ 


University of Kansas 

Banquet. Attendance 146. 

Life of Michael Faraday, by Charles 
Breoheisen, student; 

Life of Joseph Henry, by Clifford 
Hamel, student. The Branch was pre¬ 
sented with the Sigma Tau cup for the 
best exhibits in the engineering exposi¬ 
tion. May 7. Attendance 47. 

Lafayette College 

Business meeting. May 2. Atten¬ 
dance 25. 

Lewis Institute 

Description of the electrification of the 
suburban division of the Illinois Central 
Railroad Co., by C. H. Mottier, of that 
company. Aprils. Attendance 161. 

University of Louisville 
Life of Joseph Henry, by Mr. 
Friedman, student; 

Life of Faraday, by Mr. Knoop, 
student. Mr. Cook, student, reviewed 
the achievements of 1930. March 20. 
Attendance 15. 

University of Maine 
Radio, by Walter J. Creamer, student. 
April 9. Attendance 22. 

Election of officers as follows: R. E. 
Young, chairman; Gerald Frost, vice- 
chairman; Roland'' J. Tibbetts, secre¬ 
tary; Thomas Morrison, treasurer. 
April 21. Attendance 16. 

Vaouttm Tubbs and Their Industrial 
Applications, by Oliver Ajer, General 
Bldctric Co. Demonstra^on of the 
operation of the photoelectric cell and the 
thyratron. April 23. Attendance 160. 

Marquette University 
Executive board meeting. March 26. 
Attendance 7. 

Switches and SwrrcHiNa, by J. D. 
Greensward, AUis-Chalmers Co.; 

Personality in Engineering, by 
H. S. Day, Wisconsin Telephone Co. 

banquot.. April 9. Attendance 
50. 

Massachusetts Institute of Technology 

The PudsoElbotbio Oscillator in 
THE Power Industry, by B. H. Buckrng- 
ham; student;, 

Radio in Aeronautics, by J. O. 
Ritchey, student. April 14. Attendance 60. 

Michigan College of Mining and 
, Technology 

Faraday and His Early Experi¬ 
ments, by Oscar Hane, student; 

The Early History of Electricity, 
by William Keyes, student. March 25. 
Attendance 16. 

Michigan Stote College 
Demonstration and explanation of the 
control device called the /‘Telemat,** 


by W. H. Bliss, instructor. April 14. 
Attendance 23. 

Talks on the life and work of Faraday 
and Henry, by E. Moore and J. Young, 
students. Election of officers as follows: 
Edwin W. Moore, chairman; John 
Young, vice-chairman; Webster Bowler, 
secretary-treasurer. April 2$. Atten¬ 
dance 24. 

University of Michigan 

Experiences with the Detroit Edi¬ 
son Co., by William 8. Thomas, student. 
April 29. Attendance 28. 

School of Engineering of Milwaukee 

Substations and Substation Meter¬ 
ing Equipment, by William Duhn, 
instructor; 

Vacttom Tubes and Their Use in 
Mbdiciotd, by Wm. P. Gainer, Branch 
eh 3 .i r mftn. Film—‘‘The Single Ridge.” 
Aprils. Attendance45. 

Missouri School of Mines and Metal¬ 
lurgy 

The Application of the Photo¬ 
electric Cell, by M. R. James, student; 

Hydboelectbic Developments, by 
Professor I. H. Lovett, counselor. April 
15. Attendance 24. 

Inspection trip to the Bagnell Dam. 
April 18. Attendance 43. 

Six films shown as follows: ‘‘Telephoto 
Equipment,** “Television,” “Electric 
Heat in Industry,** “Induction Voltage 
Regulators,** “Oil Circuit Breakers,** and 
“The Automatic Substation.**, April 22. 
Attendance 24. 

Montana State College 
Banquet given in honor of Dean H. V. 
Carpenter, University of Washington, and 
vice-president, District No. 9, at which 
he delivered an address entitled CoN- 
TiNuiTY OF Sbbvtcb. April 9. ‘ Atten¬ 
dance 39. 

Man and His Machines, by Dean 
H. V. Carpenter. April 9. ’ Attendance 
164. 

Electric Communication and the 
New Yorx Stock Exchange, taken 
from Elbotbioal Enqineerino, pre¬ 
sented by 0. G. Anderson, student; 

• Cracking Oil by Elbotrictpy, taken 
from Electrical Bnginbbring, pre-^ 
sented by Brio N. Blannin, student; 

Inspection of Arc W»i»us, by Edgar 
Dolum, student; 

Two Elevators in One Shaft, taken 
from Electric Journal, presented by 
Leonard Bstey, student. April 16. At¬ 
tendance 125» 

Eleotion of officers as follows; Homer 
TffLTTiMiit^ chairman; Jean Smith, vice- 
ehaiiman; Wesley Funk, seoaretary; 
William Soheele, treasurer. April 21. 
Attendance 30. 

' Pbtvate-Wibe Telegraph Service, 
taken from Elbotbioal Engineering, 
presented by James Graybeal, student; 
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Maintenance op Distbibution Sys¬ 
tems, by Arthur W* Buckley, student; 

Railroads vs. Transmission Lines, 
taken from Electrical Engineerino, 
presented by W sley Funk. April 23. 
Attendance 120. 

Ventilating Electrical Galleries, 
taken from Eleclrical Worlds presented by 
Curtis Hanson, student; 

Recent Uses and Developbients op 
Electricity in Transportation, by 
Armin J. Hill, student; 

Radio Beacon Guides Planes, by 
Homer Lambdin, student. April 30. 
Attendance 114. 

Inspection trip to the Anaconda Copper 
Mining Company; Morony, Volta, Rain¬ 
bow, and Black Eagle power plants of the 
Montana Power Co.; Claude Neon Sign 
Works; Automatic telephone exchange of 
the Mountain States Tel. & Tel. Co.; and 
radio station KFBB. May 4-6. At¬ 
tendance 29. 

Analysis of Radio Interference, by 
W. H. Bato, student; 

Treating Rewound Motors, by 
Carl Wall, student ; 

Current Collection in Hydrogen 
Atmosphere, by Jean Smith, student. 
May 6. Attendance 77. 


Radio Frequency Amplipibrs, by 
W. S. Smith, student. May 12. Atten¬ 
dance 21. 

University f North Carolina 

Radio Applications, by R. V. Whito- 
ner, student. Election of officers as 
follows: D. J. Thurston, Jr., chairman; 
R. C. Cadmus, vice-chairman; Lloyd 
Swain, treasurer; Sam Barham, secre¬ 
tary. April 23. Attendance 41. 

North Dakota State College 

Election of officers as follows: Clarence 
Bryant, chairman; Fred Payne, vice- 
chairman; Ralph Simenson, secretary- 
treasurer. April 13. Attendance 13. 

Life of Steinmbtz, by Andrew Fritoh, 
student. Film—.“Electric Welding."' Joint 
meeting with A. S.M.B. April 16. At¬ 
tendance 66. 

Film—‘‘Dynamic America."* Joint 
meeting with A. S. M. E. and College 
Engineers’Club. ApiilSO. Attendance 
67. 


University of Nevada 

Engineering Economics, by J. Hough 
student; 

New Developments in Syncbbonous 
Motors, by Clarence Jones, student. 
April 4. Attendance 13. 

The Use op Hydrogen in Rotating 
Electrical Apparatus as a Cooling 
Medium, by B. H. Tucker, student. 
April 15. Attendance 24, 

Newark College of Engineering 
AIercurt Arc Rectification, by 
Paul Dumont, General Electric Co. 
Election of officers as foUows: B. Olata, 
president; J. G. Woehling, vice-president; 
M. Baricer,^ treasurer. April 20. At¬ 
tendance 25. 

University of New Hampshire 
The Problems op Telephone Trans- 
American 

& Tel. Co. April 10. Attendance 

Aier’ 

Apru 21. Attendance 83. 


University of North Dakota 

Film—“The General Electric Test 
Course."" April 29. Attendance 15. 

University of Notre Dame 

Substation Design, by E. P. Kreimer, 
Indiana Michigan Electric Co. Patrick 
Muiray, student, presented the regular 
engineering news review. April 13. At¬ 
tendance 46. 

Application op Electricity to Met¬ 
allurgy, by Edward G. Mahin, chemis¬ 
try dept.; 

The Mechanical Larynx, by Charles 
Podlaski, student. Patrick Murray, 
student, presented the engineering news 
wview. Election of officers as follows: 
Hugh Ball, chairman; J. Andres, vice- 
P A. Comwlati, aeoretary; 
It. Rohlof, treasurer. April 27 
Attendance 56. 

Oklahoma A. & M. College 

Power Distribution in City Limits 
by V. A. Pendelton. Oklahoma Gas & 
Heotrio Co. Bloctdoa of offioera as 
follow: Joo Hutohiasott, clu^num: 

C. Hanan, vice-chairman; Clyde 
Benso^ secretary. April 24. Atten- 
dance 40. 


At- 


Cirileteoftlie aty ofNevTork 

anaoal dinaer. April 9 
tendance 112. 

I tf Co. April 16. State CoUoje 

CoLMOB Imtoination, by Professor 


Orecon State College 
BInoinsbrino Phacotse, by E D 
Sea^. Portlaad GeaeraJ Electric Co! 
April 30. Attendance 33. 


Attendance 20 . 

Nortk Cardiaa State CoUe{e 

J. W. Southerland, 
^h^aa; L. C. Hubbard, seor^ 
April 14. Attendance 28. 
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I>.L.Marlde. April 22. Att^dim^'l^* 
Pratt Institute 

Kims—“Cono-wingo” and "Steam Tur- 


Mr. Muldaur, National Fire Under¬ 
writers" Laboratories, spoke on the testing 
and setting of standards for mecliantcal 
and electrical equipment, and also gave a 
brief outline of the dovelopinoiii of the 
association and its uses to the pul die 
April 23. Attendance 150. 

Purdue University 

History op Michael Faraday’s Lifk, 
by M. F. Droege, student; 

Experiments by Michael Faraday, 
by Paul B. Duff, studeut. W. P. Holl- 
stein and 0. C. Fisher, studGn(.s, gave a 
demonstration on the operation of a tesla 
coil, April 28. Attendance 100. 

Rhode Island State College 

Election of officers as follows: Ia!iou 
B reault, chairman; Byron A. Porlor, 
vice-chairman; Lloyd B. Crandall, 
Secretary-Treasurer. April 15. Atten¬ 
dance 15. 

Rice Institute 

Television, by Mr. Kennedy, .student. 
April 15. Attendance 20. 

University of Santa Clara 

Election of officers as follows: Lionel W. 
Thorpe, chairmau; John Pochariob, 
vice-chairman; Thomas Bberhard. soe- 
retary-treasurer. April 30. Atten¬ 
dance 21. 

University of South Carolina 

Business meeting. April 13. Atten¬ 
dance 13. 

The Engineer and His CoNNKcrioN 
with Sanitation, by Col. A. E. Logare, 
supervisor. Dept, of Health. April 20 
Attendance 31. 

Charles P. Stbinmbtz, by C 
yrqul^; student. April 27. Atten¬ 
dance 35. 

South Dakota State School of Mines 

Hammerman, counso- 
te,J^on Baerlro, Branch secretary, and 
^laries Uws, Branch chairman, gave 

No. 0. 

April 22. Attendance 36. 

SteTeuB lufititate of Technology 

Syrecufio Unirersity 

Busbab Stressbb, by Oliver Biwbv 

andBdurinHinohliffe, students- ^ ^ 

aUtrans- 

in... •**’ I^yndon Depeur imd W 
g^P^.,students. April 17. Atten: 

UnlTersIty of Texas 

of the SSe?d 

®i®CTBicAi. Engineering 



Building) and Austin Power Plant. April 
9. Altendance 18. 

University of Utah 

Blection of officers as follows: Richard 
O. Hansen, chairman; Philip J. Elsey, 
vice-chairman; W. S. Nishiyama, sec¬ 
retary-treasurer. April 21. Attendance 
37. 

Univ rsity of Vermont 

Htdroqen Coolino of Rotating 
Electrical Machinery, by E. J. 
Meroier, student. April 14. Atten¬ 
dance 22. 

Films—**A Concrete Example,*’ “The 
Telephone Repeater,” “Something About 
Switchboards,” and “The World’s Tele¬ 
phone Workshop.” April 21, Atten¬ 
dance 40. 

Election of officers as follows: Donald 
E. Child, chairman; C. B. Cross, vice- 
chairman; Robert A. Hyde, secretary- 
treasurer. April 28. Attendance 24. 

Virginia Military Institute 

Television, by R. P. Sledge, student; 
A Floating Power Plant, by J. C. 
Shell, student; 

Future op Electricity, by H. J. 
Ceiger, student. April 18. Atten¬ 
dance 50. 

Virginia Polyt chnic Institute 

SoBfE Aspects op the Scientific 
Work of Thomas Jefferson, by Pro¬ 
fessor W. S. Rodman, University of Vir¬ 
ginia, and vice-president. District No. 4, 
A. I. E. B. May 5. Attendance 51. 

University of Virginia 

The History and Development of 
THE Telephone, by B. G. Switzer, 
student. April 7. Attendance 17. 

University of W shington 

Television, by Carl Johnson, student. 
April 9. Attendance 13. 

“Ruby” the Next Development of 
THE Skagit, by J. D. Ross, former 
Superintendent of Lighting, City of 
Seattle. April 16. Attendance 213. 

Washington Stat College 

Direct Coupled Amplifiers, Their 
Construction and Use, by L. N. 
Hatfield, Branch chairman. May 1. 
Attendance 22. 

Washington University 

Blection of officers as follows: D. A. 
Fischer, president; Charles L. Cline, 
vice-president; Ernest A. Wolff, secre¬ 
tary-treasurer. April 30. Attendance 
16. 

W St Virginia University 

The following talks giv^ by students 
were based on a recent inspection trip: 


Wbstinghousb High Voltage Lab¬ 
oratory, by H. O. Webb; 

H. j. iibiNz Co., by J. R. Nottingham; 

AiiERiCAN Bridge Co., by J. B. 

Newcomer; 

Motors fob the P. R. R. Blbotbifi- 
CATioN, by C. Malone; 

New Power Plant in South 
Carolina, by H. V. Locker; 

Pittsburgh Transformer Works, 
by F. E. Watson. April 21. Atten¬ 
dance 32. 

The following talks given by students 
were based on a recent inspection trip: 

Jones & Laughlin Steel Cobp., by 

G. Pride; 

Mesta Machine Co., by S. Boone; 

Bleotrioal Communication in N. T. 
Stock Exchange, by C. DeLancy; 

Synchronous Motors for Ship Pro¬ 
pulsion, by P, Steenbergen; 


Positions 

Open 

ELBOTRIOAIi ENGINEER with experience 
in designing a-c. and d-o. machines. Apply by 
letter giving qualifications. Location, vicinity 
of New York City. W-2753. 

YOUNG MAN with training and experience 
in patent and trade mark law, who would like to 
work himself into the patent and trade miurk 
problems of a large chemical firm. Apply only 
by letter. Location. New York. W-2018. 

Men 

Available 

ELKOTBIOAI/ BNOINSBB with 16 years' 
experience in design, construction, reports and 
editorial work. Now engaged on special pub¬ 
lishing job; will be available for publicity or 
editorial work on trade publications. References 
from leading engineering and publishing firms. 
B-4022. 

1930 TBOHNIOAL GRADUATE, B. S. in 
M. B.. age 24, single. Five and a half months’ 
experience with conveyer manufactiuer. De- 
dres training with some engineering company. 
Salary secondary. Location, immaterial. Avail¬ 
able at once. 0*9095. 

GRADUATE BLEOTRIOAL ENGINEER. 
35, married. Twelve years’ experience of which 
five as junior executive. Desires position as 
assistant general executive or in transmission 
or distributtou department. United States. 
Street railway, power and likht utility experi* 
ence. Good references. Available July. 0-6091. 

ELECTRICAL ENGINEER, age 31, B. S. 
in E. E. Two years’ electric car-shop ex^^- 
ence; one year student engineer with power 
company; two years in engineer^ department 


Propeller Type of Pumps, by C. 

Withers; 

Bell Telephone Co., by A. Fervier; 
Electrification of the Pennsyl¬ 
vania R. R., by W. Unger; 

Eddy Currents, by G. Lefevre. 
April 28. Attendance 32. 

University of Wyoming 

Election of officers as follows: NeO 
Sanders, chairman; T. Hauoe, viee- 
chainnan; Roy Perkins, secretary- 
treasurer. April 7. Attendance 10. 

Life of Faraday, and Circuit 
Breakers, by Reece Aohenbaoh, student. 
May 5. Attendance 8. 

Yale University 

Election of officers as follows: Ludwig 
B. Hansen, chairman; J. A. Keyser, 
sreasurer; P. M. Wolff, secretary. 
Mayl. Attendance 16. 


of street railway company; one year electrical 
control of armament on aeroplanes; one year 
hydroelectric power studies. 0-6077. 

OOMMUNIOATION ENGINEER. 40. 
married, B. S.. E. E. and B. B. degrees. Retired 
officer naval service. Twelve years’ experience 
adminislarattlon of communication organizations, 
development and operation radio-communicaF* 
tion systems. Wide experience hAndifa g 
personnel. Three years director of radio, 
foreign government. Previous experience naval 
operator. Location, immaterial. Available 
July 1,1981. 0-9200. 

BLEOTRIOAL ENGINEER, 84. married, 
graduated in Europe, with nine years' American 
experience covering drafting, testing, research, 
supervision of electrolysis work, ^operating and 
pl annin g. Familiar with overhead uid under¬ 
ground transmission and heavy electrical trac¬ 
tion. Last two ydars as assistant electrical 
engineer with large hydro projects. Available 
on short notice. 0-9170. 

GRADUATE BLEOTRIOAL ENGINEER, 
desires substantial connection with public 
utility or Industrial firm on power engineering 
as engineer or assistant to superintendent or 
engineer. Ten years’ experience in power-plant 
test, operation, design, construction, and main¬ 
tenance. Three years electrical engineer for 
industrial firm. Two years assistant to power 
engineer. B-8d79. 

ELECTRICAL ENGINEER. 35. married. 
B. S. In £. E.. four years* experience in elec¬ 
trical design at steam and hydroelectric plants, 
switching stations, substations mid transmission 
lines including field e3q>erienoe: two years design 
and constructiOQ of railway electrification. Also 
has had practical experience in industrial con¬ 
struction, factory and steel mUl maintenance. 
References. 0-0211. 

SAXES BXSOUTIVB ENGINEBB, elec¬ 
trical training and seven years’ experience cover¬ 
ing sales engineering, sales promotion, sales 
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niaiiagoment. Has traveled extensively, ac¬ 
quainted with conditions in all sections of 
country. Well acquainted with New England, 
C-5431. 

ELECTKICAL DESIGNER, ago 36, mar¬ 
ried. Ten years’ public utility experience in 
steam and hydroelectric plants, substations and 
industrial plants. Also served four years as lire 
insurance inspector. Graduat.e of technical 
school on electrical and mechanical subjects. 
C-7079. 

ELECT RTOAL ENGINEER. graduate, 
E. E. degree 1930,25, American, single. Experi¬ 
ence power-cable research and testing and allied 
work. Desires any kind of work in electrical 
engmoeriiig field. Best references. Available 
immediately. Any location considered. 0-9188. 

1930 GRADUATE OP E. E. under the 
cooperative plan at Georgia Tech. Worked 
alternate months with public utility company in 
Georgia in car-barn, gas, engiiiooring, liycho- 
goneration and statistics departments. Since 
graduation has worked six months with trans¬ 
mission line construction crow. Any location. 
C-9210. 

ELECTRICAL ENGINEER, 30, married, 
university graduate, two years’ experience dis¬ 
tribution engineering for large electrical manu¬ 
facturer; six years’ experience power-plant and 
substation maintenance, operation, design, and 
construction with largo power company. Wants 
position with power company, engineering, or 
construction firm. Available upon short notice. 
Will go anywdiero. 0-9267. 

RADIO ENGINEER, 33, broad training in 
research, development and production of radio 
receivers, accessories, and component parts; 
responsible charge of quality; commercial 
understanding of engiiiooring relations to pur¬ 
chasing and manufacturing; advertising and 
sales experience; resourceful. Available to 
progressive organization in radio or allied fields. 
B-5752. 

EXPEBfENOED TRANSLATOR, ELEC¬ 
TRIC AL ENGINEER by profession, French 
and Gorman, would prefer to translate technical 
and scientific books. Best of references. 
B-7091. 

GRADUATE ELECTRICAL ENGINEER, 
1930, 24, single. Seven months* experienee 
transmission-line construction. Excellent phys¬ 
ical condition. Desires position with future. 
Location preferred, East. C-9238. 

ELECTRICAL ENGINEER, college gradu¬ 
ate, over 20 years’ experience in high-voltage 
transmission line and power-station work, princi¬ 
pally with Siemens Schuckert and Brown Boveri 
companies in Germany. Desires responsible 
position. C-9257. 

ELECTRICAL ENGINEER, 31, single, 
graduate University of California (1927), varied 
experionco, designing, developing, testing Mgh- 
frecjuoncy measuring apparatus. Has had some 
work engineering department, electrical manu¬ 
facturing and radio concern. Desires connection 
with public utility, Industrial equipment com¬ 
pany. Now employed on development high- 
frequency apparatus. Location preferred, New 
York City. 0-G734. 

ENGINEER, college graduate with B. S. in 
E. E., seeks connection as chief engineer or 
superintendent of industrial plant or office 
building. Fifteen years’ broad experience in 
power installation, operation and maintenance 
of electrical, mechanical and steam equipment. 
Familiar with building operation and main¬ 
tenance, References furnished with interview. 
0-9262. 

SWITCHBOARD FOREMAN, ton years’ 
experience with construction companies for 
public utilities, wiring, construction and installa¬ 
tion of powerhouse switchboards and control 


apparatus- Shop experience, manufacturing 
switchboards. C-4831. 

SENIOR STUDENT in electrical engineer¬ 
ing, graduating in June from Colorado Uni¬ 
versity, available July flrst. Desires position 
as a Junior engineer, sales engineer or instructor 
in mathematics or electrical engineering sub¬ 
jects. Has had 18 months' practical work in 
electrical service and repair of power equipment 
prior to college. Location preferred, Southern 
or Western United States. 0-9241. 

ENGINEER, graduate Stevens, one and one- 
half years’ G. E. Test, with broad knowledge of 
transmission operation gained during five years 
with public utility operating in the foreign field: 
seeks now connection either domestic or foreign. 
Would be valuable for staff of general superin¬ 
tendent; mechanical engineer with electrical 
experience. 0-9177. 

GRADUATE ELECTRICAL ENGINEER, 
1929, age 24, single. Two years’ experience in 
overhead distribution and transmission design, 
drafting, and estimating. Best of references. 
C-9256. 

ELECTRICAL AND RADIO ENGINEER, 
39, University graduate with B. S. in E. E, 
G. E. Test exi)orionce. Fifteen years in design, 
test and operation of radio and high-frequency 
circuits and api^aratus. Married, two children. 
Location secondary importance, West preferred. 
Available immediately. 0-9246-314-C-12-San 
Francisco. 

GRADUATE ELECTRICAL ENGINEER, 
ago 25. Two years’ experience in power system 
operation, system planning and development; 
also experience in distribution and transmission 
engineering. Desires position in any location 
with public utility, or in any electrical line offer¬ 
ing a future. Available upon short notice. 
References. C-9281, 

RADIO ENGINEER, 35, married, A. B. in 
M. E., and Engineer in E. E. Fourteen years’ 
experience, research, development, de.sign, 
installation, and testing of I’adio transmitting 
equipment. Also experienced, patent investiga¬ 
tions, office management, and purchasing of 
materials. Desires executive, research, or 
teaching position permitting advancement of art 
of radio communication. 0-9251. 

ELECTRICAL, MECHANICAL, CON¬ 
STRUCTION ENGINEER, 35, married. 
Experience in installation of automatic equip¬ 


ment in power stations, general construction 
about 11 years. Has five years air-corps ser¬ 
vice. Available upon notification. Location 
preferred, San Francisco, California. C-9217- 
314-C-15-San Francisco. 

GRADUATE ELECTRICAL KNarNEEH, 
23. B. S., M. S. in E. E. Desires position, 
instructor in engineering dejiartmont of college, 
university. Has fundamental, practical knowl¬ 
edge d-c., a-c. circuits and machines. Can teach 
engineering matliematics, physics. Has had 
some teaching experience; two years research 
work obtaining degroo.s. Available July 1st. 
Location, anywhere United States. (-9211 

GRADUATE ELECTRICAL ENGINEER, 
29, one year Westinghonso Test course, six years 
engineering for large eastern utility. Familiar 
design, construction, and operation of distri¬ 
bution substations, customers’ servico.s, loa<l 
dispatching and supervisory-control system. 
Desires responsible position with public utility, 
consulting engineei's, or sales work with eleo 
trical manufacturer. 0-8322. 

RELAY ENGINEIflR, university graduate, 
ten years’ practical c.xperiencc^, tlioiHuighly 
familiar with all relay apjilicalions and hssting, 
short-circuit studios, stability calcula,lions, and 
all problems connected with system distur¬ 
bances, Moderate salary. .Available at oiu’.e. 
C-9291. 

ELECTRICAL ENGINEER. 25, marricMl, 
desires onginooring work. Has been on 
trical seismograph for last two years. Work 
involved use of portable oscillograph and wireless 
telegraphy. Holds second-grade (’.ommtuTial 
operator’s license. Has one year public utility 
experience and surveying experience. Iksrsonal 
interview desired. 0-3035. 

ELECTRICAL ENGINEER, 23, single, 
graduate Georgia Hchool of Technology, B. H. 
degree in E. E. ('iooporativ(i plan 1930; five 
years’ experience railroad shoj) all departments 
during cooperative course; one year expinlcnuie 
with utility on manufacturing concern, rrohn’s 
Southeast. 0-9292. 

DISTRIBUTION ENGINEER, 29, single. 
Six years’ experience on overhead distribution, 
estimating, design, Cf)n8truction and revamp in 
general office of largo utility. Avalljible im¬ 
mediately. Tjocation preferred, West, ])iit will 
consider otiiers including foreign country! 
C-9307-31^-C-X3-San Francisco. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St, 

San Francisco 
N. D. Cook, Manager 


206 West Wacker Drive 
Chicago 

A. K. Krauser, Manager 


31 West 39th St. 
New York 

W, V. Brown, Manager 


M aintained by the national socie¬ 
ties of civil, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices win bring full information concern¬ 
ing the services of this bureau. 

Men Available.—Brief annoimcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s interval. Names and records 
remain on file for three months; renewable 
upon reqxiest. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 


Opportunities. —^A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in advance. 

Voluntary Contributions. —Members 
benefiting through this service are invited 
to assist in its furtherance by personal con- 
tribxitions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year’s salary. 

Answers to Anuounoements*— 
Address the key number Indicated in 
each case and mail to the Now York office, 
with an extra two-cent stamp enclosed 
for forwarding. 
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JUNIOR RNOINBER, 1930, graduate, B. S. 
degree in £. BJ. Associate member of Sigma XL 
Bight months* practical experience in research, 
design, and testing with large radio concern. 
Desires position as engineering instructor or in 
any electrical Un offering a future. Eastern 
location preferred. Salary secondary to op¬ 
portunity. 0-9300. 

ELECTRICAL ENGINEER, age 28; single; 
considerable industrial*experience; one year as 
graduate assistant; M. S., Iowa State College. 
1030; B. S. Pennsylvania State College, 1025. 
Desires position as instructor with the prospect 
of a permaneut teaching position. C-3202. 

ELECTRICAL ENGINEER. 28, A, B.. 
E. E. 1926. Two years as emergency man, one 
year as engineering assistant with a New York 
Power Company. Pour yeaH with a Telephone 
C mpany making studies of equipment and 
operating conditions and on service mainte¬ 
nance. Two years teaching mathematics in 
evening classes. References. C-9308. 

HEATING ENGINEER, 12 years' experi¬ 
ence, largely on industrial electric heating 
equipment, particularly heat treating and 
forging furnaces. University of Wisconsin 
• graduate (1918). Some arc-welding and motor 
design experience. Familiar with research, 
design and sales practise. Locate anywhere. 
Prefer executive position. B-8838. 

ELECTRICAL ENGINEER, B. S. degree 
in E. B. in 1926. Five yeiurs' experience in 
lectrlcal equipment design, public utility opera¬ 
tion, and field construction. Natural writing 
talent. Desire work in editorial or related fields. 
0-4875, 

BADIO ENGINEERING GRADUATE, 
student in one of tho greatest eastern universi¬ 
ties, desires. connections fitting his oduoatlon. 
Has B. E. degree in E. E. and has boon very 
acttve in radio ougiueerlng practise for seven 
years. Available at once, age 23 years. 0-7316. 

GRADUATE IN ELEOI’RIOAL ENGI¬ 
NEERING. 1028, married; one year's experi¬ 
ence on Westinghouse tost floors assigned to 
traction apparatus. Has completed Wostlng- 
house graduate student course. Has bad 
appr ximately 18 months* experience as sales 
engineer. Especially Interested in work within 
transportation industry, or os instructor in 
recognized engineering school. Excellent scholas¬ 
tic record and references. 0-0309. 

GRADUATE ELECTRICAL ENGINEER, 
85, good technical school. Ten years* experience 
In electrical station construction and design 
drafting, including considerable mechanical 
experience, latest position superintendent of 
design and construction of transformer sub¬ 
station. Preferring station doslgn and construc¬ 
tion with utility, would consider engineering 
industrial plant maintenance or operation. 
0-7048. 

COLLEGE GRADUATE class of ‘29, B. 8. 
degree In electrical engineering. 25, single, G. E. 
Test, general engineering and business courses. 
Interested in position In engineering department 
of manufacturing or utility company. Avail¬ 
able at once. Location, Eastern United States 
0-0003. 

ELEOTRICAL-MBOHANICAL ENGI¬ 
NEER. 28 years old, experienced in power 
generation, distribution and application to In¬ 
dustrial uses. Desires position as electrical- 
mechanical engineer in charge of operation, 
maintenance and repairs with manufacturing 
oonoem generating own power. C-9063. 

GRADUATE ELECTRICAL ENGINEER 
with broad experience In development and de¬ 
sign, executive and engineering on small elec¬ 
tric motors, desires connections as engineer or 
chief draftsman. Avajlfabl in ^m twenty to 
thirty days. Manded. References. B-93d5. 


COLLEGE GRADUATE, 27, single, B. S. in 
B. E. Eighteen months (jleneral Electric Test, 
twenty-two months telephone equipment engi¬ 
neer . Desires position in manufacturing or 
utility company. Location preferred. Middle 
West, but, not essentia. Available at once. 
0-9285. 

ELECTRICAL ENGINEER. B. S. degree 
1929, married, 33. American. Two years* 
experience as a draftsman-designer with large 
utility company. Experienced on outdoor and 
Indoor high-voltage substations. Speaks Rus¬ 
sian, (United States citizen). Well 
with Manchuria. China. Location, immaterial 
0-6290. 

ESTIMATING ENGINEER. B. S. degree in 
B. B., age 34, married. Ten years* expwlence 
with large company manufacturing electrical 
power equipment, including designing electrical 
and mechanical construction and calculating 
cost, weight and dimensioDs of this apparatus, 
in connection with customers’ negotiations! 
Available at once. Location, immaterial. 
0-4633. 

GRADUATE ELECTRICAL ENGINEER, 
single, age 25, eight months engineering assistant 
power department office of public utility, four¬ 
teen months equipment engineer hAnrtitng instal¬ 
lation and testing of toll line telephone equip¬ 
ment. Good general knowledge ,of building 
trades. Excellent references. Lo<»tlon, im¬ 
material. 0-8126. 

ELECTRICAL BNQINBBB. 24. single; 
B. S. in E. B., 1929; M, S. 1931. Westinghouse 
graduate student course. Some experience In 
acoustic and radio laboratories. Six months' 
experience with phototube and grid-glow tube 
applications. Natiual writing ability. Avail¬ 
able at once. Location, immaterial. 0-9314. 

GRADUATE ELECTRICAL ENGINEER, 
B. s. degroe. age 24 and single. Experience in 
machine shop and steel construction work. 


Pour years of practical and thoor tlcal electric¬ 
ity in college. Willing to start at bottom and 
work up with a reliable company. Available any 
time. Location, anywhere in United States. 
0-9136. 

ELECTRICAL ENGINEER, age 45, techni¬ 
cal school graduate desires position with railway, 
consulting engineer, or industrial plant. Twenty- 
four years’ experience with large street railway 
and electrical contractor on drafting, designing, 
estimating, oonstmctlon and operation of 
power, dlstoibution and miscellaneous electrical. 
Conversant with power reports, new projects, 
budgets and executive responsibility. 0-7202, 

ELECTRICAL ENGINEER, 1930 graduate. 
22 , single. One year on the Westinghouse 
student course. Desires position as instructor 
in electrical engineering. Available school year 
1931-1932. References. Location, immaterial 
0-9311. 

ELECTRICAL ENGINEER. B. S. E. B., 
*29, M. S. S. E. *31, leading university, 18 
months General Electric Test, 23, single. De¬ 
sires to teach In technical university. Prefer 
Mid West. 0-9320. 

ELECTRICAL ENGINEER with Master’s 
degree, Indiutrlal design mid development of 
electrical-control equipment, authority on elec¬ 
trolytic condensers; married; will work any¬ 
where except Russia. Available on six weeks’ 
notice. Employed at present. Not interested 
in petition vrithout full responsibiUty. 0-7288. 

ELBOTRIOAL EXECUTIVE, 39, married. 
Thoroughly experienced in power plant and 
industrial construction, maintenanoe. Ca n 
handle men and improve service. Very well 
qualified to assume part of the responsibility of a 
busy executive. Replies confidential. 0-2028. 

ELECTRICAL ENGINEER for eight years 
in charge of design and construction of large 
switdiing stations up to 220.000 volts in the 
Bast, and with strong mechanical and structural 
antecedentsseeks permanent connection. 0-9332 
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Recommended! 
for Transfer 

The Institute’s board of examiners at its 
meeting of April 29, 1931, recommended the 
following members for transfer to the grade of 
membertiiip indicated. Any objoction to 
traiisfoi*s should be filed at once with the 
national secretary. 

To Grade of Fellow 

KELLY, MERVIN J., Vacuum Tube Develop¬ 
ment Engr., Bell Telephone Laboratories, 
Inc.. New York. 

KRAFT, CHRISTOPHER H., Supt. of Elec¬ 
trical Distiibutioii, Union Electric Light 
and Power Co., St. Louis, Mo. 

To Grade of Member 

AJANI, FRANCESCO, vice-director, Societa 
Industrie Elettrotelefoniche, Turin, Italy. 
ALLENDE, OCTAVIO E., asst, general mgr., 
Compania Blectrica de Oartago, Costa 
Rica, O. A. . 

CARTER, E. L., consulting engr., 814 Con¬ 
tinental Bank Bldg., Indianapolis, Ind. 


COOPER ROBERT S., supervisor of communi¬ 
cations, West Penn Power Co., Oonnells- 
ville.Pa. 

CORSON, LbROY, suporvlaor. N. Y. Sc Queens 
Elec. Lt. Sc Pr. Co., Flushing, N. Y. 

PBDER. TOBIAS M., district sales mgr., 
Jeffery Devdtt Insulator Co., Chicago, in. 

GOLDTHwAITE, GEORGE B., consulting* 
engr., Mne, Goldthwaite Sc Myiott. New 
York. 

MARQUIS, VERNON M., elec, engr., Ameri¬ 
can Gas Sc Elec. Oo., New York. 

MARTIN, EDWIN R., motor engr., Delco 
. Products dorp., Dayton, Ohio. 

RALPH, ARTHUR J., technician, Yale Uni¬ 
versity, New Haven, Conn. 

ROTTY, OSCAR J,, supt. of substations, Union 
ElectricLt. Sc Pr. Co., St. Louis, Mo. 

SANO, SHIRO, president. Sano Electric Mfg. 
Co.. Tokyo. Japan. 

SCHULER, L. R., Inspector, Public Service Oo. 
of Northern Illinois, Chicago, ni. 

WRIGHT, SUMNER B.» telephone engr, 
American TeL Sc Tel. Co., New York. 
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Applications 
for Election 

AppUcations have been received by the Sec¬ 
retary from the foUowing candidates for election 
to membership In the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the appUcsnt has 
applied for direct admission to a grade hi g h e r 
than Associate, the grade foOows Immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before June 80, 1981 . 

Atkinson. C. K., General Electric Oo.. Port 
Wayne, Ind. 

Bailey, B, S., (Member). American Tel. A Tel 
Oo.. New York. N.Y. 

Baher. B. W.. Healds Engineering OoUege. 
San Francisco, OaUf. 

Bangs. J. E., (Member). Suite 1122. Earle 
Bldg., Wadiington. B. C. 

Bardwell. M. W.. Syraicuse Lighting Oo., Inc.. 
Syracuse. N. Y. 

Barkson. J. A., American Tel. A Tel. Oo., 
Oeveland, Ohio 

Bonnett, A. A., Alaska Gold Mines Oo., Thane. 


Needham, G. H.. New Jersey Bell TeL Oo„ 
Newark. N. J, 

Organ. J. W., Union Electric Light & Power Oo.. 
St. Louis, Mo. 

Peterson, A. W., Oontinental Electric Oo., Inc.. 
Newark, N. J. 

Peterson. N. T., MacMlUen Elec, A Mfg. Oo.. 
Los Angeles, Oalif. 

Powell, J. A., (Member), W. S. Barstow & Oo., 
Inc., Reading, Pa. 

Rogers. T. A.. University of Oallfomla, Berke¬ 
ley, Oalif. 

RusseU, H. G.. 37 Harvard St.. Worcester. Mass. 
Slezak, S. T.. New York Telephone Oo,. New 
York. N. Y. 

Warrington, A. R., General Electric Oo.. Phila¬ 
delphia, Pa. 

44 Domestic 


Foreign 

Gara. E., Chile Exploration Oo., Ohuquicamata. 
Chile, So. America 

Hofman, S. P., The General Electric Oo., Ltd., 
Witton, Birmingham, Eng. 

Kempe, R.. Asea, Ludvika, Sweden 
Robinson, O, S., Ola. Ohilena de Electricldad 
Ltd., Santiago, Chile, So. America 
Singh, G., Mussoorie Hydro-Electric Scheme, 
Dehradun. U. P.. India 

Stock. J. M., Ola. Interprovinclal de Servlcioe 
Publicos S. A., Buenos Aires. Argentina. 
So. America 

Terier, J.. M. M. Schneider Sc Ole, Pmis, France 
van Dyk, J., Philips Lamps (A*sia) Ltd., Sydney. 

N. 8. W., Australia 
8 Foreign 



Boultcm, B. K., (Member). Beauhamois Con¬ 
struction, Beauhamois, Que,, Can. 

Buese, L. A.. Los Angeles Gas Sc Electric Oorp., 
Los Angeles, OaUf. 

Burleson. W. H., (Member), Ohio Brass Oo., 
Mansfield. Ohio 

Campbell, R. W., General Electric Oo., New 
York.N.Y. 

Clark. Maurice B., New England Tel. Sc Tel. Oo.. 
Boston, Mass. 

Elliott, H. J,, Atmospheric Nitrogen Co., 
H pewell, Va. 

Fouracre. V. W. M.. M. Montgomery Sc Oo.. 
Ltd.. Vancouver, B. 0„ Can. 

Friedman. V. N., (Member), Jas, R. Kearney 
Oorp., St. Louis, Mo. 

Gills, E. T., Ohio Brass Oo., Mansfield, Ohio 

Gonzalez, J. J., Veracruz Electric Lt. Pr. Sc 
TracUon Ltd., Vwacruz, Mexico 

Harris. 0. E.. Duke Power Oo„ Charlotte, 
No. Car. 

Hatfield, B. P., Southern Bell Tel. Sc Tel Co 
Atlanta, Ga. 

Herwegh, L. J.. (Member), Atwater Kent Mfg 
Oo.. Philadelphia, Pa. 

Holmes, L O.. Rensselaer Polytechnic Institute 
Troy, N. Y. 

Hutson, R. V., Clnchmati Sc Suburban Bell 
Tel. Co., Cincinnati, Ohio 

Ingles, J, A.,J9ydro-EIectric Power Commission 
of Ontario, Toronto, Ont., Oan, 

Ja«xk^.^,, New York Edison Oo., New York, 

Kalen. E. T.. N. W. Electric Sc Machine Oo 
Milwaukee, Wls. ** 

Kanekeberg, A.. Public Service Oo. of Oolo 
Denver. Oolo. 

Kiltie. O,, General Electric Oo., Port Wayne 
Ind. * 

KlBofcjell, M. R., (Member). Duke Power Oo 
Charlotte, No. Oar. 

LyoBj S. R. D. L. & W. Railroad Co., Hoboken. 

Nt J* 

PlashUght Oorp., New 

McGWr^ p. J., Otis Elevator Oo., Yonkers. 


^^*M^ Engineers. Inc., Jack* 

Mor^, F., Saskatchewan Power Commissi 
Moose Jaw, Sask„ Oan. 

^^N' Tel. Oo.. News 

Power Sc Light C 

W:toat6hee, Wash. 


New Books 

In the Societies Library 

the new books received at 
the Engineering Societies Library, New 
York, during April are the following 
which have been selected because of 
theh possible interest to the electrical 
engineer. Unless otherwise specified, 


the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 

o.,?D bsion. 
aid edit. By C. C. Bishop. N Y 
MoQiaw-Hm Book Co., 1931. 190 pp.’ 

taWes, 9x6 to., 
olol^, $2.00.- Covers the ordinary 
work done in the ofQoe of an engineer, 
cont^tor or power company, in drafting 
and desigmng layouts, switchboards, resi¬ 
dence and power wiring, etc. A coUeo- 
bon of tables is included. The book 
bridges the gap between the usual course 
m 5 J«ohajimal drawing and the praetioal 
methods of the industry. The new edi¬ 
tion has been revised to meet changes in 
underwriters' rules and in apparatus. 

Q-rundw^sbr-Abmchtung. 3. Auf- 
lx *1; Sc^'iltze and W. Sichardt. 
Berlm, W. Ernst u. Sohn, 1931. 69 pp., 
mus., diagrs., tables, 10x7 in., pa^. 

concise review of practical 
methods for waterproofing mortar and 
oonorele in underfund structures. The 
aad disadvantages of different 
methods are described and directions 
given for their use. 

Q-rundzUcie dbr Tbohnisghb Sohwin- 
OWGSLBHRIB By 0. Fdppl. Berlin,. 

teble^^ 8 X 5 m., cloth. 9.50-r. m.—— 
^d ^t. A eoncise treatise on the theory 
of vibration and its applications in engi- 
effects of vibration upon 
struct!^ materials, methods of caJeu- 
iating mquencies, damping devices, the 
prei^ntion of vibration in reciprocating 
niachmes, and similar topics are msoussed. 


High Frbqubncy Alternating Cgr¬ 
ants. By K. McHwain and J. Q. 

Y.. John WUey & Sons, 
PP"’ <U»8TS., eharts, 

tables, 9x6 m., cloth. $6.00.- 

coi^ for senior students, as given at the 
Umveraty or Pennsylvania. The theory 
of these currents is presented and their 
use m telephony, radio oommunication, 
mmote control, and other purposes are 
discussed. 

A Diesel Engines. By 

A. H. Goldmgham. Lend., E. & P. IST. 
Spon, Ltd.. 1931. 148 pp., illus., diagrs. 
efiarte. tables, 9x6 to.,l&. 
an in^duotory chapter upon the theory 
and advant^s of this engine, the various 
systems of fuel mjection are described in 

1 * J remaming two-thirds of the 
book describes various types of high- 
spe^ Diesel engines. The book ^m- 
maroes the present position of this 
engme m convenient form. 

HfiTTB” DBS InGBNIEURS TaSCHBN- 
BUCH. ^ Ai^age, 1 Band, 1931. By 
^ademische Verein Hiltte. Berlin, W. 

charts, tables, 8x5 in., dotk, ^,50 

r.m.; leather, 20,60 r. m.-^The first 

vomme of the new edition covers such 
funi^ental matters as mathematics, 
n^l^cs teel^eal physios, heat. 
Strength of materials, materials, measure- 
mrata and sn^eying:. Compared with 
tne previona edition, this is ten per cent 
l^r Md has been thorougrhly reviaed 
throngiiout. Htltte stiU remains the 
most eompiehenaive eoUeetion of enri- 

^th. Bost. & N. Y., Ginn & Co., 1981. 

in., cloth. 

I^.uu.——TI m compilation aims to meet 
the needs of students to mathematics 
cou^ and other courses that require 
mathematacal computations or involve 
mathenmtioal processes. It oontatos the 
us^ loganthmio and trigonometrie 
tables, up to five places, needed to the 
stody of college ^bra and trigonometry: 
other ..nnmenoal tables frequently usecl 
m oomputarion; and a ooUeetton of 
mathematieai formulas, integrals and 
senes. ^ 
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Engine Practice. 
By 0. Adams. N. Y., Norman W. Henley 
Publ. Co., 1931. 656 pp., illus., diaers^ 
tables, 10x6 m., cloth. ^$6.00.-— 
soriptiye work, intended primarily for the 
oi)era1mg engineer and the owner. Special 
attention is pyen to applications of fiiesel 
engmes, and to operating and mainte¬ 
nance practise. Aircraft engmes and 
locomotives are included. 

Non - Interpolating Logarithms, 

CoWGABITHRW and AntILOGARITHMS. 
By FMdenck W. Johnson. San Francisco, 
Simphfied Senes Publ. Co., 1930. 23 pp 

note-book 

fabnkoid, $2.25; fiUl leather, 

W.OO-Four^place and five-place loga- 

nthms and antilogarithms, and four-place 
cologarithms can be obtained from these 
tables by inspection, without any calcu¬ 
lation. The tables are very compactly 
printed, in clear type, on substantial 
p^ier, ai^ are thumb indexed. Additional 
tobies of constants, metric conversion 
factors and other frequently used data 
are included. 

Pocket-Book op Electrical Bulbs 
AND Tables By W. R. Cooper and 
R. Appl^d. Phi^., J B. Lippin^tt. 
1931. 765 pp., illus., diagrs., tobies, 

7x4 in., cloth. $4.00.-reference 

book giving special attention to electrical 
instruments imd measurements, conduc¬ 
tors, submarine cables, telephony and 
radio, but also treating more briefly of 
dMtrometallnrgy, dynamos, balancers, 
transformers, power-factor improvement 
and illumination. The book has long 
been valued by cable and telegraph engi¬ 
neers as a practical pocketbook. Various 
specialists have contributed to tho re¬ 
vised edition. 

Radio Handbook, including Tele¬ 
vision and Sound Motion Pictures. By 
J. A. Moyer and J. F. Wostrel. N. Y.. 
McGraw-Hill Book Co., 1931. 886 pp., 
illu^, diagrs., charts, tables, 8x5 in., 
cloth. $5.00.-A concise but compre¬ 

hensive reference book for the radio engi¬ 


neer. The authors have summarized the 
existing data upon radio apparatus, not 
only for telephony and telegraphy, but 
also for mdustri I power control and 
similar purposes. 

Radioelbments and Isotopes: Chem¬ 
ical Forces and Optical Properties of 
Substances. By K. Fajaus. N. Y 
McGraw-Hill Book Co., 1931. 125 pp., 
tables, 9x6in., cloth. 

$2.50.-^A review of the researches of 

the author and others upon the natiue of 
chemical forces and the relation of these 
forces to the optical properties of atomic 
and crystal structures. The book is based 
upon the author’s lectures at Cornell Uni¬ 
versity during 1930. 

8. A. E. Handbook. 1931 edit. 
Society of Automotive Engineers, N. Y. 
752 pp., diagrs., charts, tables, 8x4 in., 
cloth. $5.00 to non-members.-Con¬ 

tains the standards and recommended 
PTmtiseH of the Society, revised to March, 


Standard Wiring for Electric Light 
and Powe^ 1931. By H. C. Cushing, Jr. 
M>1. by H. C. Cushing, Jr., N. Y., 1931. 
w3 pp., illus., diagrs., tables, 7x4 in., 

leather, $3.00.-^The new edition of this 

well-known handbook has been thor¬ 
oughly revised to represent the latest 
approved practise. Si>ecific directions 
are given for wiring for all ordinary pur¬ 
poses, for installing motors, generators 
and storage batteries, and for lighting. 

VERQRdSSERUNG DEE EpPBKTIVEN 

HOhb von Fluozeugschleppantennen. 
(Luftfahrtforschung Bd. 8, s. 141-154, 
Heft 6, 3 Marz 1931.) By F. Eisner, 
G. Sudeok, R« Schrder and 0. Zinke. 
Mfinchen, R. Oldenbourg, 1931. Ulus., 
diagrc., tables, 12 x 8 in., paper, 2,80 r. m. 

—Reports the results of an investiga¬ 
tion of the efficiency of trailing antennas 
for aircraft radio stations and descries 
an improved L-shaped antenna. 

Llst op Allots with Physical 
Properties of Typical Alloys. By 


W. Campbell. Phila., American Society 
for Testing Materials, 1930. 65 pp., 
9 X 6 in., paper, $1.50; cloth, $2.00. Over 
2,500 alloys are represented. These are 
mostly non-ferrous alloys, but certain 
non-corrosive and heat-resistant iron 
alloys are included. The composition of 
each alloy is given and, in some cases, 
the physical properties. 

Personnel Problems. Methods of 
Analysis and Control. By P. B. Baridon 
and E. H. Loomis. N. Y., McGraw-Hill 
Book Co., 1931. 452 pp., diagrs., charts, 
tobies, 9x6 in., cloth. $^00.-In¬ 

tended as guide in the study and solution 
of these problems. The questions that 
constantly arise under modem industrial 
conditions are outlined specifically, and 
methods for their analysis and control 
are suggested. 


ENGINEERING SOCIETIES 
LIBRARY 

29 West 39th Street. New York, N. Y. 

M aintained as a public reference 
library of engineering and the allied 
sciences, thisUbrary is a cooperative activ¬ 
ity of the national societies of dvil. elec¬ 
trical, mechanical, and mining engineers. 

Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub¬ 
ject only to charges 8uffl<dent to cover the 
cost of the work required. 

A collection of modem technical books 
is available to any member residing in 
North America at a rental rate of five 
cento per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the library 
win bring information concerning them. 


ORDER FORM FOR REPRINTS OP PULL PAPERS ABRIDGED IN THIS ISSUE OP 

ELECTRICAL ENGINEERING* 

(Juno 1931) 

Number Author Title 

n 31-1 William B. Blanton.A Printiag Telegraph Concentrator 
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□ 31-65 R. M. Stanley and C. T. Sinclair.The Primary Network 

□ 31-69 R. D. Evans and S. H. Wright.Power System Voltages and Currents Under Fault Conditions 
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a charge of twenty-live cento per complete copy w 
obtain. 
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Selected Items From 

Engine ring Index Service 


^JbLECTED references to current 
electrical engineering articles from 
Engineering Index Service’s review 
of some 1,800 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Enpneering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translation of foreign articles at 
cost. 

Boilers 

Heat from a New Type 
of Ble^rlc Steam Generator, H. Bldwell and 
L. H. Jones. Indus, and Eng, Chsm.. vol. 28. 

PTOssure inking retorts or Industrial processes 
steam Is required for 


Lons Distance Telephone Cables), P. Elein- 
steuoer. Telegraphen und Fernsprech Technik, 
vol. 20. no. 2. Feb. 1931, pp. 48-50, 5 figs. 
Various typical cases and tUmv analysis. 


Circoit Breakers 


Orompton-Parkinson, Ltd., of Ohelmsford, Ann 
has designed metal-dad oil circuit breaker on 
somewhat similar lines; unit Is made for cur¬ 
rents up to 800 amperes at 8,800 volts, or 600 
amperes at 650 volts for three-or four-wire 
cirmts, and can bemused singly or number of 
units can be made to form switchboard. 

Circuits 

VECTOR ANALYSIS. Mechanical Aids In 
^ Oonstnictlon of Vector Diagrams, B. S. 
w^lls. Gen. Eiec. Rea., vol. 34, no. 4, Apr. 

pp. 2^227, 6 to. Numerical solutions 
combined with grapMcal representations; varl- 
0118 examples from electric circuit practise are 
given. 


Academic des Sciences — Compies Hendus, vpl, 
192. no. 1. Jan, 5, 1931, pp. 38-40; «eo brief 
translated abstract in Bxperimenial Wireless, 
voL 8, no, 90. Mar. 1931. p. 166. JSxperimonta 
n electroddess discharge obtained with 3.4- 
m. waves led to appearance of series of station¬ 
ary waves which Indicate wave propagation 
along tube at velocity between 3 and 5 per cent 
of velocity of light: author had previously sug¬ 
gested that long-dmay radio echoes may be duo 
to such propagation at greatly reduced volocttios. 

Education 

ENGINEERING* R^ort Of ItKiO Survoy of 
Engineering Education, P. L. Bishop. JL Emt. 
Education, vol. 21, no. 7, Mar. 1»B1, pp. i-77. 
Siwvey to secure measure of proffross which 
had bMU made In engineering education In each 
institution. 


Cables 

I I»OCAWON* Sorvtce d*4tudes et 

tnwwione h^uendes through cable and bv 
amplifier, course of cab£ 
® <3 QCdn ctor In group of conductors 

^bles), J. B^ehle. ElektrotecMisehe Zeit 

compat^; tbree^nduetw ^ 
^^*^®j^ductor cables in three-phase system; 

SHEATHING. EristaUgefUese und 
Disglomeratlon dea RIaIau 


Compensators 

Determination d*un groupe formfi par un 
transformateur & trois enroulements et un 
^mpensateur ssmChrone (Determination of 
System Pormj^ by Three Winding T?ans- 
rormw and Synchronous Ck>mpen8ator) F 
HjUlopeau. Jrofe de VESiciii, vol! 

29. no. 9, Feb. 28. 1931. pp. 838-848, 9 figs. 

Condensers 


F^ loVr voi- 8, no. 2, 

mmurement of cry8toiut?£aln^dnSS^ 

operatliig tempei»tuw aSSf 
HETAL SHEATHED. De la orfiMrAnr*! a 

plombimtoSSr^— 

antitoine cadmium sur le plomb ^ 

<i«® galnes de cables gleettl 
tfl^honkmea ^wperlorlty of Lead-Ani 


iSea-^ deteSSinSSm electric 

capacity in 

oondffli«r M access 
E/e/r^i/ae(s»/r£MAqff, vol. 3ol^no. 6, Mw MmS’ 

SiW-.eSs'araia^^S 

may b, drain afS 

Condnits 

.®5^>«rlence d'- 


Electric Drive 

ROLLINO MILLS. Lorse Uiilllnff Mill 
Motor. Elec, Times, vol. 79, no. 2056, Mar. 
19. 1981, p. 627, 2 figs. At prosoiit tlnio thoro 
is large rolmg mill motor on test bod at Ntaironl 
of English Electric Oo., for roplnclng 
existli^ steam engine driving 27-lii. tlirotwttnnd 
reversing mill at Brown Bayloy*H Shofiteld 
works; ft operates on form of Wurd-rjooiiarcl 
ngner mtem and comprises main driving 
motor, Awheel motor generator ««l. tlii’eo 
excitors, slip regulator and necessary t*ontro): 

®* oopoolty b.hp. at 30 r, p. ni. 
is 1980; speed range at constant torcitu). r. p. in. 
is plus minus 0/30; speed range at redututd 
torque, r. p. m. u plus 30/70; anuaturo, vtjlte 

18 030 . 

M****^*- Syiichrtinoiitf 
Industary, D. It. .Shoults. 
vol. 02, no. 13. Mar. 26. 1931. 
Advan^eous fcatiiros of 
SSSsSJSSf drive in paper industry; 

method; automatic control; pulp 
S?S22^ Jo«5h>« mid boater drives; 

SSS?®* conmr^rs and screoiiH; chipper 

Paper 

^cle by autlitir. 
^Jflopments,’ previously indexed 
ffom Paper Mill, Jan. 3, 1031, under headlnir. 
Paper and Pulp Mills—-Electric Equipment. 

Electric LiRes 

HIGH TENSION OROUNDINO* Umfaii- 

^ *? <^turbance; method ^pllod 

whfnh ^ Bass^urt control t£t by 

which it was shown that for all casee of miin% 
Ingnoground voltoee, ova TOk^?Ssu^ “ 














































































typidkl elevator layout with overhead machin¬ 
ery: power panel and sizes of conduits; parts and 
de'nces that may have to be installed on modem 
high-speed elevator; tabulation of items. 


DESIGN* Tells of Elevator Engineering 
J. Sozansky. Pomer Hause^ vol. 25« 
1931. p. 52. Historical review of 
elevator developments: self-leveling 
)ratorles8 cars; wasted rentable space, 
iontreal District Engins.’ Assn. 


no. 3. ^ 
eleotric 
^e; cmei 
Before Me 


Frequency 

MBASURBMENTS. XTeber die Messung 
sehr kleiner Frequenzen und ihre Anwendung 
fuer Ferhmessungen (Measurements of Very 
Low ‘ Frequencies and Their Application for 
R mote Measurement). E. Hudec. Elektro^ 
iechnische Zeit,, vol. 52. no. 12, Mar. 19, 1981. 
pp. 389-385. 10 figis. Impulse fre^ency 

method; use of ballistic instruments; generation 
of nearly constant current by means of condenser 
ch ke arrangement; decreasing crest intervals 
through repeated smoothening; repeated switch¬ 
ing of short-circuited cable, use of filters, etc. 


Furnaces 


ANNEALING* Electrically Heated Anneal¬ 
ing Furnaces, J. O. Woodson. Heat Treating 
and Forging, vol. 17. no. 8, Mar. 1981, pp. 285- 
288 and 291. 7 figs. Progress in dedgn and 
application of annealii^ furnaces for ferrous and 
non-ferrous metals; economies for casting 
annealing runs from 8 to 15 lb. per kw-hr.; 
temperatures range from 050 to 1.650 deg. fahr., 
for carbon steel and to 1.050 deg. fiuir. for 
manganese steel. 


CALCIUM CARBIDE. La nonvelle usine 
A carbiire et csranamlde de wingles (New Oar- 
bid and Oyanamlde Plant of Wingles). R. 
Sevin. JL dti Four Electriques, vol. 40. no. 2, 
Feb. 1931. pp. 61-58, 10 figs. List of plants in 
Europe and United States giving types and 
capacity of electric furnaces; detailed descrip¬ 
tion ,of plant of Soddtfi des Mines de Lens, 
containing 2 lime kilns of 60 tons; carbide plant 
and 2 Miquet electric furnaces of 6,000 kw.; 
and their control. 


INDUCTION. Tonnage Molting by Core- 
less Induction, E. F. Northrup. Fuets and 
Furnaces, vol. 9. no. 4, Apr. 1931, pp. 473-478, 
First of series covering fimdamental 
principles of operation and construction of core¬ 
less induction furnace as applied to tonnage 
m Iting; development of high-frequency core- 
less-induction nunace; power requirements and 
sizes of furnaces and futures of construction. 
(To be continued.) 


MELTING. The Russ Induction Furnace. 
Engineering, vol. 131, no. 3404. Apr. 10. 1931, 
p. 497, 3 figs. Furnace manufactured by 
Industrie Elektro-Ofen G. m. b. H., Oologne, 
has normal capacity of 600 kg. and iscapableof 
dealing with all tspes of non-ferrous metals; 
importaut feature is that furnace can be sup¬ 
plied from ordinary mains through Scott- 
connected transformer. 


REFRACTORY MATERIALS. Refractory 
Materials for Eleotric Furnaces—I. A. B. 
Searle. Meial Industry (Land.), vol. 38, no. 13, 
Mar. 27, 1031, pp. 338-335. Copper and its 
alloys, including bronze, gun metal, brass, 
ooppen-nickel. and phosphor-bronze: refining 
furnaces; lining: use of magnesia; bricks for 
lining; crucibles; roof; annealing furnaces. 


Fuses 

HIGH TENSION. Die neue Hockspon- 
nungs-Hochleistungsicherung (H-H-Slchenmg) 
dor SSW (New High TenMon High OapaciU 
Fuse of Siemens Shuokert <Dompany-(H. H, 
Type Fuse), H. Lamplo. Siemens ZeiL, 
▼ol. ll, no. 2, Feb. 1931, pp. 66-70, 9 figs. 
New design of which fusing capacity is so high 
that they may be applied cureotv for short 
circuit protection of transformers and line taps, 
without use of reactors or resistances. 


Gen^rstors 

AUTOMOMLES. Electric Lighting Equip- 
meat, H. Cousins. Automobile Engr., vol. 
21* no. 278. Mar. 1931, pp. 100-106, 26 figs. 
Design and operation or various tsrpes of 
dynamos; funcnquizig of regulators with partic¬ 
ular regara to consideration of service require¬ 
ments and reliability; diagrams illustrate 
O.A.V., Scintilla, and Bosch compensated 
voltage control system. 

COILS. The Importance of Accurately 
W und Field ColUi. J. O. de la Rosa. Elec, 
News, vol. 40, no. 6, Mar. 15, 1981, pp. 57-68, 
1 fig. By rewinding each of 12 field coils ^ 
rotary to standard e^valent resistance spark¬ 
ing was cozmdet^ eliminated. 


Heating 

Industrial Applications of Electric Heat, 
L. M. Jenks. Etec, Specifications, vol, 3, no. 
4, Apr. 1931, pp. 12-18, and 45. 4 figs. Last 
10 years have brought development and per- 
fecraon of so many new and imusual electric 
heating devices that it seems nothing is impossi¬ 
ble; primarily, it may be said that electricity 
makes better product at lower cost; labor 
item should receive special consideration where 



O. E. Schirmer. Am. Soc. Mech. Engrs .— 
Adoance Paper, for mtg. Aiar. 13-18, 1931, 2 pp. 
Us of twoHq;>eed squirm cage induction motors 
upon monorail hoists has been neglected until 
recently, and since use of such motors bestows 
worth while operating characteristics to such 
hoists at low cost, their more frequent use for 
such service is assured; chart showing actual 
speeds for various loads S-1 1-ton 2-8peed 
Robbins A Myers electric hoist. 

Hydroelectric 


BUILDINGS. The Bleetric Heeting of 
Buildings. Engineering, vol. 131, no. 8402, 
Mar. 27, 1081, p. 415. Review of two papers 
read before Institution of OivU Engineers and 
Institution of Electrical Engineers, respectively; 
first, by S. M. Saunders and W. L. Swale, 
describes results obtained from electric thermal 


HOW 

VALUABLE 

Is This Service 

TO you? 

nr^HE 8ix-month trial period 
of publication of Selected 
Items from Enfiineerinii Index 
Service’’ in ELECTRICAL 
ENGINEERING closes with 
this issue. 

nrO OUn>B the PnhUcatioii 
Committee in determinlnit 
whether to continue or dis- 
continue this department the 
question will be discussed at 
the delegates conference to be 
held during the summer con¬ 
vention in Asheville, June 
22-26, 1931* 

Individual comments and 

suggestions are invited; they 
should be made promptly and 
addressed directly to the 
A. I. E* E. Editorial Depart* 
ment, 33 IVest 39th Street, 
New York, N.Y. 


AUTOMATIC POWER PLANTS. FuUy 
Automatic Hsrdro Power Plant. P. J. Oroft. 
J. R. Dealoover and D. Hutchison. Con* 
Engr., vol. 6(1 no. 10. Mar. 10, 1981, pp. 
11-14,6 figs. Operation of electrical equipment 
at Upper Notch Plant of Northern Ontario 
Power Oo.; equipment consists of two 48-ft. 
head, e,S00-hp., 125-r. p. m, hydraulic turbines 
direct connected to two d.500-kva.. 11,000-volt, 
25-cycle generators; fully automatic control 
and switching equipment designed for possi¬ 
ble remote control firom distant superrisory 

? lant: metal-clad switchgear; four 4.500-lrra.. 
1,000/110,000-volt, 25-cycle transformers. 



Desloover. Etec. Nem, vol. 40, no. 6. Mar. 15, 
1931. pp. 39-42 and 48, 7 figs. XJpper Notch 
plant of Northern Ontario Power Oo., situated 
on Montreal River 12 mi. south of Cobalt in 
heart of Canada's greatest mining district, is 
one of Canada's largest fully automatic hydro¬ 
electric generating stations and represents latest 

S ractise in this t^e of control; it contains two 
,500-kva. 11,000-volt, 26-cycle generators, two 
48-ft. head, 6.500-hp. 126-r. p. m. turbines, with 
fully automatic control. 


POWER PLANT EFFICIENCY. Auto¬ 
matic Hydro Plant Economy Proved by Experi¬ 
ence. J. M. Gaylord. £/w. World, voL 97, 
no. 12, Mar. 21, 1931. pp, 532-635. 4 figs. 
Program of rehabilitation of smaller hydro¬ 
electric plants, which has resulted in 17 of these 
plants omg made automatic or seml-automatie 
by Southern Oallfon^ Edison Oo., Ltd., since 
1919:11 years' experience in operation t semi¬ 
automatic plants on system has demonstrated 
very definite savings in operating labor; under 
manual operation 17 plants required 77 pera- 
tors while with automatic operation 33 operators 
are employed; reduced labor cost and nousing 
expense amount to 57 per cent and turnover to 
66 per cent; plants pay for themselves in 5H 
years. 


Becherches sur la thermodynamique de 
I'Hystdrdsis (Studies on the Thermodynamics 
of Hysteresis), A. GuUbert. Soeietb Francaise 
des Eledriciens — But, vol. 1, no. 2, Fob. 1931, 
pp. 175-202, 11 figs. Experimental verification 
of theory expounded in Revue G6n6ral6 d'Elec- 
tricltfi of Jan. 5, 1029, indexed in Engineering 
Index 1929, p. 070. 

Industri*! Plants 

PURCBASED vs. GENERATED POWER. 

Was darf die Kilowattstunde kosten? (Permissi¬ 
ble dost of Kilowatt Hour; Diesel Engine vs. 
Electric Motor), K. Dolzmann.. Eiektrizitaeis-^ 
wirischaft, vol. 30, no. 6, Mar. 1931, pp. U9- 
157, 13 figs. General riewpoints for decision 
in problems of purchase of electric power or 
generation in own plant are discussed for small 
and average plants: factors and possibilities to 
be considered in valuation of Diesel engine and 
electric motors for this t^ of plant are^ana- 
l^ed; all necessary datafor both ^es are given. 


storage as applied to building heating; includes 
list of 22 Bueh. installations in Great Britain; 
second paper, by T. J. Illingworth, deals with 
economic application of electricity to space 
heating by au principal systems, and examines 
several sources of loss of which account must be 
taken In nuddng comparison between different 
systems. 



MOTORS. Application of Two-Sp^ La- 
duetlon Motors to Monorail Elen^ric Hoists, 


Insulating Oil 

CARBON BLACK EFFECT, Effect <St 
Carbon Black on Insulating 0%, W. B. Wle- 
gand, O. R. Boggs and D, W. Kitchin. Indus, 
and Brw, Chern,, vol. 28, no. 8, Mar. 1931, 
pp. 27^276, 6 fl|^. Series of experiments 
designed to illustrate meriianism of action of 
carbon black is described: results Indicate that 
action is one of removing moisture and/or 
electrolytes: brief summary of other methods 
for tarea^ing new and used insulating oils and of 
more important literature. 

DIELECTRIC LOSSES., Dielektris^e Yer- 
luste in Oelen pielectric Losses, in. Oils), A. 
Gemant. Zell, fuer, Technische Physlk, vpl, 11. 
no. 12. Dec. 1930, pp. 544-545. Prwf that 
losses in oil at low fr^encies are due to different 
process (Wagner effect) from that causing them 
at hl^ frequencies (Debye effect). 

Lamps 

Urges Large Lamps in Modem Illumination, 
M. M. Samuels, fin:. World, vol. 97, no. 13, 
Mar. 28.1931, .pp. 505-597,1 fig. One peculiar 
feature nas established itself in whole develop- 


June 1931 


465 




ment of modern lighting eaulpment; it is so 
persistent and so obJec^nnble that it seems 
necessary to discuss it in detail; getting away 
from candles and round bulbs, modem units 
appear principally in form of flat glass over very 
shallow fixtures or long glass panels or metal 
panels likewise on very shallow fixtures, all 
requiring long tubular lamps. Before Ulum, 
Eng. Soc. 

OLOW. Neue Gasentladungslichtquellen 
(Novel Oas Discharge Sources of Illumination). 
M. Piiani. Lichtieatnik (5upp, to Elektrotech~ 
nik a. Maschinenbau), vol. 8, no, 1, Mar. 16, 
1931. pp. 1-8.2 figs. New types in which many 
of disadvantages of previous types have been 
overcome; they are manufactui^ in two types, 
one with excitation in negative glow light used 
for television and rimllar purposes and hJgh- 
capadty tubes with excitatfon in positive 
column; efficiency is 15 to 20 per cent. 

Lijht and lighting 

Modeme Beleuchtungsarten und Leuchten, 
ihre Anwendung. Aniiu m tmd Wirtschaftlichkeit 
l^odem Methods ^l&hting and Equipment, 
Their Application, Inst^tion and Economy). 
0. Herkt. Deutsche Bauzeituna^ vol, 65. no. 
11-12, Beb, 4, 1231, pp. 29^6, 48 ligs. Object 
and light intensity; room lighting and color; 
table snowing light intensities for various rooms 
and locations; outside lighting; various samples 
of modem interior and extemr lighting; show 
f window, indoor lighting, etc. 

Poqt<Jaudle Effectiveness a Measure for 
Illumination, M. Luckiesb. Eiec. World, vol. 
97, no, 12, Miar, 21,1931. pp. 553-554. Reason¬ 
ableness of demand for 10-ft. candles for visual 
work of this ty]^ may be tested; visibility of 
letters in telephone directory with letters of 
same size printed on fine book-paper with deep 
black ink are compared in table. 

FILTERS. Filters for the Reproduction of 
Sunlight and Daylight and the fjeterminatlon 
of Color Tenmerature. R. Davis and K, S, 
Olbson, U. 5. Bur. Stcuidard^—Miscellaneous 
Pub., no. 114, Jan, 21, 1981, 166 pp., 71 figs. 
Spectral energy distributions; component mate- 
ri^ of filters: methods of computation; use of 
filters; spectrophotometric data; examination 
wd trial of completed filters; preparation of 
Davls-Glbson filters. BibU 


years has resulted In complexity in metering of 
three-phase supplies and has oonitonted meter 
enjgtoeer with task of achieving accuracy under 
difficult conditions; large btilk supplies are most 
complex and demand high standara of accuracy 
for commercial reasons: each additional com¬ 
plexity introduces additional source of error 
and paper deals with inaccuracies introduced by 
amduary apparatus and spedal equipment. 


Motors 

LOADS. Motors for High-Inertta Loads— 
II. R, E, Emerson. Indus. Eng., vd, 89, no. 3, 
Mar. 1931, pp. 130-132, 2 figs. Consideration 
of energy stored In flywheel; use of high inertia 
in flywheels for handling peak loads while 
motor runs at full-speed. 

MAINTENANCE AND REPAIR. Electric 
Motor Operation and Maintenance—U. 0. H, 
Emerson, Power Plant Eng., voi, 85, no. 7, 
Apr, 1. 1931, pp. 428-425. Methods of pro¬ 
cedure in determining condition of machines; 
instruments used; oyeraauUng and repair. 

STARTING. ITn nouveau ddmarreur auto- 
matique pour moteurs dlectriques (New Auto¬ 
matic Starter for Electric Motors). Science ei 
Industrie, vol, 15, no. 205. Feb, 1931, pp, 85-87 
and 92,3 figs. New electrol^c starter of Rene 
Planchl Co. in VlUefrancesur Saone is described; 
advantages and field of application are outlined. 

TESTING. Tests of Rotating Electrical 
Apparatus for Electrical Characteristics, A. C. 
Roe. Power Plant Eng,, vol. 86, no. 6, Mar. 
15, 1931, pp. 372-373. tactical discussion of 
proper methods to be employed in electric 
motortests. 

RAILROAD. Field Shunting and Modem 
Motor Design, L. B. Hewitt. EUc, By. Bus 
and Tram fi, vol. 64, no. 1696, Mar. 13, 1931, 
pp. 141-148,3 figs. Metropolitan Electric Tram¬ 
ways carried out experiments several years ago. 
on their 40-hp. uon-lnterpole motors, using field 
shunting with object of Increasing top speed and 
improving acceleration; this was arranged by 
means of contactor which was energized on last 
notch of controller, but under oontrm^of specially 
designed relay which automatically prevented 
shunting coming Into operations if conditions 
were such that current would rise above pre¬ 
determined amount. 


determining when accurate values have been 
obtained; attention is called to necessil^ that 
standards shall be magnetically uniform. 

Photoelectric Cells 

Photoelectric Tube Increasingly Applied in 
Industaw, J. W. Marshall. Iron Age, vol. 127, 
no. 13, Mar. 26. 1931, pp. 1012-1013, and 1067- 
1068,3 figs. OTOration prindplos and Industrial 
application Including application to problem of 
padcaging machine design. 

Construction, (Operation and Oharacteriatics 
of Photoelectric Tubes, L. R. Holler. West. 
Soc. Bngrs. — Jl, vol. 36, no. 1, Feb. 1931, pp. 
15-25,15 figs. Guide to intelligent selection to 
accomplish desired results. 

Power Factor 

Power Factor Oorrectlon in Industry. J. 
Murray* Blast Furnace and Steel Plant, vol. 19. 
no. 4, Apr. 1931, pp. 560-563, 8 figs. Simple 
method and equipment for power-factor correc¬ 
tion in industrid plants. 


VISUAL EFFICIENCY. Visual Perform¬ 
ance Under Daylight. Incandescent, Mercury 
Vapor, and their Mhctores, K. T. Tang. Ilium. 
Eng. Soc. — Trans., vol. 26, no. 8, Mar. 1031, 
TO. 268-274. 6 figs, partly on supp. plates. 
B^pidity with whldi detail of test obj^t could 
be perceived, using, at same levels, usual light 
sources, alon and In comifinatlon; fllnminaTOn 
levels studied were 5- 10- and 20-ft. candles in 
test obj ct: each kind of light was used sep¬ 
arately at all three intensities, and combinations 
of two and three kinds In equal amounts were 
also used at all three levels. 


lightning 


Oomparalson du couplage sSrle-paralldle et 
du couplage sdrie permanent des moteurs 
compound dans les mrstemes & rOoupdration 
(pompar^n of Serles-ParaUel and of Permanent 
Series Oonpllng of Oomround Motors In 
Regenerative Systems). F. Guery. Reoue 
Ginirale de I* Electricity, vol. 29, no. 10, Mar. 7, 
1981, pp. 381-385, 3 figs. Comparison of S 3 FS- 
tems of Bacqueynsse and LiOvre: study has 
bearing upon essential characteristics of motors 
and regarded from standpoint of dimensions, 
all other conditions remaining same: author 
points to importance of losses m series parallel 
system. 


CONDUCTORS. Lynafledere (Lightii^ 
Erector), L. Ernst. Elehroieknikeren, vol. ^ 
no. 4. Peb. 22, 1931, pp. 67-79, 12 fin. Study 
of proper layout and wiring of conduotors for 
all types of buildings; importance of factor 
controlling action of Umthmg condnctor such 
as dimenaons of buildug and materials, geo- 
loglcta factors, etc. 


Materials Handling. 

MANVrACrCRING PLANTS. Matwlal 
H a n d ling in Mafss Production at the General 
BJectoic Plant, H. O. Rmidle. Am. Soc. Mech. 

Engrs.—Advance Paper, for mtg. Apr. 18-17, 

1931, 5 TO. Conveyor system used thmughout 
wipus buii^gB where refrigerators are made 
at General Electric Co., has eliminated conges- 
SSPr. retractojg of materhd routes, delays in 
A^ule, spoilage of materials, and maintenanoe 
and replacement of industrial trucks; conveyor 
serves as traveling stockroom, thus releamog 
floor space for use m manufacturing operations. 

Measnremento 

_ ALTERNATINO.CUK1UBNT. A New 
Serim of Alternating Omrent Instruments. 

World Power, voL 16, no, 87, Mar. 1981, pp. 

199-201. 4 flgB. Alternating current measure¬ 
ments iMve long been at disadvantage as 
oompam wlm ^ect-current measurement; 
perfectiant during last few years, of dry copper- 
pxffie reefer has put a-c. tesrog on different 
basis; desto and operation of rocker operated , 

ffis^rument. PeimeiiinDters 


Networks 

Fundamentals of the Medium Voltage Net¬ 
work, D. K. Blake. Gen. Elec. Rev., vol. 34, no. 
4. Apr. 1931, pp. 210-217,17 figs. Modem a-c. 
low-voltage 120/208-volt network has brought 
out substantial economies, simplification, flexi¬ 
bility, and standardization Involved In network 
principle; It Is not generally recognized that 
network principle is applicable at medium 
voltage (4,000 volts) to residential and indus¬ 
trial areas having very low densities. 

MAINTENANCE AND REPAIR. De Tor- 
ganlsatlon du controle permanent de la con- 
structlou et de Texploitatlon d’un rdseau rural 
de distribution d'energie dleotrique (System 
for Permanent Supervision, Construction and 
Exploitation of Rural Dlst^utlon Network), 
L. Melot. Revue GBnBrale de V Electricity, vol. 
20, no. 11, Mar. 14, 1981, pp. 429-487, 4 tie. 
Simple schematic and accurate number Idenl^- 
cation and index scheme for repairs, extensions, 
etc. for network system In con^uous process or 
development; method has been suceessfuUy 
applied by author on networks of Lolr-et-Oher 
district. 


Ohmmet^s 

Bin neues Megohmmeter (New Megger), W. 
Jaekel. V. D. i. Zeit., vol. 75, no. ll/Mar. 14. 
1931, p. 816, 2 figs. New type of Siemens and 
Halske for measurement of insulating resistances 
of machineiy equipment and cables up to many 
thousands of megohms; easy handling is featured. 


Metering 



381.293 and 
Development oi 


393-408. 15 fib. 
supply during recent 


TESTING* A Method for the Standardiza¬ 
tion of Permeameters at High Magnetizing 
Forces, B. L. Sanford. tJ. S. Bur. Standards-^ 
JL Research, vol. 6, no. 3, Mar. 1931, pp. 356- 
362, 6 figs. Apparatus suitable for testiDg of 
standard magn tic test bars to be used for 
stand of magnetio permeameters with 

high magnetikng forces; c^rion is ^ven for 


Sadio 

ABRIAL COMMUNICATION. Buropaan 
Aviation Radio, G. O. Gross. Inst. Radio 
Engrs. — Pros., vol. 10, no. 3, Mar. 1931, jpp. 
341-350 and (disoui^on) 351-852, 15 
Observations made on inspection trip over major 
European airways; aviation radio in Europe 
differs from aviation radio in United States 
In prevalent use of Intermediate frequencies 
exclusively; it may be divided into communica¬ 
tion from ground to plane and plane to ground; 
polnt-to-ppint communications in connection 
with traffic dispatching of aircraft; meteoro¬ 
logical communication relating to safe flying 
conditions. 

BROADCASTING. Ten Years of Broad¬ 
casting, O. W. Horn. Inst. Radio Engrs .— 
Proc., vol. 19, no. 3, Mar. 1031, pp. 356^76, 15 
figs. Salient points in development of broad¬ 
casting during last decade are reviewed: it is 
shown that ihrther improvement may be ex¬ 
pected with more extensive introduction of 
higher powered transmitters. 

DETECTORS* Grid Circuit Power Rectifi¬ 
cation, J. R. Nelson. Inst. Radio Engrs .— 
Pros., vol. 19, no. 8. Mar. 1931, pp. 489-m. 7 
figs. Grid circuit power rectifleation is investi¬ 
gated by studying ideal rectifier and applying 
results obtained to case of tube rectifier; 
characteristic curves are used in study to 
obtain optimum conditions for rectification and 
order of output voltage obtainable; conditions 
for minimnm loading of droult preceding detec¬ 
tor are discussed. 

ELECTROLYTIC CONDENSERS. Elec¬ 
trolytic Condensers for Radio Use, F. W. 
GUkusey, Jr. Electronics, vol. 2, no. 4, Apr. 
1931. pp. 696-597,4 figs. Prindplos, equipment 
and its construction are describM; electric and 
performance characteristics are fldven. 

GENERATOR FREQUENCY* The Design 

of Radio-F-’ -- 

Bird. Inst 

Mar. 1931, _, _ ___ 

involved in designing dgfial generators free from 
stray voltage errors are considered; Importance 
of aooounting for all drenit details, pamculaiiy 
of wiring elements, is stressed; impedances of 
certain connections, pa^cularly of output con¬ 
nections from generator to measured receiver, 
are shown to be important; dtielding Is con¬ 
sidered in some detail. 

MEASUREMENTS* Measurement of Besfs- 
and Impedances at High Frequencies, 

J. w. Labus. Inst. Radio Engrs. — Proc., vol. 

19, no. 3, Mar. 1931, PP. 452-^, 4 figs. It is 
^own that absolute value of unknown impe¬ 
dance, when put across end of transmission line, 
is simple function of ratio of currents, measurea 
at beginning and en d of transmission lin : 
me^odhas&en tested out at wavelength of 21.8 
meters, measuring resistance of number of grid 
leads and of decade box; a-c. resistance was con¬ 
siderably higher than labeled d-c. value; t same 
time shunted cairatclty across resistors has been 
measured and value have been obtained, which 
agree with expectations. 

OSCILLATORS, PIEZOELECTRIC. Mea¬ 
surements of Temperature .Coefficient and 
Pressure Coefficient of Quartz Crystal OscU- 
lators, S, L. Brown and 8. Harris. Rev. Set 
Instruments, vol. 2, no. 8, Mar. 1981, pp. 189- 
188, 2 figs. Method of measurement is used 
Whereby variation in fi*equenoy of hi^ fre¬ 
quency oscillator can be measured easily to 
fraction of part In miUion; audible different tone 
produced by hstmonic of constant, high fre¬ 
quency oeoillator and harmonic of second oscil¬ 
lator is compared to tone of variable, calibrated 
audio frequency oscillator. 
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OSCILLATION. Oscillation in Tuned 
Radio^Frequency AmpUllers. B. J. Thompson. 
Inst. Radio Enqrs. —Proc., vol. 19, no. 3, Mar. 
1031, pp. 421-^7. 4 1^. Wide use of screen- 
grid tubes renders tmderstanding of conditions 
for stability of tuned radio-fiiequency ampliflers 
important; in this i>aper relation between feed¬ 
back capamty fmd other circuit and tube param¬ 
eters at threshold of instabUJty is computed 
for one, two, three and four stages. 

RESISTANCE. Resonant impedance and 
Bifective Series Resistance of High-Frequency 
Parallel Resonant Oircuits, H. Imuma. Inst 
*■ Radio Engrs. —Proc., vol. 10, no. 3» Mar. 1931, 
pp. 467-478, 11 flgs. Bicample of application 
of method published in same journal, March 
1930, p. 537, **A method of measurl^ radio¬ 
frequency resistance of oscillatory circoit.'* 

SHORT WAVE. Radio Oommuuicatlon on 
Very Short Waves. Engineering^ vol. 131, no. 
3404, Apr. 10.1931, pp. 482-483, 7 figs. Bxperi- 
mento are being m^e on wavelength of 18 cm. 
, by International Telephone and Telegraph 
I^limratories. Inc., of Hendon, and Laboratories 
of *Le Matdriel TeldpUonique,'* of Paris, between 
St. Margaret’s Bay, near Dover, and Cap 
Blanc, in France: apparatus used for this purpose, 
D^inly developed by French en^neers, consists 
of terminal equipment of normal design, which 
Is connected to transmitter and receiver. 

Railroads 

ELECTRICAL ENGINEERING. Report 
of the Committee on Electricity. Ru. Age 
iDaitg Edition), vol. 90, no. lOB, Mar. 11.1031, 

S p. 528-D44-45 and (discussion) 528-D45-46. 

ynopais of matter presented before electrical 
section. Am. Ry. Assn., in October. 1030. 
Before Am. Ry. Bng. Assn. 

_ ELECTRIFICATION. Thirty-Five Years’ 
BxjMrience with Heavy Electric Traction, 
S. Withington. Rg. Age. vol, 90, no. 12, Mar. 21, 
1931, pp. 577-579. Satisfactory eqtiipment has 
been found: conditions justifi^^ electrification 
have been determined; need of unified system; 
era of expansion; early New Haven experience; 
important developments based on experience. 
Before New York Railroad Club. 

INTERLOCKING SIGNALS. New Control 
System Used at Electric Interlocking on the 
Burlington, W. F. Zane. Rv. Signaling, vol. 24. 
no. 3. Mar. 1931, pp. 81-84,6 figs. Independent 
control and indicatloD chcuits make for simplic¬ 
ity, reliability and freedom from grounds; signal 
layout plan; tower and power equipment at 
Downers Grove, Ill.; interlocking machine: 
outside construction: control and indication cir¬ 
cuits: locking and signal drcuits. 

Remotely-Oontrolled Interlocking Solves 
Problem on O. and N. W.. S. E. Noble. Rg. 
Signaling, vol. 24, no. 3, Mar. 1931. pp. 
85-86, 4 figs. Extensive plant at West Nelson. 
III. controlled from desk levers in tower at 
another interlocking; track and signal plan of 
remotely-controlled plant: change in layout and 
circuit design; lever indication lights; outside 
construction. 

OPERATION STATISTICS. Electric Rail¬ 
ways Carry On in a Year Beset with Difficulties. 
Elec. Rg. JL, vol. 76, no. 4, Apr. 1931, pp. 197- 
200. Operating economies obtained in 1930 off¬ 
set in large measure decreased revenues that 
were general: reports ftom 75 companies operat¬ 
ing transportation lines In UnitM States and 
other countries analyzed to give significant 
statistics: table of condensed financial reports of 
electrical railway properties 1930-1929. 


Rectifiers 

HIGH CAPACITY. High Power RMStUlers, 
J. W. Rissik and H. BJssik. Engineer, vol. 161, 
no. 3923. Mar. 20, 1931, p. 322. Editoriai 
review of paper before Institution of Electrical 
Engineers, in which increasing field of applica¬ 
tion of rectifier Is attributed to its economy on 
fluctuating loads, reliability under most severe 
operating conditions, rapidity with which it 
can be set to work, and fact that it Is unaffected 
by disturbances on ans. side; although discussion 
Indicated that certain manufacturers are in- 
cUn d to favor 600-volt rotaries, mquerlences on 
Continent and In America dearly show that 
engineers firequently specify rectifiers for 600 
volts and similar pressures. 


nVERCURY-ARC. Mercury-Arc Power 
Rectifier Auxiliaries and Accessories, E. S. 
Waterman. Gen. Elec, Ren,, vol. 34, no. 4, 
Apr. 1931, pp. 228-234, 16 figs. Exhaust sys¬ 
tem: vacuunormeasurlng and regulating devices; 
ignition and excitation equipment; cooling sys¬ 
tem; thermal control derices; degassing equip¬ 
ment ; resonant shunts and series reactor. 


Refrigeratfon 

A 

The Young Engindbr In the Refrigerating 
Industries, A. B. Stevenson, Jr. Refrv* Eng,, 


vol. 21. no. 4. Apr. 1931, pp. 256-258. Survey 
of possibilities for young engdueer la refrlgerati^ 
industries: classification of engineers by G^ieral 
Electric Co. together with qudlflcaaons and 
posstbilitiee in rollowing four classes: develop¬ 
ment. design, application and sales enc^eering. 


Regnlation 


MACHINERY. Ueber die Regluqg von 
Spitzenlast und Grundlastmaschinen (BeguUu 
tiOQ of Peakload and Base Load Machinery), 
W. Eleser. Elekirizitaetswirtschgft, vol. 30, 
no. 6, Mar. 1931. pp. 164-170. 13 figs. It Is 
shown what unavoidable frequency fiuctuatlons 
result in three-phase network from changes In 
load and how these fluctuations may be kept 
within narrow limits. 


Remote Control 


SHIP STEBRINO GEARS. Her qrmp.- 
thische Fernantried fuer Regel- und Uimcehr- 
organe von Rudermascbinen (Electric Control 
of Ship Steeri^ Gear), H, Rohrs. Schiffbau, 
vol. 82. no. arPeb. 1, 1931. pp. 60-64. 9 
SCO also brief translated abstract in Afar. Engr. 
and Molorship Bldr„ vol, 54, no. 642, Mar. 1931, 
p. 116. Disadvanttees of normal steering rod 
and chain control of rudder quadrant: electric 
^tallation by A. B, G.. known as sympathetic 
distance control, is so arraiued that rudder 
^accumtely and immediately follows each unit 
degree change in rotation of steerii^ wheel; 
steering eng^e valve is controlled by geared 
motor supplied vrith current from Leonard 
motor-generator. 


Resistors 


DESIGN. Mtromrogelungen be! Labora* 
toriumsmcsstingen (Current Regulation in 
Laboratory Measurements), Q. Hauffe. Eiek^ 
irolechniscne Zeii,, vol. 52, no. 11, Mar. 12, 1931, 
pp. 340-341, 4 figs. For exact adjustment of 
current readings, parallel dimensions of resistors 
Is often required: range of remilatlon and dimen¬ 
sions of such equipment are diacussod and curves 
for quick design are dovoloi^ed. 


Rheostats 

Theory of a Combined Series and Potenti¬ 
ometer Rheostat. J. R. Nielsen. Reo. Sci. 
Instruments, vol. 2. no. 3, Mar. 1931, pp. 184- 
186, 1 fig. Theoretical mathematicid analysis 
pertaining to rheostat designed by Dodge and 
which permits rapid change from senes to 
potentiometer connection, or rice versa, by 
simple closing or opening switch. 

Sound Measurement 

Mesiu^e des intensity sonores par la mdthode 
des eciiitillations (Measurement of Sound 
Intensities by Scintillation Method), F. Oanac. 
Physique ei le Radium — JL, vol. 2. no. 2, Feb. 
1931, pp. 42-60, 10 figs. Theoretical analyris, 
measurements and results of experiments. 


Spectrnm Analysis 

Energy Measurements in the Visible and 
Ultraviolet, F. Bendord and B. F. Howe. 
Ilium. Eng, Soe.^Trans., vol, 26, no, 3, Mar. 
1931, pp. 292-301 and (discussion) 301-305, 
6 fim. Three common ways of making energy 
analysis in visible and ultraviolet are photo¬ 
graphic method, filter method and monochro¬ 
mator method; these three methods are not fully 
interchangeable and nature of source of energy 
often dictates which shall be used; inherent 
limitations of all three are discussed with refer¬ 
ence to measurements of sunlight and some 
of common sources of light and ultraviolet ra¬ 
diation. 


Substations 


INDUSTRIAL. Induatrlal Plant SuJMta* 
tions, O. H. Renschel. South. Power JL, vol. 
49, no. 3. Mar. 1981, pp. 67-72 and 74, 9 fla. 
Notes on Indoor and outdoor types of industrial 
plant substations; general layout and equipment 
design; typical irifttAUftriong ; multlpre larams- 
former stattens; combination stations; secondary 
substations. 

LIGHTING. Outdoor Substation Lighting, 
H. E. Hutter. Elec, Ren,, vol. 108, no. 2781. 
Mar. 13.1931, pp. 460-461 ,6 fin. Principles of 
underlying provisloii of adequate iUuminarion to 
meet requirements both of normal operation and 
emergency repair work; samples of lighting units 
to be xised, design and construction and details 
are given. 


Synchronizers 

AUTOMATIC. Automatic Synchronizing 
Equipment. Power Engr,, vol, ite, no. 300. 
Mar. 1931, pp. 106-109, 12 figs. Pripclples of 
and apparatus for ssrucibironizing a-c. generators 
automatically; Brown-Boveri apparatus for 
automatic synchronizing: Reyroue system; 
performance curves and dlteirams. 

Truisformers 

AUTO. Auto-Transformers for Starting 
Induction Motors, A. Holt. Power, vol. 73. 
no.^13. Mar. 31. 1931. pp. 508-510. 8 fltt. 
Although induction motors desired for starimig 
on full voltage have come Into general use. there 
are vast numbers in service that are started on 
reduced vMtage; voltage supplied by auto¬ 
transformers; practical discussten of selection 
and care of electric equipment. 

_ GROUNDING. Grounding Transformers, 
H. Fahnoe and E. G. Reed. Elec. JL, vol, 28, 
no. 4. Apr. 1931, pp. 226-280,10 flgs. On three- 
phase power 83 ^m grounding transformer Is 
nrequently used not only to provide n utral 
ground connection, but also to limit te predeter¬ 
mined value current flowing during line-to- 
ground fault; notes on star-delta connected 
grounding transformers: interconnected-star 
grounding transformer; thermal protection of 
groimding tranrformers; equiv^ent kv. rating 
of grounding transformers; numerical examples. 

INSTRUMENT. Ourrent Transformers, 
G. W. Stubblngs. Elec, Rep., vol. 108, no. 2871, 
Mar. 13.1931. pp. 462-463,1 fig. Critical study 
of various methods of determining errors: vector 
relationships; absolute methods of testing: 
comparison methods of testing; elimination of 
detector errors; novel comparison methods. 

Waves 

TRANSIENT. Die UmbOdlng der WeUen- 
form durch Eapazitaeten und Induktivltaeten 
bei durch Fimken aumeloesten Wanderwellen 
OteShaping of Wave Form by Capacity and 
Inductance of Spark Generator Traveling 
Waves), W. Sriillling. Archio fuer Eleklroteeh- 
nik, vol. 25. no. 2, Feb. 21. 1031, pp. 97-122, 21 
flgs. Voltage characteristic of waves In simple 
circuit; approximate equations for large breakuig 
capacities; influence of capacity and Inductivity 
in wave form and voltage. 

ULTRA-SHORT. Sur la rfiflexion des 
ondes dlectromagndtiques (Reflection of Electro¬ 
magnetic Waves), C. Gutten and (>. Beauvais. 
Aeadimie des Sciences—Comptes Rendus, vol. 
101, no. 26. Dec. 20, 1030, pp. 1418-1420: see 
also traoriated abstract In Experimental Wire¬ 
less, vol. 8. no. 00. Mar. 1031, pp. 143-144. 
Experiments with reflected idtra^ort waves 
from 6 to 10 m. and results obtained. 

Welding 

HYDRAUUCTURUNBS. HjrdravdlcTur^ 
bine Repaired by Electric Welding, C. R. Reid. 
Power, vol. 73, no. 12. Mar. 24, 1031, pp. 478- 
470, 3 Am. Badly damaged Francis-type 
runner of ^,000-hp. unit repaired at cost of 
only $2,^4. 

PIPE LINES. 1030 Piping Jobs fllmpUfted 
to Welding. W, B. Wood. Heal, and Piping 
Coniraciors Nat, Assn, — Qff, Bui,. vol. 38, no. 

4, .^r. 1031, pp. 37-80, 0 figs. Advantages of 
weldinff as exenmlified by Empire State and 
Cornell Medical Center installations. 

SHEET STEEL. Sheet Metal Welding 
Formulae. Shut Meial Industries, vol. 4, 
no. 11, Mar. 1081, pp. 084, 986, and 980, 3 figs. 
Up to present, literature of welding processes 
reveals almost complete absence of formulas; 
first attempt to obtahi such laws carried out 
by D. Seferian; results of tests are shown in 
table and are also represented graphically. 

SHIPBUILDING. Experiences with an^* 
Electrically-Welded Shto. Engineering, vol. 
131, no. 3403, Apr. 8,1931, pp. 46(^1, 3 figs. 
FuUa^. now known as Shean, was launched in 
1920; vessel has several times been aground and 
on each occasion, later examination uiowed keel 
and bottom plating to have stood severe con¬ 
ditions wlthont ill effect; after more than 11 
years of servloe it has been impossible to trace 
any tmdue corrosion in welded structure; 
experiences form remarkable demonstration of 
potelbilities of electric welding in ship construc¬ 
tion and vahiabie tribute to methods and 
materials of Quasi-Arc Co. 

TRACKS. Welding Manganese Track Work, 
H. H. George. Traction Shop and Roadway, vol. 

4. no. 3, Mar. 1081, pp. 77-80, 16 flgs.: see also 
Elec, Tradion, vol. 27, no. 3, Mar. 1081, pp. 
126-127,16 figs. Knowledge of, and adherence 
to fundamental requirements, found through 
experience, results m long life for track work 
reconstructed by welding; Olevelond’s welding 
rules; frequent repairs to frogs handled quiCkly 
by welding; switch repairs that save money and 
prevent derailments. 
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InilKsirial jVoies 


radio receiver. Drawings of various oir- 
cuite are included. The Stenode Corpo- 
ration of America, Hempstead Gardens, 
L. L, N. Y. 


Lamp Companies Merger-Plans for a 
merger have been approved by the 
directors of the Hygrade Lamp Company 
of Salem, Mass., and the Sylvania Prod- 
uctsCompany and theNilco Lamp Works, 
Inc,, both of Emporium, Penm Com¬ 
bined sales of these companies amounted 
to approximately «0,000,000 for the year 
1930. The Emporium and Salem units 
each manufacture incandescent lamp 
bulbs and radio tubes. The electric lamp 
bulbs are manufactured and sold under a 
license agreement with the General Elec¬ 
tric Company. 

A New RectUler.—^A new line of heavy 
duty rectifiers has been announced by 
the B-L Electric Manufacturing Com¬ 
pany, St. Louis, supplementing the small 
rectifiers which the company has produced 
for some ye^. These rectifiers are con¬ 
structed entirely of metal plates without 
any moving parts and are of rugged con¬ 
struction. They are used to obtain low 
voltage direct current from the ordinary 
alternating-current lines and for this 
purpose require the use of small step- 
dom transformers. Many applications 
exist for the use of such rectifiers in 
the fields of radio, sound-film equipment, 
signaling, alarms, industrial control, etc. 
B-L Electric Mfg. Company, 19th & 
Washington Avenue, St. Louis. 

New G-E Plant Near Completion.—The 
new milhon dollar Cleveland wire works 
plant of the General Electric Com¬ 
pany, which is being erected at South 
Eu^d, on the outskirts of Cleveland, is 
^pidly nearing completion, according to 
E. J. Bdv^ds, engineer in charge of plant 
construction for the incandescent lamp 
department. The new plant, which is to 
be devoted io the manufacture of filament 
whe, represents the hugest arc-welding 
job ever attempted in the aeveland 
territory. More than a thousand tons 
of structural steel are going into its eon- 
section. The building covers an area 
493 feet in length by 320 feet in width. 

.^It will provide 1S5;000 square feet of 
floor space. Tentative production sched- 

call for a plant output of more than 
300,000 miles of filament wire during the 
year 1932. The structure is scheduled 
’ e dompletion August 15 by the Austin 
Company, of Cleveland, who built the 
ongipaj Park in 1912. 

rater Unlfe-The Square 

p Ci^pany, Petroit, has announced the 
introduction of a power filter unit for 
supplyii^, noiseless, non-pulsating, direct* 
^®to*Qnt power from ordinary altemat- 
^Hsurrent circuits and. applicable to 
ttfephpne (niuuits, iuterobmipumcating 
systtoiB, public address systems, talking 



piotoe equipment and other sound pro¬ 
ducing apparatus. No auxiliary equip- 
m^t is necessary. The new device is 
noiseless and has no moving parts. 
Square D Company, Detroit. 

Installing Underground Cable.—By 
means of a special plow built by the 
General Electric Company, the plow 
being available for rental purposes, 
parkway or underground cable can be 
installed beneath sod and in locations 
where a mininnim disturbance to the 
ground is desired* A reel of parkway 
cable is located at one end of the circuit 
run, and is mounted on supports so that 
it may unreel easily. The plow is con¬ 
nected to a tractor, and one end of the 
parkway cable is connected to the plow 
blade. ^ It m^y be used to best advantage 
when installing parkway cable within 
the curb line of a street, around tree 
roots, poles, etc. The depth limit of the 
plow is 15 inches. 


i*ai I-i£feradure 


Airport lighting.—Catalog 218-FA, 30 
pp. Describes a complete line of deo- 
Inoal eqmpment necessary for airport 
lighting, Westinghouse Electric & Mfg. 
Company, East Pittsburgh. 

Vitrohm Resistors.— Bulletin 607,8 pp. 
Describes vitrohm resistors and rheostats 
for radio. Ward Leonard Electric Com¬ 
pany, Mount Vernon, N. Y. 

Carbon Brashes.— Catalog 12, 42 pp. 
Describes a complete line of standard and 
special brushes for motors, generators 
and synchronous converters. Boxill- 
Bruel C^bon Co., Columbia Park, Ohio. 

Small Generator Units,—Bulletin 1908, 
12 pp. Describes belt driven generators, 
turbine generator units, portable gas 
engine-driven power units and electric 
service plants up to 15 kw. Westing- 
house Electric db Mfg. Company, East 
Pittsburgh. 

Line Hardware.—Bulletin 6,4 pp. De¬ 
scribes guying specialties, including gUy 
hooks, eye nuts, curved ribbed washers, 
double guy blocks, Shull boltless guy 
<fiamps, and “pick-up head'» anchor 
rods. M^eable Iron Fittings Compimy. 
Branfordt Conn. 

Th StenodOer-BuUetin 1,24 pp. De- 
^ribes the “Stenode,*'for which ^c 
fe n^e that it is by far the inost selective 


Instruments.—Catalog F Part 2,48 pp. 
Supplement to Part 1 of Catalog F, 
Describes all new General Radio instru¬ 
mented electrical measurements at com¬ 
munication frequencies, and announces 
many important specification changes in 
the others. General Radio Company, 
Cambridge, A, Mass. 

Circuit Breakers.— Bulletin 37, 16 pp. 
Describes Pacific Electric multi-break oil 
^uit breakers. These 69-kv. breakers 
incorporate many new features and im¬ 
provements over former types. Pacific 
Bleotrio Manufacturing Corp., 6815 Third 
Street, San Francisco. 

Remote Control Cars.—Bulletin 1239, 
12 pp. Describes automatio and remote 
control quarry cars which are controlled 
by one operator from a distant point. 
The idea of remote control is not entirely 
new, but the scheme described in the 
bulletin depends upon the use of alter¬ 
nating current, which has not heretofore 
been employed in such operation. The 
Atlas Car & Mfg. Co., Cleveland. 

Manual of “Megger" Practice.—A 
pocket manual, 96 pp., treating in a com- 
prehe^ve manner on the subject of 
electrical insulation and uses of insulation 
testing instruments. It includes valu¬ 
able data on the oharaoteristics of insular- 
tion and suggests how and where to look 
for insulation defects in electrical equip¬ 
ment. Sixty-seven illustrations are in¬ 
cluded. James G. Biddle Company, 1211 
Arch Street, Philadelphia. 

Lightning Arresters.— Bulletin 313, 64 
pp. Describes a complete line of lightning 
arresters, including Keystone crystal 
valve lightning arresters for high and 
low voltage aro. service and for low 
voltage d-c. service; Garton-Daniels light¬ 
ning arresters for low-voltage a-c. and 
d-o. service and for standard and high 
voltage d-o. railway service; Keystone 
and Protex radio lightning arresters; and 
ground fittings. Electric Service Sup- 
plies Co., 17th & Cambria Streets, 
Philadelphia. 

Motors. Bulletin 165. Describes 
seven distinct types of squirrel cage 
motors, comparing them as to their 
starting torques, starting cuir^ts 
cost. Speed-torque curves and’ tables 
make a thorough comparison of the seven 
• t^es to enable a proper selection for 
different applications. The bulletin also 
describes construction details, and has a 
section on “mechanical variations” in 
which roller bearings, totally-endosed, 
fan-cooled, vertical and three-bearing 
motqrs are discussed. There is also a 
section on multi-8x>eed motors and con¬ 
trol ^uipment. Wagner Electric Cor- 
]K>rataon, 6^ Plyqiouth Avenue, St, 
Louis. ■ 
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■ HE LIGHTNING SEASON boinfir 
at hand, it is pertinent that serious 
attention be given to the effects of this 


506 


phenomenon upon electric power trans¬ 
mission. Much has been aceomplisJiod 
by the Institute’s lightning subconimittcjo 
since its appointment in 1926; tlie work 
has been greatly expedited within tbo 


510 past two years by the use of several now 
instruments, and by the concentration of 
effort upon a few systems. Important 
results of recent investigations, contained 
i?*fO ^ ^®lve Institute papers, have boon 
512 abstracted and correlated in six articles. 
(See pages 478 to 608,) 
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Clinical Sunlight—Natural and Artificial 


^Pacific coast oonvention. with 
its ^oellent technical program embracing 
subjects from cathode drops to industiial 
application, and its delightful admixture 
of recreational and entertainmont fear- 
475 first-class vacation pofisibili*- 

ties. Why not take advantage of the 
special oonvention rates available at 
Tahoe Tavern for the entire convontion 
week? (See page 614,) 
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AnnUAX MBBTINa of the Insti¬ 
tute comprised the openincr session of 
the summer oonvention; results of the 
recent election of officers, and the annual 
report of the board of directors, wore 
among- the important matters roooivinir 
attention. {See page SSg.) 
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Offic IS and Committees 
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ffor complete list see ELECTRICAL ENGINEER¬ 
ING Januaiy 1931 pp. 81-84.) 


*®oently 

awarded the Laoune Medal, was pre- 
sented thetrophy with appropriate 
c^ony during- the summer convention 
{Seepage Sia.) 


w. 


av w - ' proaiaenx 

Of the Institute, m his summer conven- 
trou address interprets the spirit of 
mpton eucineetine in one word— 
and indicates ther^ a 
firaitfnl deld of endeavor for the youne 
cneneer. i^ee page Sl$.) 


-r“. MHjL engiueers especiallv 

mterested in the devetopn^ 

“ 318 . (Seepa^eoe.) 

m 


SdmmeB 


BR convention news wiU 

M eqieo^ interesting- to those unable 
to attmd and partiei^te in its varied 

“oJuuoal and reereatibnal program. 
(See page 617.) *-vsi«u. 


telephone service 
by radio ib»t was introduced more than 
fom yem ago and now is accepted as 
the oidinaiy thing. Re<|nt d^ 

described by P, A. Cowan 
(M’29). (See page 470.) 


Tor the purpose of stuaying 

the ^eseut and any proposed future 
wtiyities of the Institute,” the uew 
Imtatute poUoy committee was appointed 
at the May 19 meeting of the board of 
<iirectors, (See page 688.) 


H. 


.i! past-president 

of tte Institute, has resigned his poet 
»t Worcester Polytechnic Institute, 

plans to tesxane professiorial practise 
(See page 6S4.) F««ni8e. 

J^^BcrmiCAU Engimbbrh^ 











Relay Protection for 
A /^^Close-Linked^^ System 


Relay-protection design involves a detailed 
study not only of the required standards of 
service but also of the general design and 
layout of the power system to be protected. 
The "close-linked" type of system of 
Chicago and the special relaying system 
which it demanded, are discussed. 

By 

T. G. LeCLAIR Oommonwealth Bdlaon 

M«ml>er A. I. B. B. Oo.. Obicago. m. . 


Service reliability required of 

electric power systems today is accomplished fonda- 
mentsdly by two general means. One might be termed 
"preventive engineering" and the other “protective 
engineering." The former presupposses a system and 
its related equipment designed and built to a degree of 
perfection tiiat makes failure impostible while the 
latter aims to minimize and localize such troubles as 
may occur. 

Obviously, complete prevention of failure is impos- 
mble of practical attainment; hence protection agrdnst 
line and apparatus failure becomes a necessity. Theo¬ 
retically a fault is not contidered serious provided the 
capacity and extent of equipment involved is small and 
the protective equipment will operate to isolate 
the trouble quickly. Prom a power-system standpoint, 
therefore, protective devices are installed to protect 
tihe system as a whole, i:athOT than individual lin^ or 
equipment, against the disturbing ^ects of faults. 

General Ststbm Design 

Of first importance in the matter of power-system 
protection is the question of the general ssratem design; 
and so fhr as the larger cities of the United States are 
concerned, this may be classified into three principal 
types as follow: 

1, “Loose-linked" system of Detroit. 

of dlfltafibutiwi drcults Is provldod ■with, ft substation and for 
group of substations there is a generating station of solflolent normal 


Ifrom presented informallT at a joint'meeting of the Chicago 

Sectlou the A. I. S. B*, and the Western Society of Engineers, held in 
Ohioago, Oct. 28* 1280. ^ Not ptihUshed in pamphlet form. 


capacity to care for thegroup of substations operating iromits buses. Th 
loose-linking characteristic is found in interconnection of areas which are 
served by different generating stations with tie cables so designed as to have 
relatively low capacity compared to the total load emanating feom a 
generating station, bnt of soflicient capacity to serve normal and emergency 
power interchange between different load districts. Thus, the different 
load areas are all linked together for normal service, but each is subject to 
quick and complete isolation from its neighbors, minimizing the possibility 
of any system-wide disturbance which might result from a serious fault in 
any load district. (See A I. B. B. Trans., Yol. 48, Oct. 1929, pp. 1080-2.) 

2. “Synchronized-at-the-load" system of New York. 

AH supply cables are diort; generating stations are close to the 1 ad and all 
are of closely similar efficiency. Transmission and tie-lines are so arranged 
that any station may feed to any or all load centers. Thus the loss of any 
one source will not Interropt service at the load: power is widely availabl 
under emergency conditions and yet relatively low short-dicoit currents 
arise, a factor of prime importance. (See A. 1. B. B. Trans., Yol. 48, 
Oct. 1929, pp. 1080-2.) 



Fig. 1. Schematic diagram of Chicago "cloaa- 
linked" Irantminlon ayitcm. Note especially that 
system is normally divided into two distinct parts 
C'red” and “blue"); also that genarating ^iont ar 
connected by 66-lcv. low-reactanc tie cables 
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A-PHASE 



NEUTRAL RESISTOR 


Fig. 3. 


Illustrating isolated-phase grouping of two 
transformer banks 


3. Bus or “close-linked” of Chicago. 

Hg*. 1 and 2 where 'mioue Independent loads 

be noted, each fed from fieparatesoinrces. All souices are tied toffethAP 

interehantw. Sudha^^eme 
w “***shortHdtcutt cun^ 

wta^ns reanlring q>edal means of aooompltthlng satWsctory drcnlt 

For a power ^tem such as the one in Chicago where 
sevei^ Relating stations have been built more or less 
M umts, the close-linked system is conmdered ideal. Of 
the ^eratmg stations indicated in Pigs. 1 and 2 Fisk 

the newest units 

Crawford station the oldest unit was installed some sii 

SSS«i^‘ Becau^ oi^ting efficiencies among these 
^taom v^ greatly, it is necessary to provide for a 

K accomplished through a 66-kv. 
the cifw ne which stretches the entire length of 

Alldzst«»-S.g 

■ ^taons representing the aggiecate in- 
stalled capacity of 1.298,000 kw. are interSSSd hy 
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means of this 66-kv. transmission bus. Electrically 
these station interconnections are extremely short, their 
.reactance being so low that with maximum load the 
total voltage variation from one end of the city to the 
other does not exceed three or four per cent. 

^^th this systffln it is possible to tap off at any given 
station the load needed for that particular local territory 
ae transformer capacity of the station in question 
Mmg governed of course by the load to be served. 
HowevCT, there are cmiain difficulties involved because 
mth this close-linked systmn any one fault member will 
involve the entire system. For this reason the system 
^ been spht throughout into two parts. The 66 kv 
b^ of the two parts are capable of intereonnection in 
the v^ous stations but only in rare cases are they 
together. Thus, there are prac- 

^«ble on one of 
thei^ not inhere with the other. For purposes of 

,^«strations refer to these^o parts 
as red” and “blue” systems. 

Isolated-Phase Construction 

Shor^cuit current which would arise if the two 
^ms were operated tied together would be tZ. 

to ha.rf,e ,^5, a., SZ, dS 

problem of handling the interruption^ S^rrenUs 
y omer smgie thmg to make practicable the opera- 
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tion of such a system is the isolated-phase construction, line bus but are divided among the different sections of 
With this type of construction it is possible to throw the the generating station main bus. 
entire station capacity upon one bus, where emergencies 

require, yet the short-circuit current is low enough so Fault Bus foe Protecting SwircHiNG Equipment 
that an ordinary circuit breaker can interrupt it 


satisfactorily. 

A diagrammatic presentation of this isolated-phase 
arrangement is given in Fig. 3 where two transformer 
banks are shown so connected that both the phase unit 
of the bank itself and the phase leads from the bank are 
widely separated ph 3 rsically from those of adjacent 
•* phases. The leads are not brought close together until 
they have passed through suitable reactance capable of 
limiting the short-circuit current to an easily interrupt- 
able value. 

Most important among the features of the isolated- 
phase system is the relatively-high resistance or reac¬ 
tance employed in the neutral connection. Normally, 
in a star-connected system all loads are carefully bal¬ 
anced between phases and practically no current flows 
through the neutral; on the other hand in the isolated- 
phase system, practically all fault current will flow 


As mentioned in the be^nning of this article, pro¬ 
tective equipment must be installed to guard against the 
disturbing effect of those failures which system 
design cannot prevent. To be ideal, of course, 
protective devices must disconnect faulty equipment 
only, and in addition operate instantaneously; this 
ideal is achieved or approached wherever economically 
justifiable. 

Practically instantaneous clearing of faults can be 
secured by employing the fault bus, a device for system 
protection which is of maximum benefit with isolated- 
phase construction. It consists essentially of a separate 
bus isolated from ground but connected through a 
current transformer to the main ground bus. Each 
unit group of switching equipment has its own fault bus 
through which the oil switch tanks, insulator bases, 
and other equipment cases are grounded and to which 


through the neutral sdnce phase-to-phase faults are 
almost impossible on account of the great ph^ic^ 
separation between exposed parts. This greatly ampli¬ 
fies the protection problem without interfering in any 
way with the system regulation. 

With the isolated-phase construction of a 66-kv. 
outdoor terminal not only are the phase leads separated 
by a distance of 30 ft. or more, but by a metal sc^n of 
generous proportions as wdl. (See Kg. 4.) In indoor 
generating station construction whether for 12 kv. or 
66 kv. each phase is housed in a separate room or on a 
separate floor. This type of construction is used also 
for the newer and larger substations; in the older and 
BTnq^llAr substations the arranganent of lines and buses 
is depended upon to prevent complete shut-downs. 
No two liT»A« to a substation group originate on the same 


flash plates are connected. These flash plates are so 
arranged that no flashover can occur without the re¬ 
sultant current flowing through the fault bus and its 
current transformer. A relay in tips current trans¬ 
former secondary circuit can be set for instantaneous 
operation and the unit group wherrin the fault occurs 
will then be quickly isolated. A schematic ^agram of 
the fault-bus coimections in a generating station switch- 
house may be seen in Fig. 5. Here two main buses with 
outgoing lines are connected to so-called line buses; 
all can be fed from either one of the main buses. The 
dotted lines represent the fault-bus connections. If a 
fault occurs on the line bus marked (*) the fault current 
will flow through the fault bus and current transformer 
and actuate relay 3 which will trip the four line switches 
and also the two group switches A and B, thereby 



Fig. 4. Outdoor 66-l<v. iw'itehins I rmlnal at Glumet g neratins rtatl n. Note Is lated-phas c n< 
struct! n and hish screen barriers between phase groups 
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isdating the fault. For faults between two unit groups, 
time sequence relaying is employed to prevent unneces* 
sary switch-openings. For instance, if a fault occurs 
on switch E, relay 4 will first trip the line and group 
switches; and if the fault is not cleared within 0.7 sec., 
relay 7 will trip all switches connected to the red m ain 
bus section where switch E is connected. 

Fault buses are now installed in all new generating 
stations, distribution stations, 66-kv. terminals and 
some of the larger substations to protect against bus 
and equipment failures. 

DiFFCSEimAL Relay PBOTBcrtoN for Generators 
AND Large Transformers 

A differential method of relaying is employed to dis¬ 
connect faulty generators and 66-kr. transformers from 
the system. For generator protection the simple con¬ 
ventional scheme witii a sensitive relay is used. For 
three-winding transformers, however, this simple ar¬ 
rangement cannot be used, especially wh^e one or two 
windings are equipped for tap changing under load. 
Further difficulties are encountered because of the SO- 
ohm neutral resistance in the 66-kv. system; conse- 
qumitly, one set of relays is connected differentially 
across all three windings. (See Fig. 6.) These relays 
are of the percentage differential type; that is, they will 
trip when the tripping current exceeds a predetermined 
percentage of the load currmt. (See "Percentage- 
DifferMitial Transformer Protection," p. 861, May 1931 
issue of Electrical Engineering.) On account of 
the tap-changers, this percentage for these rda 3 re must 
be relatively high, a value of 60 per cent bdng used. 
For faults on the 66-kv. winding dose to the neutral, 
because of the neutral resistor limiting the fault cur¬ 



rent, a more sensitive relay is required. A second set of 
differential rda 3 rs, connected across the 66-kv. winding, 
and with a setting as low as from 2.6 to 5.0 per cent, is 
therdore provided. In addition to the differential 
relays, ordinary overload relays are installed on the 12- 
kv. side of main and regulating fxansformers. 

Pilot-Wire Relaying for Tie-Line Protection 

As shown in Fig. 1 the 66-kv. tie lines between 
generating stations are connected to buses at the tians- 
mission terminals, these buses being divided into several 
sections and operated split or tied together depending 
upon the s 3 rstem requirements. The best way known to 
isolate instantaneously a faulty line on this type of $ 3 ^- 
tmn is the pilot-wire-rday scheme. This system, wMle 
rather costly, is justified by the size of the lines and the 
importance of ^e service. A three-phase scheme is 
employed with four pilot wires, pilot transformers, 
balancing reastors, and capacitors. It has been foimd 
that the capacitors can be omitted in the Chicago 
system, where the lines are all less than eleven miles 
long. 
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Sesctionauzation 

In addition to the usual protective schemes, there are 
in use on this system means for preventing the spread of 
trouble; these cannot be classed with protective de- 
vic^. As previously mentioned, the 66-kv. system is 
divided into two parts which are normally operated as 
independent tmits, so that trouble on one-half cannot 
affect the other half, even should the protective de¬ 
vices fail. On the 12-kv. system, the stations also are 
separated into two or more parts for the purpose of 
preventing tire spread of trouble. These two parts may 
be permanaitly separated through reactance, which 
will limit the flow of short-circuit current; or they may 
be operated normally tied together and automatically 
sectionalized by relays. Normally these sectionalizing 
relays will not interrupt any service but are intended to 
separate each section and its dependent lines into a 
number of self-sustained units. In tiiis way, failure of 
protective devices on one of these units will not spread 
the trouble to the other units. 

Substation and 12-Kv. Line Protection 

The isolated-phase construction with fault-bus pro¬ 
tection has been extended to some of the later and larger 
substations; in others, line relays are rdied upon for 
the proper clearing of faulty buses. For line protec¬ 
tion, ordinary overload directional and balanced differ¬ 
ential relays are used. 

Up to a few years ago, the systems so far touched 
upon would have been all that required consideration 
when planning reliable supply for a dty like Chicago. 
Now, however, some of tiiese stations are shut down 
part time and more efficient generating capadty out¬ 
side of Chicago is depended upon for the supply. This 
energy is deliv«*ed ov&r long overhead tiransmistion 
liticB and th«r protection becomes part of the problem 
of service secuiily. 

One great difficulty with overhead lines is thdr sus¬ 
ceptibility to lightning—a problem not yet completely 
solved. Still another problem to consider when large 
amounts of power are transmitted over great distances 
is that- of stability. Several means for inaeasing the 
stability of a line have been introduced, however, most 
among which are, (1) increaang the speed of 
faults; (2) providing high speed exdtation; 
and (8) changing system connections. 


Conclusion 

Past progress toward the goal of perfectly reliable 
sendee has been along three prindpal paths; namely, 
(1) improving the individual units of equipment, (2) 
providing faster and more reliable isolating devices, 
( 3 ) designing the complete system so that the loss 
of individual parts may be tolerated. In the future 
the metropolitan system *ould make its greatest ad¬ 
vances along the line of general system developments 
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based upon the present high qualhy of equipment. 
Marked improvement in the reliabUily of long overhead 
lines with a high d^ree of i^cposure may be expected, 
particularly when tiie pow^ delivered must meet the 
reacting standards of metropolitan service. 


Magnetic ^^Iron^^ 

Perfected by Research 


Thirty years ago great quantities of iron 
were necessary in cores of electrical devices to prevent 
undue electrical loss. High temperatures caused mag¬ 
netic deterioration of the metal. Even alloys of 
apparently constant chemical competition had varying 
magnetic properties. In view of this obstacle, progress 
in transformers of electrical currents was especially 
difficult. 

Then came the first big improvement; Hadfield in 
Ei^^d discovered tilicon as an allo 3 dng element with 
iron. In 1903 tilicon steel appeared there, and a little 
later here. This new steel cut losses in half. They 
were again cut in half by better mill practise and im¬ 
proved raw mateiial. For the next decade further 
progress was slow, improvements small. Things had 
agmn reached an impasse. 

About that time, an effort was made by the writer at 
the University of Illinois to make iron alloys of only the 
purest materials obtainable. For nearly sixteen years 
the research has continued; one of its main objects 
being to determine the properties of really pure iron, 
because iron is the basis of all important magnetic 
rnateriak. Who would have btiieved that the elimi¬ 
nation of a few thousandths of one per cent of carbon 
could be responsible for raiting the maximuih perme¬ 
ability of iron from perhaps 10,000 to 60,000 with 
corresponding decreases in h 3 rsteresis? Yet this has 
been amply demonstrated. 

The work has been fraught with exceptional diffi¬ 
culties since it dealt with subjects like strain in the 
oystal structures, and with impurities in thousandths • 
of one per cent. Furthermore, these v^ sn^ 
amounts of oxygen, carbon, and sulphur exist in solution 
in solid iron—^like sugar in solution in a glass of water. 

Commercially, the most important results have come 
from the study of iron-tilicon and iron-nickel alloys. 
Laboratory results are not rapidly trandated into com- 
TYiArwftl practise. Five years after the first publish^ 
results, no appredable effect appeared in commercial 
steel. In 1920, aft«* much discussion and nmny 
experiments, the steel mills began to put some of the 


■ ivom aa artld writlwi by Dr. T. D. Tenien of tihe W«rtlni»^ 
Rtfeardi Laboratories for Research Narratives^ Feb. 15,1981, pubUshea by 
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findings into practise and there has dnce been a steady 
^ual improvement in the quality of electrical sheet 
iron. Now the commercial material is almost as good 
as the laboratory product of a few years ago. 

Hipemik (an alloy of half iron and half nickel) is 
anothw product of the laboratory. At first used in 
high-quality radio receiving sets where it contributed 
largely to the elimmation of distortion of sounds in 
reproduction, it has gradually entered other important 
fields. In the near future we may find thig alloy in 
many places where iron-^con alloys are used today. 
Here again the difference between the ordinary alloy 
and hipemik cannot be ascertained by usual ctiATni<»^ ] 
analy^; radically new methods had to be devised. 

(Editor’s Note: Under date of May 26, 1931, the 
American Rolling Mill Company, Middletown, Ohio, 
announced that this special alloy now is being rolled 
commercially ^m 6-ton ingots.) 

Associates who have contributed to this success 
include G. H. Cole,* A. A. Frey, T. Spoona** and N. A. 
Zie^ar. In its large practical results, this long and 
paiiwtaking research is a vivid example of how the 
affairs of men are affected by scientific work which only 
a few years ago would have appeared hopelessly 
theoretical. 


this country and Europe was inaugurated all of the 
world’s overseas telephone extensions have employed 
short-wave radio. With the exception of the original 
New York-London circuit which operates on 1,500 m., 
the wavelengths used have ranged between 14 and 
100 m. Today there are three short-wave circuits 
be^een New York and London supplementing the 
original long-wave circuit. In addition to these there is 
a circuit between New York and Buenos Aires, Argen¬ 
tina, circuits from New York to ships at sea, and one 
from London to Sidney, Australia (See Fig. 1). All of 
these circuits are available to telephone users in this 
country, and in addition to these facilities, extensions 
are being planned between New York and Hamilton, 
Bermuda, New York and Rio de Janeiro, and San 
Francisco and Honolulu, Hawaii. Since such factors 
as susceptibility to noise in transmission across equa- 



Overseas Radio 


Fis. 1. Radio links between telephone systems of 
North America and other countries 


Telephone Service 

More than four yean have elapsed since 
the installation of the first transoceanic 
radio-telephone circuit between New York 
and London. Some of the more recent 
developments in this class of service are 
discussed here. 


By 

F. A. COWAN 

Member A. I, B. 


American Tel, A; Tel, 
Oo., New York. N, Y, 


^JhORT-WAVE radio has played an 
important part in the extension of the telephone fron- 
tias beyond the boundaries of this North American 
<»ntment. During the four years which have elapsed 
smce the first commercial telephone service between 

^elopmente in the Operation of Badlo Telephone 
tncetlng. Pa.. March 1U81. 

1 Member *27. 2, Vedow *20* 

476 


tonal regions, and the character of other transmission 
variables, including economic considerations, favor the 
use of short v$. long waves, all of these circuits will 
employ short-wave radio. 

New York-Buenos Aires Cmcmr 

^ A schematic layout of the New York-Buenos Aires 
chcuit may be seen in Fig. 2. A crystal-controlled 
high-powered transmitter emplo 3 Tng wato*-cooled vac¬ 
uum tubes with an output of between 16 and 20 kw. 
is employed at both terminals. Associated with this 
faa nsmit ter are directive antennas which increase the 
sign^ strength by an amount equivalent to a 20- to 50- 
fold increase in transmitted power. Upon leaving the 
transmitting station, signals travel by the well-known 
^-wave route to the foreign terminal. Radio recdv- 
ing stations of the double-detection t 3 T)e equipped with 
automatic gain control and directive antennas are 
employed. To care for the changing transmission 
conditions these directive antennas are provided for 
tiiree separate wavelengths. The received speech 
signals are transmitted firom the receiving station to 
the foreign subscriber over land linoa , 

There directive-antenna arrays improve the receiving 
conditions by strengthening fiie signal received fivm the 
selected dir^on, reducing the effeA of noire and other 

Electrical Engineering 



Lost Circuit Time Analyzed 


siguRls coming from other directions. The automatic 
gain-control feature compensates for moment-to- 
moment variations in the strength of the received 
canier wave and when radio noise conditions are 
satisfactory the complete recdving s 3 ^tem is capable 
of satisfactorily utilizing a signal having a field strength 
as low as one microvolt per meter. This perfonnance 
has been made possible by the selection of a receiving 
site sufficiently isolated to minimize local interference, 


A comparative anal 3 rsis of the lost circuit time for a 
ts^ical summer month on the New York-Buenos Aires 
circuit and one of the New York-London short-wave 
wcuits, is shown in Fig. 3. It may be noted in each 
case that the major percentage of lost time is due to 
atmospheric conditions. 

Whereas normally the conditions are good, there are 




Fij. 3. Analyiis of time lost on two short-wave 
radio-telephone circuits for a typical summer month 

and by the careful desdgn of the component parts of 
the receiving system. 

At the terminal points voice-operated-relay switching 
equipment disables the radio path in one direction 
while speech is traveling in the opposite direction. It 
nlcn mAintAing the transmitting ride of the circuit in a 
disabled condition when no speech is being transmitted. 
This automatic switching simplifies the transmisrion 
problem by resolving the two-way circuit into two one¬ 
way circuits. The switching-relay drcuits are carefully 
adjusted to compensate for any changing transmisrion 
conditions, thus minimizing interruptions due to false 
operation of the relays. 

Once the circuits of the type under conrideration 
have been established their perfonnance is controlled 
largriy by the condition of the transmitting medium at 
any particular tune. Since the control of this medium 
is beyond the scope of hunaan endeavor, the operating 
problem becomes one of maintaining the component 
parts of the ssrstem in good condition and operating the 
system as a whole to best advantage. 


times when, due to some disturbances of a nature not 
clearly understood, radio transmisrion from certain 
paths is saioudy affected. These disturbances have 
been correlated reasonably well with abnormal activity 
in the magnetic fidd of the earth and are commonly 
kno^yn as “magnetic storms.” 

These occur at irregular intervals and at times result 
in reducing the signal strength at the receiving points 
to values. Transmisrion on aU frequendra 

is affected to a greater or lesser degree, and the time in 
each 24-hr. period during which reliable tra nsmis rion 
can be expected is materially reduced. This intw- 
ference usually is seriously effective for sevoal da^ 
preceding and following the day on which the storm is 
actually at its height. 

The equipment used in the short-wave radio circuite 
is so designed and constructed as to minimize the likeli¬ 
hood of trouble. In addition, spare units of equipm^t 
have been provided for repladng equipment which 
would be most subject to trouble or which would 
require considerable time to repair. These precautions, 
together with a systematic testing routine, account 
for the small amount of lost time due to equipment. 

troubles. 

In view of their adaptability to transmisriwi oyer 
great distances and the rapid progress that is being 
maHft in improving, rimplif 3 dng, and reducing their 
cost, diort-wave radio systwns are of outstandirig 
importance in the devdopment of world-wide tdephonic 
communication. What the future will bring can only 
be guessed; but it does seem reasonably certam that 
for tire n^ few years the short-wave drcuits will 
continue to occupy a prominent porition in the forward 
march toward the devdopment of a world-wide tde- 
phone service. 


July 1931 
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TIiaI (he concerted efforts f p wer 
companies and electrical manufacturers 
to c mbat the disturbing influences f 
lightning already have borne fruit, is at¬ 
tested by the greatly reduced transmis¬ 
sion line outages from this cause. Results 
(recent investigations in this field as de¬ 
scribed in twelve Institute papers form the 
basis for the six articles which follow. 


Theoretical Studies 
Laboratory and Field Tests 
Operating Experiences Lead to 
Effective System Protection Against 


The lightning problem m 

It affects the operation of dectric light and powa* sys¬ 
tems, according to Spom logically divides itself into 
three parts: 


which Include matbe- 

ma t tc al studlM and various analyses of lightning phonomena. 

irith na^ and aMlfldal llghtnlnjr, which atudles 
'>y <l«TeI<>Pnwnt» and improTements in 

♦fcf ■ ^ offecta <rf dUtennt devicet and of line design tmon 

CtoMWgatlon or li^tnlng disturbances by the study and analysis 
Piactical operating records. 


This and the five articles following in this issue of 
^CTBICAL Enginbeeing present a collection of theo¬ 
ries and facts relating to these different aspects of the 
h^tning problem. These articles have been prepared 
from twelve Institute papers (see Table I) of which three 
treat mainly the theories involved in lightning studies; 
Iwo deal aitirely with field investigations of surges 
impoB^ on transmission systons by means of artifidal 
b«htning discharges; four present the results of field 

investigations of natu^ lightning disdiarges; one gives 

the r^ults of analysis and interpretation of a lai^e 
quantity of operatog data collected on systems in 
swnce; while one is devoted to a description of a new 
device designed to protect line insulators against 
flashovers. 

An attempt has been made to correlate information 
from these different sources, outlining in some detail 
ffie most rec«it findings in this important field, and 
mdicating the relation between these latest disclosures 
and previously accepted ideas. Additional infonna- 
taon has been obt^ed quite recently r^iarding the 
medianism of lightmng formation and discharge, 
some new theories have been advanced. It is 
realized generally, however, that present ideas still are 
entirely inadequate for a thorough understanding of 
the fundamental na^ of lightning^ Neverthdess, 
m q>ite <ff the obscurities, several importaut disdosures 
These are outlined in the paragraphs 
that follow and are based upon the results given in the 
mitire set of twdve papers. . 

: ^ncerted action in theoretical and field studies of 
natural and artifidal lightning phenomena received its 
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first great impetus in 1926 with the appointment of the 
lightnmg subcommittee of the A. I. E. E. transmission 
and distribution committee. This subcommittee was 
Mtablished primarily to asswnble more definite informa¬ 
tion r^arding the nature and characteristics of light¬ 
ning and rdated dectiic eyatem -disturbances; also to 
ascertain possible protective measures with which to 
combat the troublesome disturbances. A general 
pwhng of efforts ^d equipment foUowed, various 
utihties and the prindpal equipment manufacturers 
cooperating in practically all of the investigations sub¬ 
sequently carried out. 

A paudty of suitable instruments hindered early 
work, the weU-known klydonograph being practicafly 
the only instrument avaUable. With that instrument 
it was possible to ascertain some idea as to the magni¬ 
tude of lightning voltages, but the ertremdy diort dura¬ 
tion of such disch^es made extremely diflScuIt thdr 
accurate study with apparatus having mechanical 
recording dements. Devdopment of new instruments 
and their liberal use, and the concentration of major 
fidd efforts upon a relatively few representative sys¬ 
tems have been the two factors chiefly responsible for 
the rapid acederation of lightning studies during 
1929 and 1980. 


Direct Hits and Induced Surges 

lane surges can be v^ harmful whethm* due to 
dirwt hits- or to induction from doud discharges or 
strokes to nearby objects. It is generdly -recognized, 
however, that disturbances arising from direct strokes 
to line conductors or to ground wires on weU groimded 
steel structures, subject lines to more sevme punishment 
than do induced surges in ^neral. The induced surge 
appears to be of minor importance on lines as highly 
insifiated as are the 220-kv. lines in esstern Pennsyl¬ 
vania and New Jers^. Of course, voltages also can be 
induced on the conductors when a direct hit on the 
tower or ground wire occurs. Whether or not these 
induced voltages will cause a" flashover , appears to 
depend upon line insulation and towd: footing 
resistance. 



Lightning 

Disturbances 

Wave Shapes 

Wave shapes of lightning surges depend upon noany 
varying factors, chief among which are the origin of the 
surge (whether induced or due to a direct stroke), dura¬ 
tion of cloud discharge, and doud height. Some of the 
many cathode-ray osdllograms which have been taken 
both of induced stages and direct strokes are reproduced 
intiiiss 3 mipodum. Wave ^nts varying in length from 
2 to 9 microsec. with Imigth of tail to half-voltage of 
from 6 to 40 microsec. have been observed. The total 
lengths of these waves vary from 10 to 160 microsec. 
In an osdliogram of a direct stroke estimated as ter¬ 
minating on tile line 125 ft. from the laboratory, a 
voltage rise of 1,640 kv. pct miousec. was recorded 
(see Fig. 16). Most of the oscillograms, however, were 
obtained at some distance from the point of inddence 
and, therefore, do not show the true wave shape at that 
point, having suffered distortion in traveling along the 
line. 

Native surges have steepm* fronts than do those of 
positive polarity. It has bemi estimated that the fonner 
may have fronts as short as 1 mim>sec. or less, while 
the probable minimum for the latter is approximately 
Smicroseft. 

Attenuation, Distobtion, and Rbplection 

Traveling waves anting from lightning discharges 
undergo a continuous change as they proceed hlong the 
line, the general tendency bdng a tiowing down of the 
front, a flattening of the tail, and a genmal increase in 
total Imigth. (jorona appears to be the greatest cause 
of this phenomenon; hence it follows that the reduction 
in wave crest is more rapid above than below the critical 
corona voltage. Attenuation is more rapid for ex¬ 
tremely high-voltage surges and according to indicar 
tions may be as hi^ as 1,000 kv. per mi. of travel. 

Suiges impressed upon three paralld conductors evi- 
dmice a more rapid slowing down of front but lower rate 
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Westingliousd B. ^ M. Oo. Photo 


of attenuation than do waves on a tin^e conductor. 
Reflections from line sections of changing impedance 
and from terminal equipment also are factors in wave 
tiiapetiiange; characteristics of these reflections can be 
pre^cted by means of ‘^lattice” diagrams. 

Cbest Voltages and Cubbbnts 

The ToaxiTniim voltage recorded .in any of the tests 
described was 5,000 kv., measured on a wood pole line 
at a point about 4 mi. ^m tiie point of intidence of a 
direct stroke (see Fig. 21). Indications are that 
tire voltage of a direct stroke may be as high as from 
10,000 to 16,000 kv. A maximum disdiarge current ot 
670,000 amperes was reported, determined by adding 
together the tower ground currents for the several 
towers affected. This metbod may be subject to some 
errors; its merits are a controversial matter. Other 
howevOT, also point to a maximum of several 
hundred thousand ampmes. 

POIiAIUTT 

Njn.definite contusions have been drawn in r(%ai^ to 
po]M^> but it sems well established that both potitive 
smd uegative toad potentials exist. However, more di- 

479 



Table I Identification Data Pertaining to Lightnins Papers Abraded in This Group of Articles 
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Ediar BeU 

Associate A. I. E. E. 
A« 1j* Price 
Associate A. 1. S. E. 


Penn. Pwr. A Lt. Oo., Hazleton. 
Pa. 

Penn. Pwr. A; Lt. Oo., Hazleton, 
Pa. 


Serial 

Pamphl i copy titles numbers Presented at 

Llj^itnlng Investigation on the 31.S9 District meeting 

220-Kv. System of the Penn. Pwr. & Rochester. N Y 

Lt. Oo. (1930) 
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Systems 
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Now York 
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Rochester, N. Y. 


3. C. Dowell Gen. Elec. Co.. Pittsfield, Mass. 

Associate A. I. E. S. 


Attenuation and Successive Reflec¬ 
tions of Traveling Waves 


C- L* Fortescue 
Fellow A. I. E. B. 
R* N* Conwell 
Fellow A. I. B. E. 


West. Elec. & Mfg. Oo., Pitts¬ 
burgh. Pa. 

Pub. Seurv, Elec. ^ Gas Oo., 
Newark, N, J. 


Lightning Discharges and Line 
Protective Measures 


31.42 


31.82 


Winter convention. 
New York 


District meeting. 
Rochester, N. T. 


I. W. Gross 
Associate A. I. B. B. 
3* Cox 
Associate A. I. B. E. 


Am. Gas & Elec. Co„ New York 

West, Elec, & Mfjg. Oo.. B. 
Pittsburgh, Pa, 


Lightning Investigation on the 
Appalachian Elec. Pwr. Go’s. Trans¬ 
mission System 


31.86 District meeting. 

Rochester, N. Y. 


W. W. Lewis 

Member A. J. E. E. 
€!• M* Foust 
Associate A. 1. E.E. 


Gen. Elec. Oo., Schenectady, 
N. Y. 

Gen. Elec. Oo., Schenectady, 
N. Y. 


IJghtatog InvesUgatton on Trans- 31.87 District meeting, 
mission Unes-n Bochester.T^T. 


F. W, Peek» 3re 

Fellow A. I. E. E. 


Gen. Elec. Oo.. Pittsfield, Mass. 


Lightning, Oharacteiistics In¬ 
duced Voltf«es—Direct Strokes— 
Coordination — Transmission Line 
Design 


31.88 District meeting, 
Rochester, N. Y. 


R- R. Pittman 

Associate A. I. E. E. 
3* 3e Torok 
Associate A. 1. E. E. 


Ark, Pwr.- & Lt. Oo., Pine Bluff, 
Ark. 

West. Elec. & MUg. Oo.. Bast 
Pittsburgh, Pa, 


Lightning Investigation on a Wood 
Pole Transmission Line 


31.10 


Winter convention. 
New York 


Philip Spom Am. Gas & Elec. Oo., New York 

Fellow A. I, E. E. 


1929 Lightning Experience on the 
182-Ev. Transmission Lines of the 
Am. Gas and Elec. Oo. 


31.20 


Philip Spom 
FeUow A. I. B. B. 
W* L* Lloyd* 3r* 

Member A. I. E. B. 


Am. Gas 3c Elec. Oo., New York 
Gen. Elec. Oo., Pittsfield. Mass. 


1930 Lightning Investigations on 
the Transmission System of the Am, 
Gas and Elec. Co. 


31.79 


Winter convention. 
New York 


District meeting, 
Rochester, N. Y. 


3. 3. Torok West. Elec. & Mfg. Oo., B. 

AsBodate A. T. B. B, Pittsburgh. Pa. 


An Experimental Lightning Pro- 31-9 Winter convention 
tector for Insulators York ’ 


Datra presented 

April 29-May 2.1931 


Jan. 26-30. 1931 
April 29-May 2.1981 


Jan. 26-30, 1931 


April 29-May 2,1931 


April 29-May 2,1931 


April 29-May 2, 1931 


April 29-May 2.1931 


Jan. 26-30. 1931 


Jan. 26-30. 1931 


April 29-May 2,1981 


Jan. 26-30. 1031 


rect strokes of native polarity have been recorded 
^an those of positive polarity, while the majority of 
induced slrokes appear to be positive. The question 
of polarity is important inamudi as native strokes 
have bera observed to have steeper wave fronts, 
while positive polarity surges attenuate more rapidly. 

Extent op System Appbcted 

Mariiovers have occurred in the majority of ch bw 
on only one phase, but usually involve corresponding 
insulator assemblies at two or more adjacent towers. 
Eviden^ of direcUtroke currents have been ob- 
•served in as many as five or six towers. On highly 
insulated ungrounded lines, such as tiie wood poleTine 
previously mentioned, traveling waves of dangerous 
magmtude may reach substation equipment:aigl<eaxiBe 
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flashov^ there, since such equipment in general is less 
highly insulated than the line equipment. Under 
the^ conditions, especially good lightaing arrester 
equipment is required at the stations. On wdl- 
grounded sted tower lines where fiashovers do not 
occur, severe electrical disturbance usually is limited 
to a few structures, and any surge propagated over the 
conductor will be of extremely low magnitude. 

Flashovbrs and Trip-Outs 

Blashovers from direct strokes may occur if (1) 
the stroke terminates on the line conductor; (2) the 
stroke terminates on a tower of high surge impe- ■ 
dance, thus raising the tower potential with reference 
to the conductor; (8) the stroke terminates on the 
ground wire between towers .and the potentaai is of 
sufficient magnitude to cause flasho^'er at ^t point, 
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in which case flashover at an adjacent tower is certain 
to occur. 

Experience has shown that direct strokes may occur 
at towers of low footing resistance without subsequent 
flashover. Whether or not a trip-out will result when 
flashovers occur depends upon whether the amplitude 
and polarity relations of line voltage and current are 
such as to pamit the establishment of a power arc at 
the time of flashover. That flashovms can occur with¬ 
out caumg line trip-outs is deflnitely shown by records 
of a lightning surge of 2,500 kv. which did not cause a 
trip-out but which most certainly did cause a flashover. 

Induced surges also may cause insulator flashovers 
with resultant line trip-outs, especially when direct 
strokes occur to nearby objects. The likelihood of 
these surges reaching flashover value, however, is 
minimized by the installation of conventional overhead 
ground wires. 

Effects of Grounding 

Beneficial effects of overhead ground wires have 
be^ proved without doubt both by spedal investiga¬ 
tions and operating exi>eriences. Operating experi¬ 
ences have shown also that two ground wires are much 
more effective than one alone. The effectiveness of 
ground wire protection depends to some extent upon 
tower footing resistance; where this is high, special 
grounding cables or counterpoises can be used effectively 
to lower the sui^e impedance of the structures. Coun¬ 
terpoise cables are most effective when extended out 
radially from the tower foot, but in practical cases are 
r^tricted by right-of-way limitations to the two direc¬ 
tions along the line. Operating ^periences show, 
however, that flashov^ do not alwa 3 rs concentrate 
at towers having high footing resistance. 

Line Design 

General requirements for good lightning protection 
are low lines, short spans, low tower footing resistance, 
and overhead ground wires. The number and position 
of overhead groimd wires will depend upon the con¬ 
ductor configuration and the number of circuits. 
Spacing between conductors and groimd wires must 
be large in order to prevent flashovers at mid-span. 

For effective protection against direct strokes the 
tower footing resistance should not be more than 
4 or 5 ohms. Where this is impractical special over¬ 
head ground wire structures, known as diverters, may 
be instiled if the economics of the situation permit. 

- Protective Devices 

lightning arresters are eqiecially applicable at sub¬ 
stations to protect tenninal equipment against light¬ 
ning damage. The pringipd qualification is that they 
be placed reasomAly close to the equipment they are 
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designed to protect. Arresters also are used on trans¬ 
mission lines where provision cannot be made economi¬ 
cally for the installation of overhead ground wires. 

In this connection field investigations have shown 
that arresters of the expulsion type will successfully 
inteiTupt d 3 mamic current foUow-up. A promising new 
device now under development consists of a hollow fiber 
tube with dectrodes at atha* end, wherein tiie break¬ 
down element is the air contained in tiie tube. Grading 
shields have not been found to decrease the number of 
line outages, but, when propwly installed, tibey do 
minimize tiie damage to insulators, line hardwstre, and 
conductors, and reduce the amount of cascading 
required. 

Theories of 

Lightning Discharge 
and Traveling Waves 

Recent theoretical findings concerning light¬ 
ning and traveling waves are discussed in 
this article. When corroborated by field 
tests, these results furnish information from 
which a systematic scheme of protection 
can be established. “Direct-hit** wires 
above ordinary “sky wires'* are suggested 
and discussed. 

Lightning may cause abnormal 
voltages on power transmission lines in either of two 
differentways—by direct stroke or by induction. Some 
understanding of the formation of these surges is neces¬ 
sary before a systematic scheme of protection can be, 
evolved. *- 

According to Portescue and Conwell the thunder¬ 
cloud consists of small partides of water-vapor, each 
caiiying a minute chai^ of electricity, free negative 
charges attaching themselves to the vajior particles. 
Since tiie mobility of the resulting charged moisture 
particles is very small the only way in which a discharge 
can take place is through ionization. This ionization 
processre^ts in the formation of a li^tning streamer. 

Some streamers will never reach the earth because ‘ 
of an insuffident charge in the doud. This wotfld 
indicate that lightning disturbances resulting* 
streamers which do reach the earth will vary somewhat 



in severity over a wide range, depending upon the 
amount of energy which the cloud is capable of dis¬ 
charging. The enagy in the streamer itself is mainly 
potential energy until the earth or a structure is reached, 
when its potential energy is changed instantly into 
Idnetic energy in the form of a current wave moving 
at the velocity of light into the earth or structure 
tlu-ough the path pioneered by the streamer. Nega¬ 
tive reflections pass up the same lightning channel, 
increasing the discharge current and also the gradient 
in the cloud. This in turn tends to extend more 
streamers throughout the cloud until the avsulable 


projection of the storm center is less than from four to 
ten timw tower height. This factor is based upon the 
assumption that the nearest object will be hit and has 
been called the direct-hit ratio. 

Where lines are brought through a righbof-way 
mth nearby trees practically equal in height to the 
line, tiie hazard of direct strokes reaching the line 
should be very small. It has been found that a tree 
can direct or attract a lightmng stroke as readily as 
can a metal tower because the charging takes place witii 

low current and over a relatively long time. Also it has 
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struck does not depend upon its footing retistance, but 
that the resulting voltage on line insulators following 
a hit does depend almost entirely upon such resistance. 

As a rule, a tower ismore likely to be strudc than tJhe 
line. When this occurs the resulting voltage betweai 
line and tower, or ground wire, or across the line insu¬ 
lator string, is giv«i by the formula 

V.^KIR 

Fig. 1. Values where K is a constant depending upon the tower and 
of a for calculat- sronod-wffe con^;uration„ I is the tower current 
ing lightning volt- (which will be less than the total-stroke ciurent by 
eges induced on current flowing in the ground wire), and R repre¬ 
transmission lines the tower footing resistance. Fairly ac curate 

(exponential rate approximations can be made by assuming K = 0.8. 
of discharge as- import^ce of keeping the tower footing resistance 
assumed) ^ obvious from toe above formula if immunity 

from direct-stroke sparkovers is to be obtained. 

As an example, it can be shown that on a line insu¬ 
lated with 14 disk insulator units, a tower resistance 

c. « 0 ^ 40 ohms would result in a voltage of 8,200 kv. on a 

Fig. 2. Duration 100,000-ampere direct bolt. In oixier to keep the 
of cloud dls- voltage below sparkover value of this line toe tower 
charges deter- resistance must not exceed 20 ohnas. For higher dis- 
mlned from cafh- charge currents the tower resistance must be corre- 
ode-ray oscillo- ^ondin^y lower to prevait the establishment of spark- 
grams overvoltages. 


energy is decreased* bdlow the point necessary to main¬ 
tain the lightning charmel. 

Complete data on the limiting value of li ghtning 
stroke potentials are not yet available but fairly good 
approximations for potentials ordinarily encountered, 
nmy be made. Since voltages may be caused either by 
direct strokes or by induction, it is of practical impor¬ 
tance to be able to estimate the nummical values of 

these voltages under bpth conditions. 

DutEioT Strokes 

^Peek discusses toe question of direct ligh tning strokes 
from toe theoretical aQ>ect and airivto at several in- 
twatingconcluao^. The chance of a line bang struck 
by a direct bolt increases of course with increasing 
h^^t of Inm. a flat plane without projections, 
a tow» may be hit whmt toe distance fivm it to toe 
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Inducep Surges 

When voltages occur by reduction their pn la rity is 
opposite to that of toe cloud source and tomr 
values may be calculated by toe formula 

V = Gha 

where V is the voltage above ground, G is the potential 
gradimit in volte per foot (100,000 is toe accepted maxi¬ 
mum vrfue), h is toe line height in feet, and a is a factor 
dei>ending upon toe duration of doud discharge and 
toe distribution of bound charge. Values of <* cal- 
edated on toe basis of an mcponential rate of cloud 
discharge may be seen in Fig. 1. Since an instantaneous 
cloud discharge is impossible, a alwa]^ will be less 
than imity. As plotted in Fig. .1 a is toe factor to be 
used in computing maxhumn pptmitials at toe point 
of origin while a' is the frtctqr for computing toe crest 
voltage on toe resulting trav<tong wave. 
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That the distribution of bound charge affects the 
shape of the traveling wave to a much less extent than 
does the law of cloud discharge had been determined 
previously. The bound charge tiierefore can be as¬ 
sumed to be rectangular without involving any marked 
departure from the true shape, of the traveling wave. 
Cathode-ray oscillograms are especially useful in det^- 
mining tiie shape of traveling waves. If taken reason¬ 
ably near the source and not badly distorted by spark- 
overs, losses, or reflections, they give practically the 
complete life history and characteristics of the stroke. 
In oscillograms of this nature the time from zero to 
crest voltage gives a measure of the length of bound 
charge, while the time from crest to z&ro on the falling 
part of the wave is the duration of cloud discharge. 
In addition the equivalent distance for one-half the time 
to crest approximates the height of the cloud. These 
ideas regarding the origin and characteristics of in¬ 
duced surges are concurred in by both Bewley and Peek. 

Bewley points out, however, that as the time of cloud 
discharge increases, both a and a' (Fig. 1) decrease 
and rapidly approach equality for discharges slower 
than 10 microsec. He has computed also that for an 
average line height of 60 ft., and a 3,000-ft. rectangular 
boimd charge (allowing 10 microsec. for the cloud dis¬ 
charge) the maximum voltage for induced traveling 
waves is somewhat less than2,000 kv. A similar compu¬ 
tation by Peek agrees with this value. It is evident 
that high-potential induced surges are possible only 
with very short waves and that for doud discharges 
of long duration induced surges become quite harmless. 

Peek, in discussing further the relations between 
traveling waves and doud characteristics, states that 
information can best be obtained by cathode-ray 
osdllograph measurements made in the field. When 
the waves become distorted, however, the front no 
longer is of value in obtaining information on cloud 
height or length of bound charge because the values 
would be too high. The lengthened tails on such dis¬ 
torted waves indicate a longer duration than actually 
obtained. A good approximation, however, is that the 
duration of discharge is twice the time frx>m crest to 
half voltage on the tail part of the wave. Since due to 
reflections a wave may persist for a number of loops, 
only the first loop is of interest for this approximation. 
Fig. 2 shows the results of a large numb^ of such oscillo¬ 
grams where the crest voltages were higher than 100 
kv. and line sparkover did not occur. 

When the time and manner of discharge have been 
deterinined the lightning discharge current also can be 
ascertained mathematically. However, since these 
currents appear quite large (400,000 ami)eres for a 
typical case) confirmation by actual fidd measure¬ 
ments is necessary before final conclusions can be drawn. 

General Properties of Traveling Waves 

Betriey continues his theoretical study of travding 
waves as outlined briefly ifr the following paragraphs. 


The bdiavior of an n-conductor systemhavingmutual 
inductance and capacitance between conductors can 
be formulated by a partial differential equation of the 
2 n order in both time and space derivatives. Although 
a formal solution for such an equation exists, it is too 
complicated to be of much use from an engineering 
point of view. However, solutions for (1) a no-loss 
ssrstem, (2) a completely transposed system, and (3) tiie 
steady-state alternating-current condition, are easdly 
obtained. 

If a line is free from losses the differential equations 
of the systan are satisfied by pure wave functions. 
If the line is completely transpo^ so that every con- 



Fig. 3. Induced voltages on 50- and 80-(L lines 
for different cloud-discharge durations and two 
cloud heights 


ductor occupies the same relative position .as every 
other conductor, and for the same distance, then the 
posable average velocities between terminals are 
reduced to two in number. The conventional method 
of calculating the st^dy-state alternating-current 
behavior of a transmisaon line by using constants to 
neutral is a very special case, but is rigorous for a single- , 
drcuit, three-phase, completely transposed line. 

For friee traveling waves on a multi-conductor system, 
the energy is equally divided between the electrostatic 
and electromagnetic fields. However, when waves 
moving in the opposite direction pass through one 
another (as occurs from reflections at transition points) 
the energy balance is upset so that the energy resides 
more in one form than in the other. Pure travtiing 
waves, which can occur only in a no-loss drcuit, in 
general have as many possible velodties of propagation 
as there are conductors in the dicuit. Whai the con¬ 
ductors are overhead wires these velodties all reduce 
to the velodty of light. 
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The behavior of traveling waves at gen^I tranation 
points (see Fig. 4) can be determined by a system of 
simultaneous equations involving the reflection, re¬ 
fraction, and transfer opoators of the circuit. By a 
fortunate coincidence these can be pressed by one 
or the other of two equations containing only three 
parameters. In solving for different terminal condi¬ 
tions, therefore, it is necessary ma'ely to tiabulate the 
values of the three parameters for dlff^nt cases with 



Fig. 4. Incident- and reflected-wave relations on a 
multi-conductor system 


method is only an approximation, of course. In a 
great many cases, however, it is sufficiently accurate 
and has the advantage of simplicity especially where the 
incident wave is greatly complicated. 

The third method, in which the wave is represented 
as a sum of functions for which the solutions are known, 
is quite useful and practicable. By properly compound¬ 
ing a few simple functions almost any desired wave 
shape can be reproduced with a fair degree of approxi¬ 
mation. This process is illustrated for a few typical 
cases in Fig, 5 where the elanentary waves considered 
are (1) infinite rectangular, (2) simple exponential, 
(3) uniformly rising front, (4) damp^ sinusoid, and 
(6) difference of two exponentials. 

Attesnuation and Distortion 

Bewley continues that it usually is justifiable and 
convenient to perform traveling-wave calculations 
on the assumption of no losses, and then to compensate 
for attenuation by an exponential decrement factor 


reference to the proper equation. Thus a large mass 
of information can be condensed into a relatively small 
space. 


Typical Shapes op Traveling Waves 


The principal shap^ of most natural waves may be 
represented by the difference of two exponentials, the 
actual waves of course being s^rated by minor irr^u- 
larities. The cathode-ray osdllograph has proved its 
usefulnea in investigating tiiis phase of the problem, 
and during the past few years many oscillograms of 
natural lightning waves have been obtained under 
widely varying conditions. These have provided fairly 
dednite information as to the general shape and charac¬ 
teristics of such surges. In calculating the effects of 
travding waves, therefore, these characteristics must 
be kept in mind so that the influence of fronts, taila, 
and lengtiis of the wav® may be evaluated. Three 
- <Merent metiiods for calculating waves of arbitrary 
shape are given by Bewley as follow: 


operational notation, comblno with tiiefunction _- 

l«aere^or«lraction ope«rtor.and«,l«tho,«alC^i^^ 



Fig. 5. Separation of complex waves into two 
simple waves 


uoniooni ooiMsponding to eatii oiuaponent rectangular wave 
nmwiual aohitiana are known or can be found, and add themwlutk^ 

Each of th^ methods is subject to certain advan- 
^ and Inmtations. With the firet method the wem- 
^eq^tions usuaUy are so complicat^ tSTa 

the most laborious and complex process. The s^ond 
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uerer^M expenmentaUy. Corona, it is generally 
a^, is ae chid ^use of attenuation and dii 
Ete elongates the wave. 

Effects of line losses are threefold; (1) voltage and 
^ attenuated, (2) wave shapes are dis- 
tw^ mth tune, and (3) tl^^ waves depart from exact 
®o“lan1y, so that the simple linear proportionality 


Ei*bc?erical Enginberinq 




factors (called the surge impedances) and the Unear 
equations cease to hold except as approximations. 
Skin effect and normal line losses, according to Bewley, 
are of minor importance and may be neglected in com¬ 
parison with corona losses. 

Brune and Eaton in discussing the theoretical aspects 
of their line tests state that the very front of the wave 
suffers the greatest attenuation (becoming less and less 
steep) the net result being that tiie entire wave is 
lengthened and the crest voltage is reduced. This is 
caused not only by corona, but also by skin effect and 
series resistance in the line. Attempts to calculate the 
effect of corona by assuming an equivalent “leakance,” 
however, are stated to be erroneous, since the corona 
does not establish a conducting path by means of which 
charges may leak off the line except at voltages near 
sparkover values. 

To clarify somewhat the mechanism of corona, Brune 
and Eaton explain that usually the area surroxmding a 
conductor becomes conducting only within an envelope 
of limited radius, and as the voltage rises above the 


perienced in keeping track of such reflections where 
numerous reflecting points exist. To solve this difficulty 
lattice diagrams have been devised which show at a 
glance the pcMtion and direction of motion of every 
incident, reflected, and refracted wave on the system 
at every instant of time. In Fig. 6 a typical lattice 
diagram has been set up for a line contdning three 
reflection points. These reflection points may conrist 
of any combination of impedances in series with the 
Une or shunted to ground. The circuits between these 
points may consist either of open lines or cables, and 
may have different surge impedances, velocities of 
wave propagation, and attenuation factors. 

To construct such a lattice for any particular case 
it is necessary only to scale the jrmctions at intervals 
equal to the time taken by the wave to traverse each 
section between jxmctions. A suitable time scale then 
can be chosen (shown as the ordinate in Fig. 6) and the 
diagonals drawn in. 

Reflection and refraction operators can be placed 
at the top of tiie lattice over the respective junctions 
with suitable directional indicators. These may be 


Reflection *i — 
Refraction bj — bj 
Attenuation or 



^2—a| 83 —a| 

bj — b2 bj — ba 

j3 

mNo .2 _ mNo ,3 

TT T ^ 



Fig. 6. Typical lattice diagram lor computing 
successive reflections 


corona voltage, charges enter this envelope tiiereby 
decreasing the voltage on the front of the wave. Such 
charges will remain in the corona envelope as long as 
tiie conductor voltage is high; when it falls the charges 
return to the conductor thus tending to maintain the 
high voltage on the tail of the wave. In this exchange 
of charge between conductor and corona envelope 
energy is lost, but no charge. 


SitCCESSIVE Refiections 

In a number of important problems, such as in the 
theory of ground wire, the effect of short lengths of 
cable, and trunk lines tapped at short intervals, it is 
necessary to condder^the effects of succesave reflec¬ 
tions of traveling waves. Difficulty sometimes is ex- 


seen at the top of Fig. 6 where a and a' are respw- 
tively the reflection operators for waves approaching 
from the left and right, 5 and &' are respectively the 
refraction operators for waves approaching from left 
and right; a smd are attenuation factors for the 
Sections between junctions. These operators, of course, 
are operational expresaons involving the impedance 
functions of the junctions, but no restrictions are placed 
on thdr generality. Starting at the origin of the initial 
inddent wave at the top of the lattice, the reflected 
and refracted, waves at each junction can be obtain^ by 
applying the operators of that junction to the incid^t 
wave arriving there, then proceeding until the latti^ 
has been completed. In these lattice diagrams it will ^ 
be observed t^t: 


I, All waves travel “down-hilt** 

2» The position of any wave at any time Is determined the vertical 
timA scale at the left of the lattice. 

8, The total potential at any point at any Instant of time Is the super- 
position of all the waves which have arrived at that point up to that inst^t 
of time, displaced In position from each other by Intervals equal to the 
instants of their time of aicivaL 

d. Theprevloushlstoryof any wave Is easily traced. 

5. The effect of attenuation is included. ^ 

A If it is desired to carry the computations to a point whera 
practical to place the various operators directly on the lattice itself, then 


Fiff. 7. Minimum 
ground wir« 
heights (y) to 
shield line con¬ 
ductors against 
direct strokes from 
clouds 1,000 ft. 
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Dowell ^ us^ this method in analyzing the results 
iiliSrr® investigations with artificial lightning 

sections of lines. These 
are treated m another part of this symposium. 

Overhead Ground Wires 

To protect line conductors from direct hits the 
^und ^ or Twres should be at a suflScient distance 

hJr# the Kghtnmg. Peek 

has found that the shielding effect of groumi wires 

also 

Sh +? ^ distance between their projections 

md th^ of the hne wires. Rg. 7 shows minimum 
^u^ for the ground-wire heights required to protect 
aK« a^inst direct hits from a cloud 1,000 ft. 

respective heights for the line 

^ “ay shield 
-Tfl aot protect 

side flashes or sparkovers from a struck ^ound 

Hazwds due to direct hits of this nature can be 
reduced by spec^ provision in ground-wire design and 
^er spacmg, but usually these are consideiS un- 
M^saiy smce the chance of a hit between towers is 

J'^^ever, immunity 
from out^ due to dmect hits can be aj^roached only 
Witt low tower footing resistance to mainttin low towi- 
potenl^, ^d with heavy line insulation. In^l^ 
in addition to the overhead ground wires with 
which hues now usuaUy are equipped, “direct-stroke” 
wes sfaung above the ground wires may be necessarv 
tt prevent flashovers from midspan hits. The advan- 
^eoM effect of short span construction can be simu- 

y supporting the ground wire not only from the 

I^^-footingresistance 
wires connected to ttelS 

SSJrnSX*"* -vcnwd^wener.lS" 

to « difficult 

to obtain low tower footing resistance snecial 

dericTS^tt.^ Tf* »"'*«• It »»>» 

poweiCTitentL>m fiT-’ hut wffich would prevmit 


Lightning Surges and Line Construction 
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Formation of line suiges due to lightning strokes is 

tt?^*? “ accordance with 

I instruction used. Their two 

to not eqmpped witt ground wires, and (2) steel 

tower to equipped with ground wires. ^ 

fi“t wood pole lines unprotected by 
^md wi^ or spiU^iver gaps, the potential attained 
hi^h structure breaks down may be veiy 

over, the ^tenS 
is reduced qmckly to a value which depends upon the 
su^e impedance of the conductor aS of the w^d 

Some simple calculations Zg 

constants show that a stroke 
-if® 15.000.kv. suixe on a single line 
®®^‘ at 77 per cent of this value on aU 

Under 

flashover to ground will occur im- 
m^tdy, but a potential of about 30 per cent of the 
surge ^ still exist. Intteca^ofs^ tow^ 
wires the surge potential of the conduc¬ 
tor ^ flashover will be the same as that of the tower 
TO that one ins^tor string only may be flashed over if 
2““P®?®“®® t*^® tower is low. The likelihood 
dLTinj flashov^ place at adjacent towere is 
“tensity of the stroke and the 
^lOT flashover first 

JSttere ground wires are used on steel tower con- 
s^ction, a^g ttat the protection is adequate, 
flattovers still may occur if the line is inadeouatelv 
m^ted. When a bolt strikes the ground wire at 
midspan the resulting surge wiU .trevel to accent 
towers where part of it will be absorbed by the tower 

SlSS ® and part wiU be 

reflected. Flashovers may occur between the towere 

T “ore conductors, so that towere, ground 
conductors will assume the same 

also may take place at midspan 
t**® conductor 

then wiU be of sufficient magnitude to cause 

an additional flashovffl* at an ad jacent tower. 

In a wdl protected, weU insulated line a stroke to 
ground wire m midqian or to a tower is quickly 
reduced by reflections from adjacent towere ^d be- 
TOmes of v^ small magnitude three spans distant from 
tte pomt luti Calculations indicate ttat where toww 

insulator flashover is not 
tody to occur, fa aU cases where flashovere do not 
^dspan or at towers, potentials in- 

liS* T by coupling will become neg- 

hgible beyond the region of the disturbance, fa sutt 
cases no surge wiU be propagated over tte line to 
tonmnal apparatus and tte line will continue to operate 
unaffected by the lightning stroke. 
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Field Tests with 
Artificial Lightning 

High'voltage impulses simulating lightning 
surges can be impressed on a line at will, 
*and now provide the most convenient means' 
for studying the characteristics of such 
waves. Corona is found to be the greatest 
cause f wave attenuation and distortion; 
to a lesser extent, skin effect. 


In the first class of field investigation 
described, high-voltage impulses were impressed upon 
the line and cathode-ray oscillograms taken at different 
points along the line. By comparing oscillograms of 
the original wave with those taken out on the line, 
information was obtained regarding the general be¬ 
havior of traveling waves with particular attention 
given to attenuation and distortion. In the investiga¬ 
tion described by Dowell, oscillograms were talmn at 
the point of impulse-generator cormection only. These 
tests were made with an osdllograph having a com¬ 
paratively slow sweep, the principal object being to 
determine the effects of reflections. 

To obtain the high-voltage surges, a lightning im¬ 
pulse generator designed especially for this class of 
investigations was used. Both this apparatus and the 
cathode-ray oscillograph have been described in detail 
in previously published articles. 

Brune a nd Eaton report upon the results of a test 
of the first type mentioned which was made jointly by 
the General Electric Company and the Consumers 
Power Company (Mich.) on the Croton Dam-Grand 
Rapids 75-kv. line of the latter company. line date 
and other features of these experiments are given in 
Table II. Because previous spheregap tests showed 
that the rate of attenuation is affected by voltage, 
polarity, and distribution of the charge over one or more 
conductors, test wave shapes were chosen to accentuate 
these features. 

Factors Affecting Wave Propagation 


A group of typical cathode-ray oscillogramB replotted 
to uniform time and voltage scales is shown in Fig. 8. 
It may be noted that attenuation is much more rapid 

above corona voltage thanbelowit (the calculated critical 

corona voltages for this line being 85 and 126 kv. for 
surges on one and on three parallel conductors, 

respectivdy). ^ , . • 

These wpvessupporttne theory that m tire mechamsm 


of corona, as previously outlined, (1) the area surround¬ 
ing a conductor becomes conducting only within an 
envelope of limited radius; (2) when the voltage rises 
above the corona voltage, charges enter the envelope 
and remain there until tire conductor voltage falls, 
returning then to the conductor and thus holding up 
and flattening out the tail of the wave. The process 
can be likened to the discharge of one condenser into 
another through a retistance, the difference bmng that 
on a transmission line the quantities are distributed 
rather than lumped, and are variable depending upon 
the voltage. 

It may be noted, however, that other factors besides 
corona appear to affect the propagation of the surges. 
This is brought out clearly in those oscUlograms where 
the crest volts«e is below the critical corona value. 
Such waves exhibit changes in form which might be 
caused by line retistance, the general effect observed 
being a continuous attenuation of the front of the wave, 
a reduction in orest voltage, and lengthening of the 
wave tail. Thisisaccountedforby the variable charac¬ 
ter of the line reastence due to sl^ effect as explained 
in another article of this group. 

Lewis and Foust attribute the flattening of the wave 
front and lengthening of the tail to the lower vdodty 
of propagation for the high-voltage portion of the wave, 
but that such a point of view must not be accepted 
finally as an ^planation of the mechanism of surge 
propagation without a closer examination than has 
yet been given. These authors state further that the 
influences of corona and polarity upon surge propaga¬ 
tion have been diown to be great and that both probably 
are determining factors. Conditions of relative energy 
loss on the front, crest, and tail of the wave, however, 
are to be but little imderstood, the shift of energy 
relations within the wave possibly accounting for wave 
changes which have been demonstrated. 

Attenuation 

Attenuation curves for several tests diowing maid- 
mum voltage against miles of wave travd are ^own in 
Hg. 9 (Brune and Eaton). The effect of polarity upon 
attenuation is evident in these curves at once, the posi¬ 
tive surges being attenuated more rapidly than the 
negative surges, eq^edally by corona. In comparing 
waves I and J with waves A and B, it may be noted 
also short waves are attenuated more rapidly than 
are long waves. 

To draw a comparison in attenuation between vraves 
on one and on three parallel conductors, respectivdy, 
reference is made to curves C and I (which have ap¬ 
proximately the same length at a voltage of about 
600 kv.). It may be seen readily that surge C att^u- 
ates more slowly than surge I; the same comparison 
may be drawn between surges D and J. It seems 
obvious, therefore, that a surge on three conductors 
vrill attenuate more tiowly than a corresponding surge 
on one conductor. This is in accord with the fact that 
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where the same voltage is applied to three parallel 
conductors the voltage gradient will be less than 
around a single conductor. Therefore, the effect of 
corona (which is considered the greatest single con¬ 
tributing factor) will be less for three conductors than 
for one. 

Reflections 

The experiments described by Dowell were made on 
the 132-kv* Philo-Canton line of the Ohio Power 
Company (see Table II). The oscillograph in this case 
was coupled to the line at the point of connection of the 
lightning impulse generator. The voltage measured is 
the sum of the incident and reflected waves, the two 
components being entirely different in magnitude and 
shape. Crest voltages of the applied waves were ob¬ 
tained by sphere-gap measurements, and the voltages 
of successive reflections by comparative deflections 
on the oscillograms. All waves in these tests were 
applied to a single line either grounded or open-circuited 
at the far end. According to Dowell, if the applied wave 


senting an incident wave, these operators give respec¬ 
tively the differential equations, the solutions of which 
are the reflected and refracted waves. This mathe¬ 
matical work was facilitated by the use of Heaviside’s 
operational calculus. Attenuation constants were 
determined by comparing the calculated values with the 
oscillogram measurements. This method of attack 
seems especially applicable to cases wherein the wave 
of the applied impulse is long enough to permit a 
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Fig. 8. Typical oscillograms replotted to uniform 
sca.l^ t illitfstrate change in wave shape with travel 
along the line 

iiypf the order of two or more tim^ the length of the 
line, successive reflections are superposed 
pitf cnie another and the individual waves must be segre¬ 
gated before attenuation constants can be obtained. 
Th^s segregation wes facilitated by use of the lattice 
uiagrahis described by Bewley in another part of this 


^flection and relation op^tors were derived 
l^tl^ematically for the existing line and tenuinal con- 
'draons. When applied' tb'the function of time repw- 


Fi,. 9. Reduction in aesi voltose of typical 
traveling waves 

reflection to return to the point of measurement 
before the original wave has completely passed that 
point. 

A typical lattice diagram for a typical line condition 
with an oscillogram taimn at the lightning generator 
under the same condition may be seen in Fig. 10. The 
various crests in the oscillogram show definitely the 
effects of successive reflections especially at the fifth 
wave crest where reflections from both ends of the line 
are superposed. 

Discussing attenuation on the basis of his results, 
Dowell agrees that the principal causes of wave attmiua- 
tion and distortion are corona and, to a lesser extent, 
skin effect. However, he states that artificial lig h tning 
waves may attenuate considerably without an appreci¬ 
able change in shape, other, than some slowing down of 
the crest. FVom these findings it is tiiought permissible 
to treat such traveling waves as though the line were 
distortionless, in which case ^e attenuation is ac¬ 
counted for by a ^ple .exponential decrement factor. 
Waves.calculated under these conditions, check quite 
dosely with' oscillogram measurements as 'may be 
seen&omMg.lL 

Dowdl states fuiihd' that while -the segr^tion of 
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Typical comparUona 
betwe n caicnlated 
waves and actual 
m asurements 


Fig. 10. (Left) Lattice 
diagram with oscillo* 
gram taken at point C 
(or line condition 
shown. Note peak at 
A(ih wave crest where 
tworeflectionsaresuper* 
posed (ei In diagram) 


Fig. 11. (Right) Volt- 
age-time relations (or 
traveling wave on line 
open at ^ne end; 
(above) computed 
curves; (below) oscillo¬ 
gram at point A 


the attenuation from successive reflections is a long 
and laborious process subject to errors both in the 
mathematical and oscillographic work, the calculations 
demonstrate once more that traveling waves on trans¬ 
mission lines may be computed with excellent wigineer- 




ing accuracy by treating the line as distortionless. 
Induced Voltages in Parallel Conductors 


positive , and negative waves the voltage of induced 
surge is lower at the beginning and higher later on than 
that which would be due to the field of the inducing 


The theory of induced surges in parallel conductors 
developed by K. W. Wagner for the non-dissipative 
line, leads to a set of simultaneous linear equations 
expressing surge voltage on any conductor in terms of 
the surge currents on all the conductors. The usual 
convention of regarding all voltages as being composed 
of two traveling waves proceeding in opporite directions 
is observed. Because of the linear relationships in these 
equations an induced surge will have exactly the same 
wave shape as the inducing surge. An isolated conduc¬ 
tor will have a potential due to its position in the field, 
but no current dong the conductor. 

Sphere-gap measurements of induced voltages made 
in 1929, however, showed that the ratio of induced to 
indudng voltages increased as the surge proceeded 
along the line. Since attenuation was also in evidence 
it followed that the' theory of the non-disapative line 
would not hold accurately. 

Further light is thrown upon this phenomenon by 
oscillograms obtained by Brune and Eaton, a selection 
of which appears in replotted form in Fig. 12. In these 
oscillograms it may 1^ seen that the wave shapes of 
induced and inducing sui^ diffa: widely. For both 


surge alone, while the negative induced surge is actu¬ 
ally of oppofflte polarity at the beginning. This peculi¬ 
arity in the induced wave cannot be attributed to corona 


INOUCINC SURGE -INDUCED SURGE 



MICROSECONDS 

Fig. 12. Replot o( induced and inducing surges n 
(ree conductor ( r b th negative (left) and p sitive 
(right) inducing impulses 
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effects; the same conditions have been found to exist 
on surges below the critical corona voltage. 

In an attempt to arrive at some conclusion in regard 
to this effect, Brune and Eaton say that there appears 
to be a continuous separation of charge taking place 
within the induced surge. A charge having polarity 
opposite to that of the main surge is thought to collect 
in front of the induced sxuge, thus decreasing the re¬ 
sultant voltage there, while charge of the same polarity 
increases the voltage in like mann er in the latter 
portion of the induced surge. The mechanism by which 
this separation takes place is not at all clearly rmder- 
stood, but it seems to be connected in some way with 
the process of attenuation and distortion of the main 
wave. Thus it appears that not only is the self-surge 
impedance no longer a constant for wave propagation 
on a dissipative line, but also that the mutual surge 
imiredances have become more complicated. This 
theory would account for the flattening in wave crest 
noted in Jig. 8, waves C, D, and N. 


was afforded for evaluating the results in terms of 
actual operating experience. 

Test Equipment and Instruments Used 

Besides the cathode-ray oscillograph whicli has found 
xiniversal application in all lightning surge studies, the 
klydonograph also has been used to a large extent for 
making both voltage and current measurements. 
Surge-voltage recorders, also well known in this class 
of work, have been used in many cases. The field 
intensity recorder described in previously published 
articles also has found some application. Three new 
devices, developed especially for this sort of investiga¬ 
tion and used in some of the more recent tests, are: 

1. Direct-stroke recorder. 

TMb Instrument consists essentiaUjr of a small klydonograph with tliiiUiff 
accessories omitted, and is built into an ordinary tolophone rucolvor It 
usually is coupled directly to the transmission-line towor tlirotigli a rtmls- 
tance potentiometer, (See Fig. 13) 


Field Tests With 
Natural Lightning 


Alfhough lightnins surges of as high, as 
5,000 lev. have been recorded, only about 
ten p r cent of these have crest voltages of 
more than seven times normal line voltage. 
One important result of recent investigations 
is the proof that a direct stroke cen occur to 
a tower or ground wire without causing a 
Rashover. 




CAtthmc ■ lightning mVESTI- 

be unphed, differ from the experi- 
mmts just related mainly in that the tests and measure- 
were confined to natural lightning discharges 
o^g dunng stonn periods, and the insulting 

A^i^gly the results have been coniated 
fl^ovem, faults, and general system per- 
w^ce. A few measurements were obtained at 
close to actual direct strokes. The effects 

tower^ZS 


«««4iww€TOmvesQgated. - 

fliB jy^estit^tions were conducted for 

emost part with the Imesmoperation an opportunity 
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2. Singe or fiashover indicator. 

This is s small dsvlcs which can be applied to each insulator ossuinlily on a. 
tower aud is so dssigned that an Indication visible to a ground patrolninn 
1*111 show sfter a fiashover on that assembly has occurred, 

8. Storm-sevmty meter. 

emntially of a rolI41m box camera containing a special glon- 
the tube being connected between a 804t. vertloal antenna and gnmnd. 
^Uapw a electric Charges coUectlng on the antenna during storms causos 
t^ ti^ to glm and record a spot on the film! thus the Intensity or .logroo 
fj. of this spot Is an Indicated function of the nnmbor of ebargus 

on the antenna and their magnitude. 

The lines on which these investigations have been 
c^ed out are indicated in Table II (see also Pig. 16). 
liine construction data are given with special features 
noted; instruments used in each case are listed to 
give some inification of the scope of each investigation, 
features of each investigation are noted also. 
The remits although sometimes difficult to interpret 
ney^heless reveal many interesting aspects of the 
J^tnmg situation and the line protection problem. 
Y/aeeerer posmble attempts have been made to corre- 
system disturbances directly with either direct 
The inconsistencies which 
^ incomplete underetanding 

behavior of lightning, 

Dibb<3t and Induobd Strokes 

measures for protection may be 
^opted. It IS necessary first to distinguish be^een 

magnitudes of 

their potentials, and the frequency of occurrence and 

oharaeteristics. and th«. to 

l^t ot Wtem parfamaaca. That dtaatXw to 

SC generaUy ^greed^. and that direct 

stroKes to ground wires or towers often d6 also. In- 

EiBOTBiuAi, Engineering 
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Fig. 13. Direct-stroke 
recorder Install d at 
bas of tow r 


tripped out three times within 20 minutes during this 
storm, but the only flashover which could be located by 
inspection after the storm, was on the top phase of the 
tower adjacent to tbat at which the Idydonogram was 
obtained. 


Fig. 14. Circuit dia¬ 
gram for a “double¬ 
sweep** cathode-ray 
— oscillograph 

duced surges, .either from cloud discharges unaccom¬ 
panied by stroke to earth, or from direct strokes to 
nearby objects, may in some cases be sufficiently, high 
to <»use flashovCTS and line trip-outs. The probability 
of induced voltages causing line outages is greatiy 
reduced by overhead ground wires, and also dei)ends 
to a large extent upon towa* footing resistance and 
line insulation. 

Bdl and Price, in reporting the results of mctensive 
investigations pursued on the 220-kv. transmission 
system of the Pennsylvania Power & Light Company, 
state that direct strokes usually contact only one 
object (ground wire, power conductor, or tower top) 
and do not fork to other objects (power conductors 
for instance) in the same vicinity. They also state 
that voltages induced in the conductors by the col¬ 
lapse of cloud fields do not appear to endanger service 
over circuits as highly in^ated as the lines in question. 
In their investigation an attempt was made to deter¬ 
mine the approximate magmtude of induced surges 
by measuring the voltage induced in a 100-ft. antenna 
iMtalled near the line, but not coupled to it. A poten¬ 
tial of from 2,700 to 3,150 kv. was measured on this 
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Two cas^ are reported by Spom and Lloyd wherein 
trees ware struck at points quite near the line. In 
one case two trees respectively 600 and 1,500 ft. from 
the line were struck. The nearest surge-voltage re¬ 
corder (more than a mile away) indicated two highly 
damped surges of -4.8 and -1-2.4 times normal voltage, 
but it was imposrible to correlate mther stroke with a 
line trip-out or even a flashover. By a peculiar coin¬ 
cidence another tree at this same point had been strudc 
previously. This tree was 360 ft. from the line and near 
the 600-ft. free mentioned in the other case. At that 
time the surge records* (located at an adjacent tow®-) 
indicated a positive maximum voltage of 2,100 kv. A 
frip-out occurred apparently caused by the hi gli voltage 
induced from the direct stroke to the tree. These two 
cases well illusfrate some of the inconsistencies 
encoimtered. 


antenna, but the corresponding voltage induced in the 
line conductor was only about 360 kv. In no case 
coffid extiemely hig^ voltages measured on the trans¬ 
mission line be correlated with those measured on the 
antenna. 

During this same inv^tigation an oscillogram was 
obtained of a direct stroke of n^^ative polarity which 
occurred not more than 600 ft. from the ligh tning 
laboratory and which caused a trip-out and single¬ 
phase fault. This oscillogram is shown in Pig. 16. 
As may be noted, the voltage rise was rather gradual 
for the fii^ 3.6 microsec., but was quite rapid during the 
next 2 microsec., until the insulator flashed over on the 
of ^e wave at a potaitial of more than 2,760-kv., 
the maximum range of the oscillograph. 

Another interesting record of a direct stroke is that 
obtained by Gross and Cox. (Pig. 17.) This represents 
a klydonograph record, simultaneous records .being 
bbtamed by both the direct-stroke recorders and 
cathode-my oscillograph. The line (Tumer-Logan) 


Lewis and Poust comment on the question of direct 
and induced strokes as follows: 

“Apparently there is evidence to the effect that 
direct strokes play an important part in transmission 
flashovers and outages. There is a great deal of evi¬ 
dence that induced strokes also are highly important. 
There is insuffident evidence at the present time to 
evaluate more exactly these two tsqies of strokes.” 

Crest Values op Lightning Surges 

As migdit be expected the cnest. values of lightning 
voltage and currents are subject to many variations 
also. Bdl and Price report a maximum voltage well 
above 3,000 kv. (see Pig. 16) measured at a point not 
more than 500 ft. from the stroke. Currents frmn less 
than 40,000 to about 260,000 amperes are indicated 
in their report. 

Voltage measurements frojn a 4-ycar study are 
plotted by Gross and Cox as dio^dn Fig/-18. Volt- 
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a.g6s of surges due to switching also are shown in this than seven times normal line voltage; It has been corn- 
diagram. The TtiaTiTniiiw li ghtning voltage recorded puted also that the lines involved in this investi^tion 
was about 26 times normal, or 2,800 kv. It may be (Appalachian Electric Powct Company) are subject to 
noted that only 10 per cent of the surges were of more 4.6 lightning voltages of 15 times normal per 100 mi. of 

line per year. Compared to oth®* published data this 
would show that the lines in this territory are sub¬ 
jected to lightning disturbances of greater than average 
severity. 

In the same investigation similar results were ob¬ 
tained for lightning voltages appearing at substations. 
In this case the. highest lightning voltage recorded was 
only twdve times normal while only 4.5 per cent were 
more than seven times normal. This reduction is 
attributed to the lightning arrester protection inst^ed 
at substations and also to the number of paths into 
which an incoming i^ge can be disapated. 

Spom and Lloyd report a maximum lightning 
voltage obtained (Philo-Canton line—^1930) by surge 
recorders of only 6.5 times normal (700 kv.). The 
low severity of lightning storms during that year in that 
section of the country is believed to be the reason for 
the absence of higher voltage measurements. Dis¬ 
charge currents of from 40,000 to 670,000 amperes were 
indicated, however, (by adding the tower currents), 
the current distribution for a typical case being riiown 
in Fig. 19. These valu^ are subject to a certmn 
amount of error because of the fact that'all currents 
may not have been recorded simultaneoui^y. Reflec¬ 
tions at points of changing surge impedance also would 
affect the measurements. 

Lewis and Foust have plotted (see Fig. 20) the results 
of li ghivumg voltage as measured by surge-voltage 
recorders based on a study of 678 lightnii« surges oc¬ 
curring on fourteen s 3 ^stems during the years 1926-1930 
inclusive. Voltages due to switching are shown also, 
based upon 724 surges occurring during the years 
1927-1930 inclusive on practically the same s 3 rstems 
from which the lightning data were taken. These 
curves are in close agreement with those obtained by 
Gross and Cox. 

All of the results mentioned sq far have been con¬ 
cerned with lines having steel supporting structures. 
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Fig, 16. Oscillogram of a direct stroke taken 
about 500 ft. from point of stroke and 125 ft. from 
Insulator flashov r; flashover occurred also at an 
adjacent tower and was followed by a line trip-out 
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FSg. 17. Klydonograph record of a lightning surge 

Nei^tlve are indicated on ground wire and two top 

^nductors: positive siirges are in evidence on aU line conductors 
A ^ultlneoas cathode-ray oscUlograin showed the disturbance 
to b oscfllatory. Omportant details of klydonograph records 
are unavoidably lost in reproductionj 

Much higher voltages due to lightning have been 
reported by Pittman and Torok in their tests on the 
C^mden-Magnolia (Ark.) 110-kv. wood-pole line. On 
this line pole-gronnding wires are installed only on 
guyed structures which normally are about one mile 
ap^. The maarimum voltage recorded in the investi- 
gahon was approximately *6,000 kv, measured at a 
point about 4 mi. from point of stroke (see Fig 
indicated rate of potential rise is about 
4,^ per mierosec. These values cdntrast sharply 
with the maximum reported on steel-tower lines. It 
appears quite obvious that the voltage of the discharge 
u measured at the point of incidence would have 
^n much higher thsm the voltage measured 4 mi. 
distant, although the actual maximum value is a 
matter of interesting speculation. 

An examination of the surroundings near the point of 
disch^e of this bolt showed that an arc had been 
established from a line conductor to a telephone wire 
crossmg 22 ft. below the line. In addition both 60-ft. 
poles on the Enframe supporting structure adjacent to 
the telephone line crossing were splintered. Allowing 
360 kv. per ft. as the breakdown strength of air, a 
pot^tial of 7,600 kv. would be required to flash from 
OTnductor to telephone line. However, since corona 
loss at such high voltages is tremendously high, it is 
qmte obvious that a 2,600.kv. difference is not sufficient 
to account for the voltage lost in 4 mi. of travel. 
Th^ facts would tend to place the voltage of the orig- 
mal stroke at a value somewhat higher tbai^ 7,500 kv. 

PiUASHOVEES .AND TtaP-OOTS 

I 

isolator assembUes flashed on the 
320-kv. Wallenpaupack-Siegfried line. Bell and Price 
r^ort that 71 per cent showed glaze bums characteristic 
00 flashover indicate operations, 

^9 t76 per cent) w^ asi^tcd with marked insulator 
aasembhes. Most of these flashoyera occurred on 
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phase conductors occupying the outer positions on the 
towers. Some 24 trip-outs were associated with the 66 
flashovers most of these being accompanied by single- 
phase faults. Their results show in addition that 82 
flashovers out of 86 involved only one phase, but that 
in 15 of these 82 more than one insulator assembly 
was flashed ov^. 

Gross and Cox state that of the surges hi gher 
600 recorded in their investigation, thirteen were 
associated with line trip-outs while ten were not. 
They account for the existence of high-voltage suites 
(highCT than the 60-cycle line flashover voltage) with¬ 
out flashover and trip-out by the fact that when a 
direct hit to a tower occurs the tower potential is 
^tered with respect to ground because of ite suige 
impedance and footing resistance; although the voltage 
to ground may be higher than the line flashover value 
the volta^ between line and tower may be somewhat 
less. This explanation, however, does not account for 
the absence of trip-outs in all cases, and it is believed 
consequ^tly that lightning flashovers sometimes may 
occur without subsequent power arc and line outage. 
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Fig. 18. Surge volt- 
S9es reported by 
Gross end Cox for 
the period 1927-30 
inelusive(besed upon 
143 lightning end 
98 switching surges) 


In attempting to correlate these trip-outs with tower 
footing resistance and line elevation, these authors 
definitely state that, ^'an attempt to relate line flash¬ 
overs to tower footing resistance proved futile," As 
regards tower elevation, there was some tendency for 
flashovers to concentete near high points in the line 
contour, which experience is in accord with the reason¬ 
able expectetion that Kghtning will strike the most 
closed points; these, of course, being the points of 
highest elevation. 

In the results obtained by Spom. and Lloyd during 
1980 on the Deepwater-Pleasantyille 132-kv. line, 
twelve dir^t strokes were recorded, only three of 
which could have resulted possibly in a trip-out, while 
on the 80-ini, section of the Philo-Canton line thirteen 
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direct strokes were recorded, only one of which possibly 
could have produced a trip-out. Of a total of 107 
surges recorded in Ohio only 33 per cent were due to 
lightning, 60 per cent being due to switching. Not¬ 
withstanding the many surges recorded, only four 
trip-outs occurred, three of which involved both cir¬ 
cuits. There were indications, howev^, that flash- 
overs had occurred in some cases where trip-outs had 
not. 

Pittman and Torok state that on the wood pole line 
upon which thdr investigations were made, voltage as 
high as 2,000 kv. were recorded without any switch 
operation. This was not thought particularly sur¬ 
prising since the line was equipped with several drain 
points set to operate at about that voltage. General 
^periences on this line have pointed to the conclusions 
that voltages of a harmful charactw occur only when 
direct strokes or their branches t^minate on the con¬ 
ductors, and that trip-outs on ungrounded wood pole 
construction usually result from phase-to-phase flash- 
overs. 

Lewis and Foust outline'three conditions under which 
line insulation may flash over as a result of direct 
strokes. They are (1) a stroke to line conductor, (2) a 
stroke to the tower, and (3) a stroke to the ground wire 
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Fig. 19. Typical lightnins current ditiribiition on 
either side o( a struck tower 


between towers where the potential is such that flash- 
over will occur between ground wire and line conductor. 
Direct strokes to line conductors appear to be of rare 
occurrence where steel towers and overhead ground 
wires are rised. Where insulator flashover does occur 
- iind«' these conditions, it appmently results through 
high tower potentials caused by high footing resistance. 

It is further stated that where flashover does occmr 
from tow«r to conductor the spread to other insulator 
on the same tower may be prevented by the 
resulting reduced impedance betwewi tower and groimd. 
Experience has shown .also that a flashover is not 
necessariljT folloM^ed by a line trip-out. A permanent 
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arc is not set up because the power voltage to ground 
and conductor current do not We suflicient amplitude 
and proper polarity relations to establish it. 

Extent op System Affected 

The «tent to which a transmission system may be 
affected by lightning discharges appears to depend 
mmnly upon line derign and insrflation; also upon 
whether or not flashover occurs at or near the point 
of incidence. On steel-tower lines whore flashovo* 
occurs, experience has shown that the disturbance is 
limited to five or six adjacoit towers, flashover in most 
cases occurring on one phase only, but in many cases 
on two insulator aissemblies at adjacent towers. 

Fortescue and Conwdl state that if a tower or ground 
wire is struck and no flashover results, sevwe electrical 
disturbance is limited to a few structures, and any surge 
propagated over a conductor will be of extremely low 
mftgnitnHA. They also agree that disturbances on 
tower and ground-wire ^sterns usually are limited to 
approximately six spans, where tower footing resis¬ 
tances are low. Potentials induced on the conductor 
arising from such surges on the ground wires become 
nil beyond the r^on of the disturbance. Thus no 
surge on the conductor can be propagated beyond this 
region unless flashover takes place. 

In addition to the forgoing, Fortescue and Conwell 
discuss in some detail the effect of line construction on 
surges propagated over the lines to substations. It is 
finally concluded that ordinarily with only one type of 
construction, namely, imgrounded wood pole, will the 
potentials be suflSciently high to endanger substation 
equipment. Pittman and Torok’s results agree with 
the fourth case just described in that voltages of high 
magnitude may be transmitted for several miles along 
highly insulated transmission lines and thus appear 
at terminal apparatus. This is true especially when 
direct strokes or their branches terminate on line 
conductors. 



Fig. 20. Surge voltage curves compiled by L wit 
and Foust bated upon data from f urt en systems 
for the years 1926-30 inclusive 
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Ground Wires and Tower Footing Resistance 

"Tliat a direct stroke could occur to the line without 
producing a trip-out” is said by Spom and Lloyd to be 
one of the outstanding determinations of the 1930 
lightning investigation and is believed to be due to the 
protection offwed by the overhead ground wire in 
div^ing the stroke to ground. In regard to tower 
footing resistance they continue that “the better show- 



Flg. 21. 5,000-kv. surge measured 4 miles from 
point of stroke 

phases flashed to grotmd q^Uttliig the wood-pole sup- 
portlng structure and causing a drcult breaker operation. Also 
center conductor flashed 22 ft. to a telephone line at a crosshur 
3,600 ft. from the stroke 


ing in Ohio wes probably du6 to tho lower Average 
tower groimd reastance in Ohio, mostly less than 10 
ohms against one-third of more tiian 50 ohms in 
New Jersey.” 

Date obtained in these fidd investigations have 
establidied without question the effectiveness of tihe 
conventional ground wire for protecting lines against 
lightning disturbances. In general it has been found 
that only in rare cases will a line conductor be struck 
when steel towm* amstniction with conventional ground 
wires are used. The results show in addition that fiom 

two to three tmes as many interruptions occur due to 
lightning on lines without ground wires as occur on 
lines with ground wires installed. 

It is reported by Lewis and Foust that out of 281 
total interruptions on the transmission systmn of the 
Public Service Electric & Gas Company (New Jersey) 
only six have occurred on 66- and 132-kv. lines where 
overhead ground wires are installed. Mention is 
made also of a 14-mi. 66-kv. double-circuit steel-tower 
hne operated by the Philadelphia Electric Company 
whi<m 13 equipped witii two groimd wires, one placed 
vertically over each of the outermost conductors. This 
line has not e^eriaiced an outage due to Ughtning in 
four^ The beneBdal effect of low tower 

fOTtmg resistence also is well emphasized in this case 
amce the Yesistmices are all unusually low and uniform, 

496 


bdng of the order of 4 ohms each. In this connection 
Fortescue and Conwell, i^eaMng of the 220-kv. lines 
of the Public Service Electric & Gas Company, state 
that “during one year’s investigation on lines equipped 
with ground wires, no flashov^ have occurred where 
tower footing resistances are less than 5 ohms.” 

A direct comparison between lines with and without 
ground wires has been obtained by Bell and Price. 
This comparison is illustrated in Pig. 22, where the 
number of flashed insulators per tower per year has 
been plotted against tower footing resistence for each 
case. The effect of ground wires appears to be to re¬ 
duce the number of flashovers to about 16 per cent of 
those which otherwise would occur. The effect of 
tower footing resistence at least above 17 ohms seems 
to be negligible in this case. 

Some difference of opinon appears regarding the 
benefits of low tow®- footing resistence. It is quite 




Fig. 22. Ellecb of tower footing resistance and 
overhead ground wires on insulator flashovers occur¬ 
ring on a 220-kv. line section 


generally agreed, however, that extremely low resis¬ 
tances (only a few ohms) do show a marked beneficial 
effect. 

Wave Shapes 

According to Lewis and Foust, oscillographie work 
on transmission lines under natural lightning conditions 
has shown that waves to be expected on transmission 
lines vary in time to <n^t from about 1 microsec. to 
several hundred, but that the tail of the wave extends 
over a much wider range. In general the lower voltage 
surges appear to be of long^ time duration. 

Wave shapes measured at or near the origin of surges 
have fronts which bring the conductor potential up to 
flashover values in the order of about 1 microsec. These 
high-amplitude waves of steep fixmt usually cause 
flashovers and ther^ore are reduced quickly to low 
potential values. Apparently voltage waves tiring to 
fairly high values, but still under insulator assembly 
flashover value, would possess a longer time to crest and 
also a wave tail of at least some 10 to 100 microsec. 
in length. 

Wave fronts rising at the rate of from 1,000 to 2,600 
kv. pw microsec. have been measured in several cases, 
but Pittman and Torok in their test on a wood pole line 
found that surges at the pointof origin may have a rate 
of rise of4,000 kv. or more per micros^. 
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Sporn and Lloyd present curves showing approxi¬ 
mate wave shai>es for the maxinium, minimum, and 
average wavelengths observed on 29 oscillograms re¬ 
cording 60 kv. on crest or higher, and therefore not 
causing flashovers (see Pig. 23). Wave shapes for 
higher voltage surges where flashover occurred are 
shown in other illustrations. 

Bell and Price state that among other things the 
wave forms of lightning surges appear to be dependent 
upon whether the surge originated and created fault on 
the phase to which the oscillograph is connected, or on 
either or both of the other two phases. 

Gross and Cox in speaking of attenuation agree that 
attenuation is greater for positive than for negative 
surges. They assert further that attenuation of high- 
voltage smges is very rapid, maximum crest values in 



Fig. S3. Empirical wave shapes of lightning surges 
showing envelopes for maximum, minimum, and 
average time relations 


the order of 2,000 kv. being reduced to one-half that 
value within about a mile. An empirical formula has 
been developed from actual measurements by which the 
voltage reduction or attenuation can be determined for 
any point on the line. This is illustrated in Pig. 24. 
This formula contains constants which depend upon the 
characteristics of the line under consideration, and 
agrees fairly well with results of attenuation studies 
where artificial lightning has been used. 

Wave shape and attenuation studies of natural 
lightning discharges in general agree fairly well with the 
results of theoretical studies outlined previously, but 
in any case the wave shape of a particular surge appears 
to depend upon (1) whether the surge results from a 
direct stroke or is induced, (2) polarity, and (3) whether 
or not flashover takes place. 


cated by measured structure currents. Smaller pro¬ 
portions appear to be oscillatory with negative polarity 
predominating. Positive surge voltages between con¬ 
ductor and tower usually are indicated at locations 
where a ground wire or conductor not coupled to the 
surge voltage recorder is contacted by direct strokes. 
These therefore are not indications of induced surges 
due to cloud fields. 

Gross and Cox report that 60 per cent of the conduc¬ 
tor surges measured by them were negative, 40 per cent 
positive. Of the ground-wire smge voltages investi¬ 
gated, 70 per cent wCTe positive, 21.6 per cent negative, 
8.5 per cent oscillatory. 

Spom and Lloyd found that lightning surges were 
positive ten times as often as negative, but that each 
of the stroke recorder charts indicated the cloud to be 
negative. These authors advance the belief that over¬ 
head ground wires prevent the majority of negative 
lightning bolts from reaching phase wires and that, 
therefore, positive surges measured on the lines are due 
to induction. 

Lewis and Foust state that measurements of doud 
field potentials have established beyond question that 
fields of both polarities are present, and that field po¬ 
larity at a point on the ground may change from 
positive to negative or from negative to positive dur¬ 
ing storm. Additional statements made by these 
authors, however, are to the effect that all lightning 
stroke recorder charts of direct strokes to tower indicate 
the tower to be negative. From this it is inferred that 
clouds are negative and the groimd positive. With the 
tower structure positive with respect to the cloud, 
breakdown proceeds from structure to negative doud, 
and the strokes terminate on the grounded structure 
imder this polarity condition. Should the tower struc¬ 
ture become negative with respect to douds, strokes 


Fig. 24. Attenua¬ 
tion curve and 
formula deter¬ 
mined empirically 
from surge-volt- 
age recorder data 
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PoLARinr 

Some difference of opinion exists regarding the 
polarity of lightning discharges as evidenced by ex¬ 
cerpts presented herewith. Bell and Price state that 
most lig b tt yng strekes are of negative polarity, as indi¬ 


would proceed from the doud, and tiie probab^ty of 
the tower being struck would not be great. While this 
conception appears to reverse the accepted picture of 
cloud-to-ground strokes, neverthdess it is said to be 
consistent by being in accord with laboratory and fidd 
experience. 
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Protection Against 
Lightning Surges 

Requiremenb for a "lightning proof" line^ 
where this seems justified economically, are 
outlined in this article. Insulation alone is 
not the final answer, only one of several 
important features of proper line design. 

A new arrester of the gap type is described 
also, wherein the breakdown medium is a 
column of air. 

Insulation failures arising 

from lightning discharges are shown by experience to 
be the cause of a majority of transmission line outages. 
It is highly desirable, therefore, that protective mea¬ 
sures be ^adopted and practical protective devices be 
installed to reduce the number and seriousness of such 
disturbances. That it is impractical to over-insolate 
a line sufficiently to withstand lig h tning voltages is 
substantiated by records which show that sometimes 
even on wood pole lines there are impresred surge 
potentials of sufficient magnitude to flash ov^ the 
wooden structures to grotmd. 

Overhead Ground Wires 

The effectiveness of conventional ov^head ground 
wires for lightning protection where steel tower con¬ 
struction is used has been well emphasized by the 
investigations covered in other articles of this group. 
For ground wires to be most effective, however, accord¬ 
ing to genaal copsensus of opinion tower footing 
resistances should not ^ceed 4 or 5 ohms. 

So-called diverting wires have been eq>erimented 
with on operating lines. These are special ground 
wires which may or may not be insulated from tower 
structures, and which generally are located at a greater 
distance above the line conductors than are the con¬ 
ventional ground wires. One form of diverter-wire 
construction is shown in Fig. 25; Peek suggests the 
possible effectiveness of other forms. According to 
Lewis and Foust, where such wires are supported on 
the line towers the only advantage appears to be that 
due to the increased height of these wires, whereas when 
; insulated from the tower structure and provided with 
ihdep^dent grounds of low resistance, they possess 
the distinct advantage of keeping, ligditning currents 
out .of towar structures. . Protection'offaed by con¬ 
ventional ground wires, however, is said to be such 


Fig. 25. One type of 
diverter f r lightning 
pr tection wh re high 
tower footing resistance 
cannot be avoided. Z 
represents the minimum 
height 


that only in cases of high tower footing resistances do 
diverting wires appear feasible. 

Tower Grounding and Counterpoises 

Where tower footing resistance is too high for effi¬ 
cient ground-wire protection the resistance can be 
lowered materially by installing buried wires or cables 
connected directly to the tower legs. These wires may 
be either extended out radially from the tower or 
directly from tower to tower along the line. Accord¬ 
ing to Peek radial wires of moderate length usually 
should be most effective; when installed in this way 
they are called counterpoises. 

Investigations have been made recently to det^mine 
the effectiveness of counterpoise in reducing the surge 
impedance of a tower and thus increasing the effective¬ 
ness of the overhead ground wires. On this subject, 
teste made by Brune and Eaton using artificial light¬ 
ning discharges, revealed valuable information which 
will be outlined briefly in the following paragraphs. 

Theoretically the counterpoise will tend to reduce 
tower footing voltages both by increasing the capaci¬ 
tance to ground (ground potential assumed to be at an 
appreciable depth below ground level) and by allowing 
leakage of charges from towers into the earth. On 
surge voltages, however, the time dement enters in 
causing the counterpoise to behave like a line with a 
very high ‘leakance,” Thus r^ections may occur 
from the remote ends of the coimtepoise cabite and 
may make themsdves felt at the tower footing Cnds. 

For test purposes a towCT location was selected where 
footing redstance measured at 50 cycl^ was rather high 
(400 ohms). Various arrangements of counterpoise 
were connected and surges discharged directly from the 
line into tiiis grounding S 3 ^m. A probe was driven 
into the groimd about 40 ft. away frx>m the tower and 
the voltage was measured between that probe and the 
point at which the line was grounded. In some tests 
the line was grounded through a known resistance, the 
voltage across the retistance being taken as a measure 
of ground current. 

Results of the first test are depicted in Fig. 26 where 
the curves show tower footing voltage for different 
lengtl^ of counterpoise, As may be noted, ^ctending 
the counterpoise in two directions produces practically 
double .the effect of extending it in one direction only, 
but there is no great advanta^ apparent in extending 
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it further than 1,000 ft. Since this distance in most 
cases would be more than a full span length the counter¬ 
poise in reality would involve at least two spans. How 
much shorter than 1,000 ft. the counterpoise may be 
made and still be effective will depend upon the length 
of surge to be expected and particularly upon the 
length of the wave front. Counterpoise can be made 
much more effective by extending in more than two 
directions, but right-of-way limitations in most cases 
would constitute a practical obstacle to this. 

Additional tests show that current and voltage 
relations in a counterpoise are not proportional. This 
fact emphatizes again the non-constant nature of surge 
impedance. It has been found also that for long 
wave-fronts the effectiveness of a counterpoise is 
greater than for short ones. For a surge of approxi¬ 
mately rectangular front such as might arise from a 
direct stroke to a tower, “leakance” of the counter¬ 
poise would have no effect initially; only its resistance 
functioning to limit the tower voltage. This is of 
consid^ble importance ance with direct strokes the 
counterpoise to be effective must lower the tower 
footing impedance to such a value that the tower 
potential cannot rise to the flashover point. 

Influence of Line Design 

The influence of line design constitutes another phase 
of the ligh tning situation which has been investigated 
to some extent. The importance of low surge impe¬ 
dance for the grounded supporting structure of a line 
has been duly emphasized and needs no further men¬ 
tion here. Certain other features, however, play an 
important part in determining how a certain Une will 
react toward lightning disturbances. 

First and foremost it is important that, if postible, 
line structures be kept clear of high elevations since 


lightning has a natural tendency to stiike the highest 
object within its rangh. Where lines must be run over 
high ground, trees adjacent to the right-of-way will 
provide some protection. It is desirable also that span 
lengths be kept as short as possible so that reflections 
(which have a tendency to reduce the tail of the wave) 
will return to the point struck in the shortest posable 
time and thus tend to shorten the wave. 

As previously brought out, where high tower footing 
resistance cannot be avoided, special overhead ground- 
wire construction or diverters may be employed. 
Where the economics of the atuation will permit, these 
may be placed in such a way that they will shield the 
line from direct lightning strokes. 

Peek has devoted a great deal of attention to proper 
line design as r^ards lightning protection. From the 
results of his studies he concludes that a "lightning- 
proof” line for almost any volti^ seems feasible. 
The general requiranents for such a line are (1) low 
elevation, (2) short spans, (3) low towm" footing 
resistance, (4) ground wires, special ground-wire 
constructions or lightning diverters where tower 
footing resistances are high, and (5) highly insulated 
conductors (using from 14 to 16 di^ insulator units as 
is customary on the present 220-kv. lines). 

Lightning Arresters and Gaps 

The desirability of lightning arresters for protecting 
terminal equipment in substations is recognized 
generally. Lightning arresters also are finding some 
application on transmission lines, especially where 
provision for ground wires is not eaEoly made. Arrest¬ 
ers possess the distinct advantage of being eatily 
placed at just the points where the protection is desired. 
Their most distinct disadvantage lies in the fact that 



Lengths of oorni* 
torpolse 

1. 1,627 ft. west 

and 921 ft. 
east 

2. 1,527 ft. west 

onJy 

3. 1,056 ft. west 

4. 629 ft. west 

6. 226 ft. west 

6. Tower footing 

only 

7. Line not 

grounded 


Fi^. S6» Surse volto$es at point of grounding for 
vari us lengths (counterpoise 



Fig. 27. Section of air-brealedown expulsion-type 
lightning arrester 

(a) Fiber tube (b) Arc chamber (c) Metal electrode 



Fig. 28. Section of deionizing chamber for ends 
of expulsion arrester 

((Dlnnerflbertobe, (5) outer fiber tube, (c) gas vent, (d) elec¬ 
trode. (s) steel sheO, if) flame spreader, (g) perforated baffles 
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their protective effect does not extend more than 500 
ft. from the points of application. This feature may 
prevent arresters coming into general use on trans¬ 
mission lines. 

In general, lightning arresters may be grouped into 
two classes: (1) those which have valve action, acting 
as good conductors when the voltage rises to a definite 
predetermined value and as insulators when the voltage 
drops below some lower value; and (2) those which 
become good conductors when the voltage reaches a 
definite value and continue to pass current untU the 
zero point of the current cycle is reached. Familiar 
examples of the first class are the so-called Thyrite and 
oxide-film arresters. Familiar examples of the second 
type are gap devices, both fused and non-fused, of 
which there are several designs. 

Dewes of the latter t)Tpe, consisting of fused horn- 
gaps, were in use on the 110-kv. wood pole line on 
which Pittman and Torpk conducted their tests. 
These devices were expected to discharge cinrent inci¬ 
dent to lightning surges, and to interrupt subsequent 
60-cycle power currents sufficiently promptly to pre¬ 
vent oil circuit breaker operation. In thir^n distinct 
operations, each resulting in blown fuses, a total of six 
fiashovers occurred, none of which caused a switch 
operation. In one case, however, a three-phase short 
circuit resulted from a 5,000-kv. surge which arose from 
a direct stroke to the line. Details of this event appear 
elsewhere in this symposiiun (see Rg. 21). ‘All three 
fuMs in the nearest hom-gap device (about one-half 
mile away) were found blown, but this did not prevent 
a switch operation. These results support the previous 
statement that the protective effect of such a drain 
point does not extend very far beyond the point of 
application, even where lines are as highly insulated as 
this one. Moreover a angle fuse seemed inadequate 
because many flashes of lightning are made up of 
several succ^ive discharges following each other at 
very short time intervals, and because after a angle 
fuse has blown no protection is afforded against 
additional strokes. 

A multiple-fuse device accordingly was inafaiia^j at 
six locations providing three fuses so arranged that 
they would blow successively upon the occurrence of 
lightning surges of sufficient magnitude to cause the 
pp to flash over. Results wae fairly satisfactory 
but the necessary continuous pati-oling and replace¬ 
ment made the arrangement unattractive economically. 


short time they have proved quite satisfactory; eight 
successful operations have been recorded. 

Torok describes in detail some of the difficulties 
encountered in the development of this device. Some 
difficulty was encoimtered in devising assemblies in 
which breakdown within the tube could be assured. A 
most promising arrangement was found to be that in 
which the ratio of internal to external spacing was not 
greater than 0.85 (see Fig. 27). Some difficulty wius 
experienced also in obtaining proper wall thickness of 
the tube, since repeated fiashovers sometimes caused 
tube breakdown either by splitting or by puncturing. 

In regard to its interrupting characteristics, Torok 
explains that with an arc established in a cylindrical 
hole a much higher voltage may be interrupted than 
if the arc is drawn in the open. If the hole is too small, 
however, only relatively small currents can be dis¬ 
charged through it. Slepian has shown that the 
effectiveness of a confining chamber can be increased 
many times by the use of a material which will produce 
a gas. With such material the heat of the arc volatil¬ 
izes the surface of the walls at a rapid rate forcing into 
the arc stream an appreciable quantity of un-ionized ga.s. 
This gas greatly raises the arc voltage and the voltage 
which can be interrupted. In experimental installa¬ 
tions ^e pressure developed within the tubes by the 
evolution of gas introduced mechanical difflcultie.s 
which had to be overcome. 

Deionizing Principles Applied 


An INSULA.TOR Protector 

An expulsion tyi)e of arrester then was developed 
coiu^g essentially of a fiber tube 88 in. long vSh 

to reduce the effective 
ST* breakdown within the 

additional 

® h^dware grounding lead. Althou^ 
these devices have been m use only a comparativ^ 
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In addition to the mechanical difficulties involved, 
these tubes often flashed over on the outside because 
of the convection of ionized gases arising from spark- 
overs. Deionizing chambers attached to the ends 
of the tubes have been successful in controlling this 
condition. The deion principles already have been 
widdy described; the mechanics of this particular 
application are indicated in Rg. 28. 

In designmg this tube-type arrester for use on any 
particular voltage it is essential that the impulse 
breakdown of the tube be lower than the flashover 
volt^ of the line insulation. Since the breakdown 
voltage of the tube is governed almost entirely by its 
len^h, the ma xim u m internal separation of the elec- 
is definitely fixed. The design problem then 
devolve mto one of providing the tube strength 
required to mt^rupt arcs normally maintained by the 
system voltage. For low-voltage protection the design 
bwornes more simple since tube lengths are short and 

"“ko" 


Although still in the experimental stage, develop¬ 
ment work on this insulator protector is being pushed 

wSh^ ^ ^'P^cted that a practical*device 

which IS g^ple m construction, easy to install, and 

capable of repeated operation without attention 
eventually will result. ^ attention 
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Lightning versus 
System Operation 

Operating experiences form the final prov¬ 
ing gr und of the many theories developed; 
the efficiency of any scheme of protection 
may be ascertained accordingly. Although 
one verhead ground wire already is known 
t be highly beneficial, two are shown to be 
unquestionably better. Opinions conflict 
as to the effect of tower footing resistance. 

A CCORDING to Spom’s previously 
mentioned division of the lightning problem as it 
affects the operation of electric systems, the third part 
consists of practical operating records covering actual 
operating experiences where devices and designs for 
the initiation of lightning damage are in use. This 
field experience properly analyzed and interpreted 
gives the final answer as to the tenability of the many 
theories developed in connection with lightning and 
as to the practicability of methods or structures 
devised to eliminate harmful lightning effects. 

Of necessity some of the previous sections of this 
symposiac have included material which can be classed 
as operating results. It would be difficult for instance 
to separate out such results obtained in field investiga¬ 
tions of natural lightning where these have been carried 
on with the lines in operation. Spom, however, has 
presented the results of a study made entirely upon the 
baris of operating records and data and has airived at 
certain conclusions based upon the analysis and corrda- 
tion of those data. This study is a continuation of 
Qimilar studies made on the transmission s]^tem of the 
American Gas and Electric Company; the data, which 
were collected in 1929, have been analyzed in the light 
of previous experiences. 

The transmission s 3 rstems studied have been de¬ 
scribed in detail in previously published articles. With 
the exception of a few recent additions the system now 
comprises 1,198 mi. of 132-kv. lines involving a total of 
1,826 dreuit miles.. It extends from the southern tip 
of Michigan, southeasteriy across the countiy 
into northern North Carolina, covering parts of ten 
states. With one minor exception all lines within the 
range of observation are of double-circuit steel tower 
construction with conductors in vertical configuration; 
all utilize A. C. S. R. conductors, (with a sin^e ground 
wire of the same material) supported by ten disk units 
in suspensiQn and. twelve*on dead ends. Practically all 


lines are equipped with some sort of arcing protection 
for insulator strings. 

During 1929, 662 observed storms were reported by 
stations scattered throughout the system. Of these 
some 565 occurred during the pmod from April to 
August inclusive. Recorded lightning outages for the 
entire S 3 rstem amounted to 133 in 1928 and 248 in 1929. 
The increase, while due partly to an increase in miles 
of transmission lines, is attributed largely to the more 
severe lightning storms which occurred in the region 
duinng 1929. A thorough analysis of the operating 
records and expwiences made and interpreted in the 
light of previous lightning experience on the same 
system can be summarized as follows: 

Summary of Spoen’s Results 

1. Two-circuit lines are better than single-circuit 
lines. 

When installed in vertical configuration on the same towers, the use of 
two-dreuit lines enhances system reUabiUty to proportions greater than 
does the mere doubling of the circuits. Experience indicates definitely 
that only ftom 16 to 29.5 per cent of the trIp-outs Involve both circuits, and 
it is likely that this percentage can be reduced by higher speed switching. 

2. One groimd wire is good; two are better. 

The only line eQuipped with two ground wires had 3.6 outages per 100 mi. 
of line per year; the only line not equipped with a ground wire had an 
outage record of 75. A line operating in 1929 with one ground wire had 
37.4 outages per 100 mi. of line per year; operating In 1028 with no ground 
wire this line had the 1929 eauivalent of 59.3 outages per 100 mi. of line. 
This clearly diows the benefits of one ground wire, and definitely indicates 
that two grotmd wires are more beneficial than one. 

3. Grading shields protect insulators only. 

Grading shields have little effect on the lightning outages of these 182-kv. 
lines; but they definitely limit the damage to insulators and conductors, and 
reduce the amount of cascading required. Over the entire system (most 
of the system beiug equipped with grading shields) 23 per cent of the total 
number of tower llashovers occurred on cascaded strings. The lines on 
which grading shields were installed recorded only 21 per cent; lines with 
no shields, 70 per oent. This is a striking indication of the benefit rendered 
by grading shields. 

4. Misleading conclusions may be drawn. 

No Interpretation of performance of lines under lightning conditions is 
possible or of real value without an accompanying record of lightning-storm 
condltioxis during the particular time discussed. Otherwise, conclusions 
gravely misleading may be readied. 

6. Only one conductor usually involved. 

Records of physical inspection and relay-target indications diow that in 
ftom 4.7 to 5.8 per cent of trip-out cases due to lightning, all three phases 
are Involved; in from 44.2 to 46.2 per cent, the top and middle conductors 
only are Involved; In from 42.8 to 44.8 per oent the bottom and middle 
conductors are involved; and in ftom 73.2 to 64.2 per cent one phase only 
is involved. This analysis strongly indicates that both direct and induced 
strokes are of vital importance in the performance of this 132-kv. network. 

6. of tower footing reastance problematic. 

Detailed data on the tower footing resistances on four i32-kv. lines sl^w 
no tendency for liiOitnlng llashovers to concentrate on towers of high 
footing resistance in preference to those having low footing resistance. In 
fact, from these data, whether lightning strikes a tower with low or with 
high footing resistance seems to be a matter of chance. Flashed-over 
towers were observed to have footing resistances ranging from 1.5 to more 
than 250 ohms; and 66 per cent of all recorded flashovers occurred at 
towers having footing resistances of 20 ohms or less whUe less than 8 per 
cent occurred where this resistance was 80 ohms or more. 

In general there is dose agreement betw^n these 
concluaons and those arrived at on the basis of the 
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special field investigations. By way of comparison, 
however, it seems pertinent to mention the following 
points: 

It is generally J^ireed that efficient ground-wire 
protection will reduce greatly the number of line outages 
due to lightning. Bell and Price have found in addi¬ 
tion that a counterpoise greatly improves the efficiency 
of ground-wire protection and thus provides an addi¬ 
tional factor of safety, especially where tower footing 
resistances are high. Fortescue and Conwell state 
that ground-wire protection near stations should be 
especially good in order that station equipment (which 
usually is not as highly insulated as the lines) be pro¬ 
vided with the greatest possible amount of protection. 

In regard to induced surges versus those caused by 
direct hits. Bell and Price believe that only in rare cases 
are induced voltages of sufficient magnitude to cause 
flashovers on 220-kv. lines. Pittman and Torok in 


speaking of wood pole lines also state that voltages 
dangerous to line insulation and eqidpinent in most 
cases are set up only by direct hits. 

There seems to be some disparity in regard to the 
effectiveness of low tower footing resistance. Fortes¬ 
cue and Conwell report no ffashovers on lines equipped 
with ground wires where footing resistances were leas 
than 6 ohms. Lewis and Foust support this view by 
calling attention to a 14-mi. 66-kv. double-circuit steel 
tower line of the Philadelphia Electric Company which 
has not suffered a lightning interruption for 14 years. 
This particular line has tower footing resistances of 
about 4 ohms each and is equipped with two overhead 
groxmd wires. Gross and Cox state definitely that an 
attempt to relate line flashovers to tower footing 
resistances proved futile while Bell and Price say that 
the effect of footing resistances higher than 17 ohms 
seems to be negligible. 


Single Patent Appeal 
Court is Proposed 


EDWIN J. PRINDLE Patent Attorney 

Member A, I, E. E. New York, N. Y. 


^JeCAUSE of the peculiar nature of the 
patent monopoly, the present systan of appeals in 
patent infringement suits in the United States is the 
most inefficient, mcpensive and wasteful to be found 
anywhere. It is a deterent to the production of inven¬ 
tions, and to the investment of capital in patents. 
Correction of this condition is by far the greatest need 
of our patent system. 

Present System—Nature and Depeck 

• century of our patent system, there was 

ofpatent appeals, the Supreme Court 
of Um^ States. This court became so ov^ 
with work that, in 1891, the appeal to the 
was taken away; and the country was 
dmded into nme cirenita (now ten), each of wlS wm 




On the basis of long practical experience 
the author condemns the present procedure 
In patent litigation and outlines the Founda¬ 
tion for a proposed single United States 
Court of Patent Appeals which would be 
second only to the U. S. Supreme Court and 
would abolish the duplicate and conflicting 
efforts of the ten district courts in patent 
matters. Full text of a proposed House of 
Representatives bill is given. 


provided with a circuit court of appeals, having final 

and supreme jurisdiction of all patent appeals in its 
circiut. 

^ese courts are independwit of each other. While 
docbine of comity and unless they see 
substantial reasons for not doing so, they follow a pre- 

eircmt on the s^e patent, they are at Kberty to decide 
oppositely and frequently do so. 

^0 appeal to the supreme court 
except tiiat of petitioning that court to grant a writ 
certioran ordering the case to be sent up to^. 

enormous volume of 
work that it does not take up a patent case unless 
^ 1, .liMrtoD d pubUc taportaace, of in “ 

decided tee same question concerning tee same patent 

m opposite ways. The decision of a single ci^UoS 

of appeals is final in most bitches of the law (practi- 
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cally the only other exceptions being copyright and 
trade>inark matters). This is not so as to patents. 

The monopoly which a patent grants is a negative 
one. The patentee is not granted the right, himself, 
to make, use or sell the patented invention—a positive 
monopoly. He already has that right because of his 
inventorship, unless in doing so he would have to 
use that which has already been patented to another. 
The patent merely grants him the negative right to 
exclude all others throughout the United States, from 
making, using and selling the patented invention. 
To be of any value to him, his monopoly must be 
maintiuned inviolate. If there is one infringer any¬ 
where in the United States who has been rendered 
immune from the patent by a final decision, it will 
greatly impair and may largely destroy the value of 
the patent. One hole that cannot be stopped may 
sink a ^p. 

Under these circumstances, to make it necessary that 
the patent shall have been adjudicated oppositely in 
two separate circuit courts of appeal before the mere 
right shall exist to petition the one court which can 
render a final decirion, the supreme court, to take it 
up is a shocking economic waste. A patent may be 
valid in one circuit and invalid in another. It may 
have been given a broad, inclusive, interpretation in 
one circuit, aivi a narrow one in another. It may be 
infringed by a given construction in one circuit, and 
not infringed by the same construction in another. 
A defendant in whose favor a patent in one circuit has 
been held invalid, or not infringed, is free to make, 
use, and sell in every other circuit; the patentee cannot 
even enjoin his agents or customas. Thus, in a angle 
circuit, a patent may be invalid as to one person or 
corporation and valid as to everyone else, or vice versa. 
Even if a patent has been sustained in two circuits, 
tiiere still are right drcuits, any one of which, could 
decide to the contrary. 

If the first of two decisions by a different circuit court 
of appeals is against a patent, and the supreme court 
decides in favor of the patent, it almost invariably is 
too late for the decision of the supreme court to affect 
the first case; and the defendant in that case is free 
to infringe the patent throughout the remainder of 
its life and throughout the whole country. Further¬ 
more, the statute provides that where the patent 
covers more than the patentee invented he must, with 
reasonable promptness, file a disclaimer in the U. S. 
Patent Office disclaiming that which is not his inven¬ 
tion. Where in the first suit under the patent a court 
of appeals holds a claim to be invalid, it must promptly 
be disclaimed under penalty of the patentee losing the 
right to bring other suits undo- the patent. The law 
provides that the disclaimer becomes a part of the 
patent, and is effective throughout the United States 
in all cinmits. Thus patents may be nullified 
irretrievably because of a plurality of courts of appeals. 
With a angle Court of patent Appeals, the validity of 
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the claims could be finally determined before any 
disclaimer was filed. Moreover, by the time the 
patentee has obtained a favorable deririon in a second 
circuit in any of these cases, much of the short life 
of the patent (seventeen years) usually has expired 
with no substantial reward to the invoitor. Expenses 
of these repeated litigations make them impossible to 
the individual, and constitute a burden from which 
even large corporations shrink. 

With ten courts of appeals thae are unavoidable 
differences of opinion on various points of law and 
differences of tradition as to the liberality or strictness 
of construction to be applied to a x>atent und^ the same 
circumstances. Under a single court of patent apjreals 
the administration of the patent law would attain 
completeness and certainty and uniformity of appli¬ 
cation now lacking in these and other respects. Patents 
also involve many difficult questions of science and 
engineering, upon which judges may and oft«r^ do 
differ. Thus it is impossible for the decisions of various 
circuit courts of appeals on the same patent always to 
be uniform. 

Quite as many adjudicated patents are held to be 
invalid as are sustained. Both the public and the 
patentee, therefore, need to know early in the life 
of the patent whether or not the patent is valid, and 
what is its scope. If the patent is invalid the public 
should know it through a ringle final derision, and not 
be kept in uncertainty for years during which it would 
have been free to use the alleged invention described, 
in the patent. However, if a pat^t is valid, the 
patentee early in the life of. his patent should have a 
ringle deririon which applies tiirou^out the United 
States and which would hold against all subsequ^t 
defendants, unless they set up defenses substantially 
diff^ient ^m those considered in the first suit, or 
unless they use a structure outride the monopoly of 
the patent as determined in the first suit. 

The patait should be adjudged as to validity, scope 
and inftingement, on the same principles and policy 
tiiroughout the United States, both for the sake of the 
public and the patentee. The head of the patent 
department of one of the largest corporations in this 
country said to the writer recently, “Whether a patent 
is valid or invalid, we want, early in its life, to know 
definitely so that we may shape our course accordingly 
and with confidence that the rituation will not be 
changed during the life of the patent, except for sub¬ 
stantial reasons.” 

The only solution of tiie difficulty is a “ringle court 
of patent appeals.” 

History of Lexusiative Efforts 

In 1903 the American Bar Association approved the 
principle of a report of its patent commil^ recom¬ 
mending the establishment of a ringle court of patent 
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appeals, and directed that committee to lay a bill for 
that purpose before Congress. The particular bill 
then proposed was not approved, but the principle of 
a single court of patent appeals was approved, leaving 
the form of the bill open. Mr. Frederick P. Fish was 
chairman of the patent section, and vigorously advo¬ 
cated the bill, which provided for a chief justice, 
appointed for life, and six judges chosen from the 
circuit and district courts to sit for terms of ax years 
each. 

Both the 1903 attempt and a subsequent attempt 
made in 1919 failed, howevCT. The House Committ^ 
refused to approve the bill because it became apparent 
that judges would not break up their homes and 
intoTupt their friendships and their children’s schooling 
and go to Washington merely for a term of ax or 
possibly twelve years. It became clear that appoint¬ 
ments would have to be permanent to induce judges 
to become members of the proposed court. 

Meanwhile, the need for a angle court of patent 
appeals has been growing constantly. Such a court 
is now a practical necessity. It would substantially 
stimulate inventing and would protect both the 
patentee and the public from enormous uimecessary 
expense. 

The American Engineering CouncU recently has 
approved renewing the legislative effort with a bill 
curing the forme- objections. The National Associa¬ 
tion of Manufactory again has passed a resolution 
approving of the principle of a angle court of patent 
appeals, and the undertaking of another (-Ampaign at 
this time to eiact a bill for the pmpose. Also, various 
committees of patent law associations are consideing 
the advisability of a renewed effort to secure a wnglo 
court of patent appeals. 

Provisions op Proposed Bill 


The writer has prepared a biU which provides for a 



five of the seven judges to constitute a quorum. Not 
only the chief justice, but the associate judges are to 
M appointed, as the Constitution says, “during good 
beW.” The proposed court is to have final 
Ji^ictim of all appeals in patent cases ftom the 
Distnct Courts of the United States and from the 
Supime Court of the District of Columbia, both in 
mt^ocuto^ and final orders and decrees, jurisdiction 
of file Umted States Circuit Courts of Appeals in 
pa^t ap^ls being abolished. The loZ'TZ 
^.^e Court of the United States to order ea^ 
^rMed to it, is extended to include the prop^ 

appeals, and the right is given 
tor Sapmne Com 

Salaries of the chief justice and the associate judges 
504 


of the single court of patent appeals as proposed are 
$13,600 for the chief justice, and $13,000 for the 
associate judges. These are higher than those of the 
circuit courts of appeals, thereby ranking the single 
court of patent appeals next to the Supreme Court of 
the Unit^ Stat^. This undoubtedly would assure 
that a suffident numb^ of the best qualified judges in 
patent cases will be available for appointment to the 
proposed court. 

That the judges shall be spedally qualified for the 
adjudication of patent cases in the single court of 
patent appeals, the bill provides that “experience in 
the adjudication of a substantial number of patent 
cases on the federal bench, or in the practise of patent 
law in the fed^al courts, shall be requisite to appoint¬ 
ment as chief justice or a judge of said court, to the 
end that only judges who have shown special aptitude 
for the adjudication or the practise of the patent law 
shall be appointed to said court.” Further experience 
and observation show that, by the adjudication of 
many patent cases, they would acquire a facility for 
comprehending the sdence and engineering of patent 
cases which would enable tiiem, to a much greater 
extent, to make a selection on their own judgment 
between the conflicting opinions of experts. 

The proposed bill changes the name of the court of 
customs and patent appeals to the “court of customs 
and patent office appeals,” and it does not provide for 
appeals therefrom to the single court of patent appeals. 
However, an applicant for a patent (in every case 
except where the commissioner of patents is a necesstry 
P^, instead of appealing from the commissioner 
of patents to the court of customs and patent appeals) 
wuld reach the proposed single court of patent appeals 
by appeal on a bill in equity filed in the Supreme Court 
of the District of Columbia or, where the opposing 
P^ m the interference is not a resident of the District 
of Columbia, by an appeal on a bill filed in the dis- 
tiict court of the district of which his opponent is a 
resident. 

^blishment of a United States Court of 
Patent Appeals not only would be a great benefit to 
patentees and to the public, but will increase the efFec- 
tivene^ of patente, and prolong the productive portion 
of to tenns. It would also substantially stimulate 
mventiven^ md the building of businesses under 
patents. Establishment of the U. S. Court of Customs 

(now the U. S. Court of Customs and Patent 
[Offi^] Appe^) affords a precedent for the establish- 
m^t of a ygle U. S. Court of Patent Appeals. 

wtebhshmyt of a single court of patent anneals at 

<x the pMeU swt«n to the 

Attention is invited to the followimr draft nt tke, 
prppyd bffl for a single court of St toe 

pnncipal provisions of which have just been outoned!^ 
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Complete Text of Proposed H. R, Bill 


IN THE HOUSE OF REPRESENTATIVES 
A RILL 

To Establish a Slnille United States Court o£ Patent Appeals* To 
Change th Name of the United States Court oC Customs 
and Pat nt Appeals* and tor Other Purposes 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled* that there is hereby created an 
United Stattf Court of Patent Appeals, which shall consist of seven 
justices* of whom five shall constitute a quorum* and shall be a court of 
record with jurisdiction as is hereinafter limited and established. Smdi 
court sball prescribe the form and style of Its seal and the forms of its writs 
and ther process and procedure as may be conformable to the exerdse of 
its jurisdiction as shall be conferred by law. It shall have the appointment 
of the m a r slu*-* of the court, who s ha ll have the same powers and perform 
the same duties under the regulations of the court as are now provided 
for the marshal of th Supreme Court of the United States, so far as tiie 
sam may be applicable. The Court shall also appoint a derk* who shall 
have the same powers and perform the same duties now possessed and per¬ 
formed by the dork of the Supreme Court of the United States* so far as the 
same may be applicable. The salary of the marshal of the court shall be 
$3*500. a year, and the salary of the derk shall be $5,000. a year, both to be 
paid monthly in twelve equal payments. The costs and fees now provided 
by law in the Supreme Court of the United States shall be the costs and fees 
in the United States Court of Patont Appeals; and the same shall be col¬ 
lected* escpended, accounted for, and paid over to the Ti'easury Department 
of th United States in the same manner as is provided by law in respect 
to the costs and fees In the Supreme Court of the United States. The Court 
have power to establish all needful rules and regulations for the con¬ 
duct f its business within its jurisdiction as conferred by law. 

Sec. 2. That the President of the United States* by and with the advice 
and consent of the Senate, shall appoint a chief justice, and six assoc i ate 
justices of said United States Court of Patent Appeals, and as vacancies 
occur shall in like manner appoint others to fill such vacancies from time to 
time. The acceptance of one of said offices by a circuit or district judge of 
the United States vacate his office as circuit or district judge. Ex¬ 
perience in the adjudication of a substantial niunber of patent cases on the 
Federal bench or in the practice of the patent law in the Federal coiirts riiall 
be requisite to appointment as chief justice or an associate justice of said 
court, to the mid that only judges who have riiown special aptitude for the 
adjudication or the practice of the patent law shall be appointed to said 
c urt. Appointment to said court shall be during good behavior. 

Sec. 3. That a term of the United States Court of Patent Appeals shall 
be held annually at the City of Washington* beginning on the second 
Tuesday of October in each year, and the same may be adjourned from time 
t time as the court shall order. If at any time for the meeting of the court 
a quorum of the Justices shall not be present* the Justices present may ad¬ 
journ the court and, if necessary, adjourn again from time to time until 
a quorum appear. If at any sitting of the Court, the Chief Justice shall be 
absent, the associate justice senior in commission as a circuit judge, or 
senior in age in case of commissions of even date, shall preside* If no asso¬ 
ciate justice who has been a circuit judge shall be present, the associate 
justice senior in commission as a district judge shall preside. In case of 
oommisslons of even date, the justice who is senior in age shall preside. 
Upon a request of the Chief Justice, or a presiding associate justice of The 
Court of Patent Appeals, the Chief Justice of the United States shall desig¬ 
nate a judge, or Judges, of any federal court to fill a temporary vacancy in 
the said Court of Patent App^s. Until it shall otherwise be provided by 
Congress* the sessions of tho court shall be held in a building or rooms to be 
provided by the marshal of the District of Columbia, imder the direction 
and approval of the Attorney General of the United States. The court riiall 
by order authorize Its marshal to employ such deputies and assistants for 
himself and the clerk of the court and such criers, bailifTs, and messengers 
as the business of the Court shall require* and to pay the salaries of such 
employees at rates of compensation not exceeding those paid for similar 
services In the Supreme Court of the United States, and to pay all other 
necessary incidental expenses of the court. The Chief Justice and each of 
the Associate Justices shall be entitled to employ a clerk, whose salary, at 
a rate not exceeding that allowed the clerks of the Chief Justice and asso- 
ciat justices of the Supreme Court, shall be paid as part of the expenses of 
the Court. The Court shiOl have power, in its discretion, to appoint a 
reporter and to fix by order his salary or other compensation and direct 
the form and manner of the official publication of its demons. 

Sec. 4. That the Chief Justice of the United States Court of Patent 
Appeals diall receive a salary of $13,500. per year. The Associate Justioes 
of the said court shall each receive a salary of $13,000. per annum. AH the 
said salaries shall be payable in twelve equal monthly Installments. The 
time during which any Justice shall serve in said court shall be deemed con¬ 
tinuous service with that in any other court of the United States, before or 
after sudi service within the meaning and intent of Section Three Hundred 
and Seventy-fhre of titl^Twenty-elght of the United States Code. 


Sec. 5. That the United States Court of Patent Appeals shaU have juris¬ 
diction to hear and determine appeals from final judgments and decrees in 
the district courts of the United States and in the Supreme Court of the 
District of Columbia in cas es arising under the laws of the United States 
resting to patents for inventions, andfrom final Judgments and decrees in 
oases arising under the laws of the United States relating to patents for in¬ 
ventions rwdered by any other court having Jurisdictloa under the laws of 
the United States to hear and decide such cases in the first instance: Pro¬ 
vided, however, that it shall have no jurisdiction of cases originating in the 
Court of Claims nor of cases in which the Commissioner of Patents is a 
necessary party. All such appeals riiall be taken within three months after 
tile entiy of the order* judgment* or decree sou^t to be reviewed. The 
practice, procedure* and forms to be observed In the taking, hearing and 
determination of sudi appeals tiiall conform to the practice, procedure, 
and formsobserved in like cases in the Supreme Court of the United States* 
subject to such rules and regulations as shall be prescribed by the Court. 
The said Court s ha ll have power to prescribe the forms of records on 
appeals thereto. 

Sec. 6. That whenever*'by an interlocutory order or decree in a district 
court of the United States, in the Supreme Court of the District of Columbia 
or other Court having jurisdiction under the laws of the United States to 
hear decide in th e first instance cases arisii^ under the patent laws* in 
a in whidi an appeal may be taken ftom the final decree of such court 
to the United States Court of Patent Appeals* an injunction or restraining 
order be granted, or refused* or continued, or vacated, or modified, 
or retained without modifloation after motion to modl^ the same, an 
appeal may be taken from such order or decree by the party aggrieved to 
the United Stat» Court of Patent Appeals: Provided, That th appeal 
must be taken within thirty days from the service of notice of entry of such 
order or decree; and it tiiall take precedence in the appellate Court; and 
the proceedings in other respects in the court below shall not be stayed 
imipBB otherwise ordered by that court, or the United States Court of 
Patent Appeids, or a Judge thereof, during the pendency of such 
appeal. 

See. 7. That the chief Justice and the associate Justices of the United 
States Court of Patent Appeals tiiall each exercise the same powers in term 
and vacation in the allowance of appeals, supersedeas orders, and other 
matters inddentid to the jurisdiction and business of the Court as are now 
exercised by the Chief Justice and associate Justices of the Supreme Court 
of the United States in relation to the bosinesB and Jurisdiction of that 
Court. 

Sec. 8. That the decisions of the United States Court of Patent Appeals 
in aU cases within its appdlate Jurisdiction shall be final, except that it 
shall be competent, as hereinafter provided for the Supreme Court of the 
United States to require, by certiorari or otherwise, any such case to be 
certified to it for its review and determination with tho same power and 
authority in the case as though it had been carried by appeal from the trial 
court directly to the Supreme Comrt. 

See. 8. That whenever any case shall have been certified from the 
United States Court of Patent Appeals to the Supreme Court of th United 
States, by certiorari or otherwise, it shall, upon its determination by the 
Supreme Court, be remanded to the district court of the United States or 
other court in which it originated for further proceedings to be taken in 
pursuance of such detonuJnation. And in every case determined by the 
United States Court of Patent Appeals upon appeal, the case shall be 
remanded to the District Court of the United States or other Court from 
whence it came, for further proceedings to be taken In pursuance of such 
determination. 

Sec. 10. That all appeals in cases in which appellate Jurisdiction is by 
this Act conferred upon the United States Court of Patent Appeals which 
shall have been pendii^ without hearing in the United States Circuit 
Courts of Appeals or other court of appellate Jurisdiction for less than three 
calendar months prior to the taking effect of this Act shall be transferred 
from such circuit courts of appeals or other courts to the United States 
Court of Patent Appeals and be heard and determined in that court as 
though they had been taken there from the trial courts by appeal without 
further payment for certifying the record or any new or additional docket 
or calendar fee: all other appeals and writs of error In cases in which appel¬ 
late Jurisdiction is by this Act-conferred upon the United States Court of 
Patent Appeals which shall be pending In the United States circuit courts 
of appeals or otiier oomrts of appellate Jurisdiction at the time of the taktng 

effect of this Act shall remain and be heard and determined by th courtsin 

which they may bo pending* respectively, as though this Act had npt been 
passed. 

Seo. 11. That after the taking effect of this Act no appeal shall be 
taken from any district court or from the Supreme Court of the District of 
Columbia or other Court of the United States to any United States circuit 
court of appeals or other appellate court in any case in which an appeal may 
be to The United S^tes Court of Patent Appeals under the pro¬ 
visions of this Act. If, in any case, it is found that no substantial question 
under the patent laws is raised by the appeal* the court may order that such 
appeal be sent to the circuit court of appeals having jurisdiction over th 
district in which the suit was brought, or the Court of Appeals of the District 
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of Columbia* as the case may be; If any appeal sbaU be taken to any circuit 
court of appeals, or to the Court of Appeals of the District of Columbia* 
and such court s h a ll find that such appeal Involves a Question arising under 
the patent laws of the United States* except In a case where the Oominls- 
Stoner of Patents Is a necessary party, such court shaU order such appeal 
to be sent to the Court of Patent Appeals, and no appeal shall be dismissed 
solely on the ground that the appeal has been taken to the wrong court. 

Sec. 12. Section 801a of Title 28 of the United States Code is hereby 
amended to read as follows: 

The title of the United States Court of Customs and Patent 
Appeals, created by Section 801 of this title, Is hereby changed to 
The United States Court of Customs and Patent Office Appeals. 

Sec. 13* Section 846 of Title 28 of the United States Code is hereby 
amended to read as follows: 

In any case, civil, or c r im inal * in The United States Court of 
Patent Appeals* In a Circuit Court of Appeals, or in the Court of 
Appeals of the Dtotrlct of Columbia, the Court may at any 
certify to the Supreme Court of the United States any questions 
or propositions of law concerning which instructions are desired 
for the proper decision of the cause; and thereupon the Supreme 
Court may either give binding Instjructtons on the Questdons and 
propositions certified or may require that the entire record in the 
cause be sent up for its consideiratton and thereupon « ba 11 decide 
the whole matter in controversy In the same manner as If It had 
been broni^t tiiere by writ of error or appeal. 


Sec. 14. Paragraph (a) of Section 347. Title 28 of the United States 

Code is hereby amended to read as follows: 

(a) In any case, dvll or criminal* In a circuit court of appeals, 
or in the United States Court of Patent Appeals, or In the Court of 
Appeals of the District of Columbia* it shall be competent for the 
Supreme Court of the United States, upon the petition of any 
party thereto, whether Qovemment or other litigant, to require by 
certiorari, either before or after a judgment or decree by such 
lower court, that the cause be certified to the Supreme Court for 
determination by it with the same power and authority, and with 
like ^ect, as if the cause had been brought there by unrestricted 
writ of error or apped. 

Sec. 18. That Sec. 877. Title 28 of the United States Code, be amended 
to read as follows: 

**Powor to Issue writs. The Supreme Court* and the District 
Courts shall have power to Issue write of scUe/aciM. The Supreme 
Court, the Court of Patent Appeals, the Circuit Courts of Appeals, 
and the District Courts shall have power to Issue all write not 
specifically provided for by statute, which may be necessary for 
the exercise of their respective jurisdictions and agreeable to 
the usages and principles of law.** 

^c. 16. That all laws and parte of laws inconsistent with the pro 
visions of this Act are hereby repealed. 

Sec. 17. That this Act shall take effect and be in force on the 
day of nineteen hundred and 
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Twin-motor drive has met effectually the 
repeated demands for more power at the 
rolls. Other advantages, however, which 
now far overshadow the improvement origi¬ 
nally sought are the direct outcome of the 
reduced inertia and greater operating flexi¬ 
bility inherent in this type of drive. 


XwiN-MOTOR DRIVE for heavy 
blooming and dabbing mills has grown out of an in- 
creasing demand for power at the rolls ^eater than 
be provided conveniently by conventional design 
mrth<^ At the same time, this new development is 
a lopiMl d»p in the modem trend toward greater 
toecHanical simplicity in roUing-mill machinery. Al- 
r^y two rnadmiM, one a 64-in. blooming mill, the 
other a 44-m. dabbing mill, each with tna-iw mils driven 
by indepmdmt motors^ are in successful operation. 


JWw "Twto-M'^ Ditve " iH«Miited M t&e oonyeattot or the Aaaoel 
toor^tt»d8tediaerttIc»lBhiglMet»,OleTOl*^ 


The principal advantages which these installations 
have fflchibited can be summarized as'follows: 

1. Greatly incieaaed motor eapactty may be appUed to a «iii^ pair 


elimlni^^** attendant repair and ju^ 

Thto ^ designed to have greatly reduced Inertia. 

means less strain on equipment, more torque available for useftd work, 
reduced motor and generator heating, and greater acceleration. 

4. »oU chatter and sptoffievtoratlon are practically eliminated. 

5. Higher rolling speeds can be maintained and mill tonnage can be 
increased. 


The term “twin-motor” has come to refer to a form 
of rolling-mill drive in which each of a pair of rolls is 
independently driven by a separate motor. In a true 
twin-motor drive the motors may not op^te at 
esactly the same speed at all times; nor do th^r d^nd 
mtirely upon the coupling effect of the metal bmng 
rolled to maintain correct load division and speed 
rdations. 

Independent drive for the working rolls has been 
used previously in wheel and tire mills, piercing milla, 
and tube expanders and reelers. In these mstAiistiAns 
the motors rotated in one direction only at practically 
constant speed, the metal between the rolls providing an 


606 


ELBCTRieAL EnGINEBRING 



effective coupling and rather definitely fixing the speed 
and load relations. Reversing-beam mills with inde¬ 
pendently driven edging rolls also were in successftil 
op«ation. Here eqperience demonstrated that thespeed 
relations of two reversing motors working on the same 
piece of steel could be adjusted to take care of vary¬ 
ing drafts with no indication of unusual roll slippage. 

When the electrical equipment for the 54-in. blooming 



Fig. 1. Main connection diagram for 10,000-hp. 
twin-mot r drive and associated generators 



1. aSOO-HP. ARMATURES 

2. 3,000-KW GENERATORS 

3. MAIN SHUNT FIELDS 

4. CUMULATIVE RELDS 

5. DIFFERENTIAL RELDS 
a. SHUNT HELD EXCITERS 

7. SERIES EXCITERS 

8. GENERATOR EXCITER 



Fig. 2. Field-circuit connections for lO/OOO-hp. 
twin-motor drive 


mill first was considered it was felt that, to provide 
power for rolling heavier sections at higher tonnage 
rates, the continuous capacity and maximum torque of 
the reversing motor should be greater than had been 
used previously. 

Accordingly botii 10,000- and 12,000-hp. equipments 
with maximum,torques of 3,940,000 and 4,726,000 Ib-ft. 
respectively were considered, since a duplicate mill 
already had been built with an 8,000-hp., 50-r. p. m. 
drive having a rated maximum torque of 2,500,000 
Ib-ft. It was thought then that for the Ugher motor 
torques tiie. drive for the new mill could be improved 
mechanically by eliminating the mill pinions. This 
Tn ftPihftTiicAl improvement now has been realized but 
other advantages as outlined in the beginning so far 
outweigh those expected that what previously were 
considered foremost, now seem inagnificant. Tl^, 
of course, is the usual story of many new developments. 

Design DimcxniTiBS Involved 

Design of reversing equipments for machines of this 
size presents some interesting problems. A motor 
with a single-unit armature would have the advantages 
of simplicifT' and comparatively high effideni^. How¬ 
ever, the marimtim capacity wUch so far has been built 
into a sdngle-unit armature is 8,000 hp. at 40 r. p. m., 
smd a motor of this size^has an armature whidi ap¬ 
proaches the largest that can be shipped in one piece. 


Uring present dedgn proportions, about 10,000 hp. 
continuous capadty at 40 r. p. m. with 8,800,000 Ib-ft. 
maximum torque would be the largest motor which 
could be built witii a single-unit armature. The 
inertia of such a motor, however, would be tremendouriy 
High —in fact about 2.3 times that of the 10,000 hp. 
twin-motor drive finally adopted. 

A double-armature motor offers the next best pos¬ 
sibility for a tingde madiine of 10,000- or 12,000-hp. 
capadty at a speed of the order of 40 r. p. m., but even 
in this type of machine, the inertia would be nearly 
twice that of an equivaleat twin-mottar drive. Con¬ 
struction of the eleetrical equipment for hi^-capaci'^ 
reversing drives thus obvioudy is somewhat more 
complex than for small and medium ratings. 

In addition to the disadvantages of large single¬ 
motor drives already mentioned, pinion stands suitable 
for transmitting torques of from 4,000,000 to 5,000,000 
Ib-ft. become extremely lar^ and heavy and thdr 
design and manufacture involve serious mechanical 
problems. For large mills, therefore, the twin-motor 
drive offers both mechanical and electrical advantages. 

The twin-motor drive finally selected for the 64-in. 
blooming mill consists of two 6,0Q0-hp., 40/80-r. p. m. 
double-armature motors with a combined m aximum 
torque rating of 8,940,000 Ib-ft. Each armature is 
wound for 860 volts, the two armatures of one motor 
being connected in series, ^ shown in Fig. 1. The two 
motors operate in parallel and receive power from three 
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drive (below) for 54-in. bloomins mill. Note comparative space requirements 


3,00(^kw., 700-volt generators, also connected in 
parallel. The motor-generator is equipped •with a 
^ton, l&.ft. diameter’steel-plate flywheel, and is 
driven by a 6,600-hp., 868-r. p. m. induction motor. 

Electrical Features 

A diagram of the field circuit showing the method of 
field <»ntrol may be seen in Rg. 2. All shunt fields 
of both double-armature motors are connected in series, 
thus msuring the same shunt-field eicdtation for both 
motors. As may be noted, two shunt-field exciters are 
employed for the motors in order to permit the use of 
s^dard 250-volt exciter generators. This arrangment 
also m^es po^ble the variation of the relative shunt 
^atation of the two mill motors, if necessaiy, by means 
of a buek-and-boost exciter connected across the mid- 
^in^f the field circuit and a point midway between 
the two exciters. Up to the present time, howevo-, 
no occasion has been found to make use of this latter 
feature. 

^ addition to the main shunt-field winding each 
motor IS equipped with a cumulative series field and a 
^eren^ s^es field which are cross-connected and 
indirecfly ^dted by series exciter generators. As 
shown in Rg. 2 each series exciter generator has its 
field m the armature circuit of one double-arma¬ 
ture motor, and exdtes the cumulative field of that 
motor and the differential field of the other motor. 
Hence any tendency of one motor to take more than 
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ite share of the load strengthens its field and weakens 
the field of the other motor, thus quickly reestablishing 
equilibrium. 

With this load-balancing scheme, any desired speed 
r^ation can be obtained without interfering with 
the load-balancing characteristics—a valuable feature 
indeed. Ot note also is that the load-balancing effect 
can be imried without affecting the compounding. 

A similar scheme is used to balance the loads on the 
three generators of the motor-gen^utor set except that 
the generator series fields are ecdted directly without 
the use of senes exciters^ and that each generator excites 
its own differential field and the cumulative field of the 
adjacent ^nerator. 

Mechanical Features 

Mechanical arrmgfflnent of motor, spindles, and 
rolls is shown in Fig. 8. The motors are mounted on 
on 83.5-in. centers. Relative elevations of motors and 
rolls are such that the lower spindle op^utes at an ang^e 
of 2.6 d^.; the uppo* spindle runs at an an^do of 4 d^. 
below horizontal when the rolls are togetha- and 6 d^. 
above horizoiital when the rolls are set for their maxi¬ 
mum separation. The mill iqiindles are 26 ft. long, 
which is 4 ft. greater than for a duplicate W3ili with 
pinions. The maximum angle of the upper spindle for 
the pinion drive, corresponding to the same roll separa¬ 
tion, is 8.6 d^. r,. 

Comparative space requirem«its" and spindle an gloB 
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for an 8,000-hp., 40-r. p. m. drive witii pinions, and for 
a 10,000-lip., 40-r. p. m. twin-motor <Mve are shown 
also in fig. 3. As may be noted with the pinion drive, 
the spindles op^te und^ the most favorable condi¬ 
tions when the rolls are dose together. Usually, 
however, loads are heaviest when the ingot being roU^ 
is large and the upper spindle considerably indined. 
'With twin-motor drive the spindle angle is at minimum 
when the rolls are separated condderably; hence with 
this type of drive the best operating conchtions obtain 
when l^e load is at maximum. 

Mechanicsdly, the two motors of a twin drive are 
identical. The mill-end pedestal of each motor is 
supported on a heavily ribbed cast steel baseplate. 
The sides smd front end of the bedplate are fabricated 
in the ususil manner from heavy beams smd slabs. 
The upper motor drives through a jsick shaft, sm “A” 
frame on the noill end of the lower motor supporting a 
pedestal bearing which cskrries the outer end of this 
shaft. Thrust in this jsick shsift is taken care of by the 
mill-end pedestal of tiie upper motor. The lower motor 
is provided mth the usnial type of thrust bearing. 
Both the motor sh^ts and the jsu:k shaft have forged 
flanges. Driving halves of the universal couplinp 
next to the motors are bolted to the shafts in such a way 
that riiey c^ be removed for r^ewal or repair. Elec¬ 
trical construction of tiie motors is in accord with 
siccepted practise for reverring service. 

OHARACTERISnCS OF TWIN- VS. SlNGUS-MOTOB DbIVBS 

Operating characteristics of the 10,000-hp. twin- 
motor drive are quite different from those of a con- 
ventionsd reversing equipment driving through pinions. 
These difl«^ces are indicated in the following com¬ 
parisons. 

1. Quieter operation. 

Steel enters the rolls without shock. The usui^ ribratioxi and noise in the 
wniii spindles are absent, and there is practiciUly no tendency for the mill to 
chatter. Ck>nsequent1y the roller is not requirM to exert the usual care but 
can enter the steel on the first trial, even at higher speed thereby saving 
time on the early breakdown passes. 


2. Greater operating flexibility. 

In the pinion drive, independent movement of the rolls is limited by the 
backslash in the pinions and spindles; this limitation of movement con¬ 
stitutes the chief cause of roll chattering. With twin-motor drive the phase 
positions of the rolls can shift independently thereby quickly adjusting 
themselves to the steel and largely eliminating roll chatter. 

3. Higher mill accel^tion and retardation. 

Oomparatively low inertia in the motors allows the control to be designed 
for unusually fast field response without setting up high reverse power 
currents. Slectrical equipment is therefore used to better advantage and 
the capacity for iisefnl work is increased. 

4. Intervals between passes reduced. 

This is broui^t about by the rapid response of the motors which not only 
makes the handling of the drive much easier than the uscud drive, but also 
permits the steel to be kept closer to the mm. 

5. Total rolling time decreased. 

The quick response of the motors increases the entering and average 
rolling speeds, thereby decreasing the rolling time by increasing the per¬ 
centage of the time the metal is In the rolls. 

Twin-motor drive also has been applied recently to 
the main horizontal rolls of a 44-in. slabbing mill. 
This mill is rimilar to that of the 64-in. blooming mill 
except that the total capadty of the drive is greater. 
The main horizontal ro^ are driv^ by a 10,000-hp., 
40/80-r. p. m., twin-motor drive similar to that just 
described. The vertical rolls are driven separatdy by 
a 2,500-hp. 79/225-r. p. m. 700-volt reverting motor. 
The fl 3 nvheel motor-generator comprises three 3,600- 
kw. 700-volt generators’ but otherwise is the same as 
the blooming-mill set 

Twin Motoss for Smaller Mills 

The two installations just described are the first 
applications of twin-motor drive to heavy-duty mills 
and in addition represent the greatest power which so 
far has been appli^ to a tin^e pair of rolls. For mills 
with 40-in. or smaller rolls requiring motor capadty of 
8,000 hp. or less, the drive usually can be timplified by 
building each motor with a tin^e armature. The 
smaller motors can be mounted on smaller centers and 
the spindle angles can be kept within reasonable limits 
without making the spindles excessively long. 

It is possible from both the mechanical and electrical 


Fig. 4. General er- 
rengement of the two 
5,000-hp. d ubie- 
armature mot n at 
actually inttall d 
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standpoints to build a reversing mill drive with one 
motor on each side of the mill. With this arrangement 
small motor diameter is not an important considera¬ 
tion and the motors can be designed along conventional 
lines; where both motors are located on the same side 
of the mill, howevo*, motor design may be somewhat 
special. However, within reasonable limits, electrical 
construction details are relatively flexible and each 
individual installation therefore should be Idd out to 


Cost and Othbb Considerations 


is to be used, a revision of standards obviously will 
be necessary. Higher average rolling speed and the 
Ruction of intervals between passes allow the capac¬ 
ity of such a mill to be increased ovct what would 
be expected from one with the conventional single-motor 
<Wve. The net result is a more advantageous utiliza¬ 
tion of electrical equipment in the twin-motor drive; 
hence a greats* tonnage output can be realized with 
no in^ease in motor capacity. Moreover, in many 
it wifl be dearable to provide still greato* motor 

take 


capacity tnan now is customary in order to 


^ Relative first costs of twin-motor reversing drive and 
pinion drive will vary with the size and torque require¬ 
ments of the mill. The motors of a twin-motor drive 
with the necessary shafting and bearings are more 
expenave to build than a single motor of equivalent 
capacity. This increased cost may be somewhat less 
than the cost of a pinion stand with spare pinions and 
bearings for a heavy mill, but somewhat greater than 
these costs for a li^t mill. In general, however, the 
differmice in cost is not great and is far outwrighed by 
tile many advantages of twin-motor drive. 

Twin-motor drive offers advantages also for wide 
strip mills, whether these are used for hot or cold 
rolling. The chief advantage in this application is that 
the tiimination of the mill pinions does away with the 
necessity for accurate matching of the mill rolls. When 
single-motor drive is used for either hot or cold rolling, 
unless the rolls are matdied accurately, high stresses 
are set up in tiie pinions in orda: that the larger roll 
will slip ^d equalize the delivoy speeds. With twin- 
motor drive the motor speeds readily adjust themselves 
so that each roll has the same surfrce speed. The 
problem of load division is quite ample, since wide thin 
material forms practically a perfect coupling between 
rolls. 

T^e anmplest form of drive for a strip mill is one 
having a direct-connected motor on either tide of tiie 
mill, each motor driving one working roll. To tbi« 
arrangement there naay be objections, espedally in hot- 
rolling mills, on account of the space occupied by the 
motor and spindles on the tide of the tnill usually left 
open. This objection can be overcome by the use of 
special gearing which will permit tiie installgrion of 
both motors on the same side of the mill. And tince 
gmed motors with pinion drive are now the usual 
thing, such an arrangement would introduce no new 
mechanical complications. The total number of gear 
i^ts would remain the same, and instead of one reduc¬ 
tion unit and one mill pinion unit, each of full capacity, 
there would be two r^uction units, each of half the 
total capacity. 

In recent years tiie conceptions of steel plant execu¬ 
tives and engineers as to the expected output of various 
®z€s and types of mills have become fairiy well 
stimdardized. .Certain standards also have been applied 
in-selecting the electric drives. Where twin-motor drive 
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A V^acuum-Tubc Ocvicc for 
Current-Balance Telemeters 

The motor-operated rheostat with its asso¬ 
ciated apparatus now is replaced by a 
simpler, more compact vacuum-tube ar¬ 
rangement. The only auxiliary power 
required can be obtained from an ordinary 
station-lighting circuit; circuit constants are 
chosen so that momentary dips in this sup¬ 
ply voltage do not affect the readings. 
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improvement for current- 

balance telemetering systems recently has been devised, 
not only to elimin ate the auxiliary motor and special 
rheostat now commonly used with thig apparatus but 
also to rendw unnecessary an additional source of d-c. 
supply* This new improvement utilizes electron tubes 
for producing and controlling the feeble direct current 
which constitutes the indicating medium for type 
of remote metering. 

In general, telemetering s 3 rstems are capable of a 
wide variety of applications including not only measure*- 
ments of electrical quantities but also of many mechani- 
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cal entities; tor example, water-level indications in 
unattended hydroelectric stations. In the current 
t 3 rpe of apparatus as contrasted with other types the 
variations to be remotely observed are first translated 
into proportional cxirrents; these are then transmitted 
over communication lines and measured at the remote 
receiving point by the usual t 3 ^e of current measuring 
instruments. 

The current-balance system constitutes one particular 
species of current telemeter, utilizing a mechanism in 
which a direct current of miUiampere m^nitude is 
regulated to be proportional to the qiiantity being 
measured; this small direct current then bdng trans¬ 
mitted to the remote recmving point. As previoudy 



Sch m«tic diasram of new vacuum-tube transmitter 
for current-balance telemeterins 


constructed the transmitter in this system consisted 
angftnt.ia.n y of a Composite a-c.—d-c. balance mechanism 
in which the torque of a-c. measuring coils was balanc^ 
against the counter-torque of d-c. coils. Cuirent in 
the d-c. coils was adjusted by a motor operated rheostat, 
the motor in turn being actuated by contacts on the 
balance mechanism. 

A schematic diagram of the new electron-tube 
current-balance transmitter may be seen in the accom- 
Ijanying illustration. Power, voltage, current, or 
whatever entity is to be remotely indicated is applied 
to the measuring element L and produces a torque 
tending to close one of the conta(^ K. An electro¬ 
magnetic counter-torque is establidied by the d-c. 
element N, which carries the telemet» current in the 
communication line, this of course bdng the current 
measured by the remote recdving meters. These two 
torques are applied against each other by the composite 
d-c. balance mechanism L-N. If they do not 
balance exactly, contacts K operate to adjust the 
direct current (which is supplied from the plate drcuit 
of tube H) to the balancing value. When the upper 
contacts dose, the grid voltage of tube fl is inweased 
and the plate circuit is correspondingly reduced; when 


the lower contacts dose, the grid voltage is reduced 
thereby inCTeadng the plate current. The resistance J 
slows down the charing time of the condenser I 
enough to allow the balance L-N to open the contacts 
and stop charging when the proper current value is 
reached. 

Power is obtained for the electron tubes and asso¬ 
ciated equipment from an auxiliary a-c. supply such 
as a station lighting circuit. Transformer A supplies 
filament voltages to both tubes, and plate voltage to 
rectifier tube B. This latter tube supplies the d-c. 
plate and grid voltages for tube H through filter circuit 
C-L and resistor B P G. 

Resistances E, F, and G, are so chosen that G-F 
will produce ^ough grid voltage to reduce the plate 
current to zero, when voltage equivalent to the drop on 
G is impressed on the plate. The resistance P is so 
chosen that when a suddai change occurs in the line 
voltage of the auxiliary supply A, no change in the 
plate current of tube H takes place. Thus this resistor 
arrang^ent prevents line supply dips from showing 
on the record, and thereby overcomes a condition 
existing in previous forms of current-balance systmns. 

Use of electron tubes in this apparatus eliminates all 
moving parts used previously, exciting of course those 
assodated with the meter elanents. Accordingly the 
up-keep acpense and attention required tiiould be less 
wirii the older type of transmitting system. life 
tests made in the laboratory indicate also that under 
Ti ftnnnl operating conditions radio tubes as used in this 
application should have an average life of much more 
a year. In addition to the distinct advantages 
already maitioned, the apparatus is more comp^t 
than the motor-operated device and the currents which 
contacts K are required to handle are greatly reduced 
being only from 40 to 80 miCToamperes. 


Clinical Sunliskt— 

Natural and Artificial 

OlSCOVERY of reasons for the well- 
known benefidal effects of sunlight on health has 
been a stimulus to efforts to produce artificial sun- 
diine for use when and where natural sunshine is not 
available. Knowledge of the amounts of energy in 
various Tiravelen^ of the solar spectrum throughout 
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the year is necessary for production of the best artificial 
sunlight. Therefore measurements of sunlight in 
summer, fall, and winter, have been made at two 
sanatoria, in Ohio and Colorado, where sunlight has 
been used for years in treating disease. The physi¬ 
cians in charge in Colorado have found that noon winter 
sunshine has given the best results. 

There are indications that several more or less 
clearly defined bands of the spectrum produce certain 
biological effects. Most clearly defined is the so-called 
antirachitic region (limited to wave lengths less than 
3,100 Angstrom units), which is induded in tihat portion 
of sunlight entirely removed by ordinary window 
(The Angstrom unit is equal to a ten-millionth of a 
millimeter.) This band is responsible also for sunburn. 
The band of very short ultra violet (not pi«ent in 
simlight) below about 2,800 Angstrom units is destruc¬ 
tive to bacteria and molds. There are other bands 
which have specific biological effects but the evidence 
is not so complete as yet as for the two bands mentioned. 

C^bon arcs have been produced dosely approxi¬ 
mating the aniount of sunlight in more or less narrow 
bands at defimte distances from the source, and some 
of these carbon arcs have been in use for the treatment 
of disease ever since Pinsmi beg»n using the carbon are 
at Copenhagen about 1895. Pinsen's work has been 
continued by phyadans all over the world using various 
types of carbon are as well as other sources of light. 

The carbon arc has bemi a useful tool to these in¬ 
vestigators as, by the use of rarious metals and chmnical 
compounds in the carbons, the quality of the light 
pr^ucedc^ be varied through a wide range. HKght 
nch m the far ultra-violet entirely absent in sunlight as 
It reaches the ^h is derired, the carbons are cored with 
iron or a combination of several metals such as iron, 
nicbe^ and aluminum. Carbons containing silver 
Imve b^n u^ to produce a strong band in the ultra- 

wS only the wave- 

natural light and in exactly the same 
^portions. At present no artificial murninant has 
b^ pr^uced which exactly dupUcates sunlight in the 

lIS? “ the various wavd^Shs, but a 

li^t which closely approaches sunlight in quditv is 

of the rare earths. There are se^SlXm- 

but their effect on 
arc is ^ the 

^ “‘y carbon are is that the 

and quantity of chemical 


Coordination- 

The Essence of 
Modem Engineering 


By 

WILLIAM S. LEE President A- I. K. K 


Engineering enterprise has 

devdoped so rapidly from the application of individual 
tec hni c al skill to tiie combined technical efforts of many 
and variously qualified persons, that it seems propitious 
to consider briefly one of the most important of the prcs- 
mit controlling features. A modem engineering under- 
teldng of any appredablesize whatever involves influenc¬ 
ing factors ranging all the way ft^m the purely political 
to the purely economic; from the purely theoretical to 
the m^ simple and practical. Each of these factors of 
necessity muist contribute its share to the ultimate de¬ 
sign or structure, each to be interpreted and applied by 
a sMed technologist. Thus it is that coordination, 
hackneyed word thou^ it be, comes to the fore as 
representang a function without which no eng i n eering 
enteipnse of any magnitude may hope to succeed in the 
full sense of that word. 

Sureessfd <j)^tion presupposes coordinated con- 
riructaon which m turn is dependent upon coordinated 
de^, the whole enterprise resting fundamentaUy upon 

Thed«ip.rf.»«toJ:Z; 

pucai^ project represoits the composite thought and 
«tperi^ce of many minds so <Sefully 
balanced, and so thorou^y inter- 
to^ed, that ^ part will function and work In 

project of any importance 
^oidd be careMy designed in its entirety before veiy 

CW? constraction work is undertakS! 

means may the construction onginfifn . 
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*be lamp mechanism, but 
^SsSSlfel ^ reflectors and other 
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fallacy to look upon the result achieved as bdng the 
product of the efforts of one man. The really big man 
in engineering as well as in other professions is the 
simple man who readily recognizes and admits the fact 
that all major enterprises are fimdamentally the 
products of well-directed group action. Yeey often 
the greatest and the most valuable man in a coordina¬ 
tion conference is the man who can abandon his own 
ideas to espouse the cause of others in the int^^t of 
unified and effective effort. 

In pausing for a moment to consider some practical 
examples we naturally turn to the field of electricity. 
One of the most perfectly coordinating forces in modem 
times is found in the transformation of energy into 
electric power and the application of this new form of 
eneigy into productive work. So perfect is the co¬ 
ordination that can be seemed in the field of electridty 
that every phase of the almost innumerable detailed 
operations involved in a modem power plant may be so 
interlocked by electrical apparatus and so energized by 
electric power that they operate in perfect tmison and 
always are ready with instantaneous response to the 
will of the operator in charge. 

To cite another case of mechanical coordination, let 
us consider briefly the modem paper mill with which 
many of you are familiar. The heart of this mill 
lies in the long line of rolls. These rolls are steam- 
heated and over them passes the paper as it evolves 
from a pulp to the fini^ed product. Due to the fact 
that absolute uniformity of speed is required it was con- 
dda^ impossible until a few years ago to drive these 
rolls by any means other than spur gears. The electri¬ 
cal engines, however, solved the dtuation by de¬ 
signing senritive and accurate control equipment by 
means of which many electric motors may be electrically 
so interlocked as to maintain rigid synchronism. Thus 
these many independent motors turn the several rolls 
drawing the endless paper strips through them at a high 
speed, yet with a smoothness that avoids tearing even 
the most delicate paper. 

As another example of coordinated effort conedder the 
widely h^alded Empire State Building in New York 
City. If prior to the completion of that structure you 
had visited the site and inspected the old building 
upon it, and bad you been able to view the tremendous 
qiaantity of material of almost iimmuerable kinds that 
went into it, and then had been told just how long it 
would take to remove the old structures and assemble 
tile raw materials into a new structure, you could have 
been pardoned for exhibiting grave doubt as to the 
possibility of accomplishing such a feat. Yet, as a result 
of strict coordination of design and construction, and 
the coordinated mobilization of the matmals which had 
to be brought in piece by piece, that tremendous struc¬ 
ture was completed within a phenomenally short time 
to its full hei^t of 1,247 ft. above the sidewalk line. 

The failure of the designing engineer or the construc¬ 
tion engineer to ^xiordSiate their various related 
branches of enginemng, construction, or spedaliza- 
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tion, can mean nothing but lost enagy, lost time, 
and lost money in any great project. 

In enginemng, your mission, and mine, is far greater 
and more important then merely designing or con¬ 
structing a great project. We must so ssrachronize 
the many kinds of engineering and the many kinds of 
materials involved that the finished product shall be 
p^ect in its derign, construction, and operation. In 
this connection it should be remembered specifically 
that the ultimate aim in evoy project is a perfect prod¬ 
uct rather than a perfect design. In the face of con¬ 
stantly increasing and ever more exacting demands in 
aQ kinds of engineering projects, we are training more 
engineers and more types of engineers year by year as 
spedalists to refine and improve our general designs. 

We must go further and maintain that initiative 
which b\iilds the type of citizenship to which we owe 
our inventions, our developments, our progress—a 
dtizenship far more valuable than the gold seams of 
arctic Alaska or the diamond fields of tropical South 
Afiica—a citizenship that recognizes fully the fact that 
the only true equality in life is equality in opportunity. 

In doting I wish to leave a message for the young 
engineer, and for the engineering student. It is my 
wish to impress these young moi with the fact that 
opportunities still abound in the field of engineering in 
general, and electrical engineering in particular. True 
the specifications are somewhat broader and the require¬ 
ments materially more rigid than they used to be; but 
to offset this, the young engineer of today has at his 
command a wealth of technological information non¬ 
existent in earlier days. Inmy own opinion the wonder¬ 
ful field of coordination upon which I have touched 
but briefly now furnishes a new line of endeavor for 
you young engineers, and opens up a magnificent pano¬ 
rama of opportunity for service to yourselves and to 
your country. 

If it were postible for Opportunity to stand before you 
today she doubtless would say: 

**They do me wrong who aay 1 come no more 
When once I knock and fall to find you In; 

For every day 1 stand outside your door. 

And bid you wake, and rise to fight and win. 

Wail not for predous chances passed away. 

Weep not for golden ages on the wane: 

Bach night t bum the records of the day; 

At sunrise every soul is bom again. 

Ijaugh like a boy at splendors that have sped; 

To vanished josrs be blind and deaf and dumb: 

My judgments seal the dead past with Its dead, 

But never bind a moment yet to come. 

Though deep in mire wring not your hands and weep: 

I lend my arm to all who say T can 1' 

No shamefaced outcast ever sank so deep- 
But yet might rise again and be a manl 

Dost thou behold thy lost youth all aghast? 

Dost reel from righteous retribution's blow? 

Then turn from blotted archives of the past 
And find the future’s pages white as snow. 

Art thou a mourner? Bouse thee from thy spell I 
Art thou a sinner? Sins may be forgiven: 

Bach morning gives, thee wings to flee from hell; 

Bach night a star to guide thy feet to heaven.’* 
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Did you ever take « twim a mile up In the air? Thb Is the famous mlle-hlsh beach at Lake Tahoe, California 


Will You Take 

^Your Vacation at the 
Lake Tahoe Conventlon^^? 


JK TECHNICAL PEOGBAM second 
to none, in which many essentials of 
present^ay demands upon electrical 
engineering will be set fortb and empha¬ 
sized; a diversive program of which 
golfing, dancing, feasting, outdoor sports 
and a multiplicity of other delighting 
holiday occupations will be the happy 
ingredients—^these are some of the things 
in store for those who will heed the call 
and follow the injunction to ^'Makc your 
vacation include the Tahoe convention;*’ 
joys which shortly will be linked irrevo¬ 
cably with reoolleotionB of the Institute’s 
twentieth Pacific Coast convention to be 
held August 26-28, 1931, now bearing 
high promise of being ^^the best one ever.” 
And who will not enjoy the climax of 


Wednesday evening August 26, with a 
real barbecue followed by a general meet¬ 
ing and subsequent entertainment? 

Tbohnical Proobam . 

With L. P. Leurey (M’27) of San 
Francisco in the chair, the technical 
sessions will open with the presentation 
of three papers devoted to the profession 
in industrial application. The second 
session presided over by S. J. lisbeiger 
(M’ll) chief engineer in charge of the 
division Of electric distribution and steam 
engineering, Paoifio Gas ^ Electric 
Company, will offer an interesting and 
instructive collation of facts on a-c. net¬ 
works, the Mokelunme River develop¬ 


ment (by Mr. Lisberger’s own company), 
line control of interconnected networks, 
and “tuned” power lines. Wednesday, 
August 26, with C. E. Pleager (P’26 and 
vice-president) chairman, will be given 
over to a new and detailed study of the 
ever active subject, communication; on 
this occasion from both community and 
intercontinental standpoints. In the 
evening, convention guests will be af¬ 
forded the pleasure of listening to C. E. 
Grunsky, internationally Imown president 
of the American Engineering Council, who 
will address the convention concerning 
“business and economics,” a subject 
never more vital than at the present 
moment. 

The technical program wul. coma to 
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fitting close with Friday morning’s session 
on eleetrophysics and general subjects 
including cathode drops in arcs and glow 
discharges, the kindling of electric spark- 
over, snow surveys, and radio coordina¬ 
tion; R. W. Sorensen (P*19) professor of 
electrical engineering, California Institute 
of Technology, presiding. 

Entertainment 

As earlier paragraphs suggest, an ample 
program of entertainment has been 
searched out and perfected by diligent 
local committees. In addition to diver¬ 
sions already named, there will be held on 
Friday evening “A Night at Monterey,” 
a gala celebration modeled after the 
Spanish fiestas of old. Tahoe Tavern and 
£^e Tahoe on the shore of which it is 
located are unexcelled for pleasures and 
beauty of surroundings. Tennis, swim¬ 
ming, golf, horseback riding, and an 
exceptionally fine bowling alley all are 
available within the Tavern grounds, 
while the Kit Carson Trail to the historic 
mining cities of Carson and Virginia City 
in Nevada offers a short, but ultra scenic 
trip. The usual tournament for the 
Fisken Cup, Pacific Coast A. I. E. E. golf 
trophy, will be played on the Tahoe 
course. The majority of interesting 
points may be visited with ease and 
comfort in less than a day’s time for the 
round trip. 

The ladies have been specially planned 
for of course; a boat ride to Emerald Bay, 
bridge parties, and automobile trips have 
been carefully arranged for all those 
interested in their participation. On the 
evening of Thursday, August 27, a short 
playlet will be staged “to provide fun for 
all”? 

The “Night in Monterey” will be held 
for the most part upon the delightful and 
well-equipped beach and boardwalk, 
ably engineered by the management of 
the Tavern. 

Vacation Sxjgobstions 

In line with the promise of the con¬ 
vention’s part in vacation plans it should 
be remembered that Lake Tahoe is in the 
very heart of California’s famous Sierra 
Nevada mountain range. In almost every 
direction trips upon the lake offer an 
entry into splendid mountain scenery. 
Yosemite Valley, the historic Mother 
Lode gold mining country. Sequoia and 
General Grant National Parks, and other 
attractive spots are daily reached by good 
roads from the main highways in central 
and southern California. Members coining 
from or through Oregon and Washington 
will find. Crater Lake, the Oregon Caves, 
and the Coast highway through the 
famous redwood belt delightful and 
recreative. 

Attractive convention rotes will be 
made available to members and guests at 


Tahoe Tavern for the entire week of 
August 23 to accommodate those wishing 
to devote a few uninterrupted days to 
pure diversion. 

Registration and Hotel 
Accommodations 

A general ioformation and registration 
desk will open in the lobby of the Tavern 
Monday, August 24, and delegates and 
guests are requested to call there as soon 
after arrival as possible to obtain badges 
and news of convention schedule. The 
following fees covering registration, ban¬ 
quet, all scheduled events, and greens fees 
for the golf tournament will be in effect: 


Members and men guests.... $5.00 

Ladies. 3.00 

Student members. 1.00 

Student guests. 2.00 


Tickets for the Thursday evening banquet 
are for only those registering for the 
convention; this applies to members, men 
and women guests, enrolled students and 
student guests. Tahoe Tavern is offering 
special convention rooming rates to 
Institute members and their families 
attending the convention. Many of the 
exceptionally large rooms are suitable for 
groups of four or five, and better to 
accommodate the unusual number of 
persons expected the management hopes 
that those who care to take advantage of 
this club arrangement will make up 
their own parties and thus simplify the 
question of hotel space allotment. Con¬ 
vention rates including meals will be as 
follows: 


Room or small suite with bath 
(shared by 1, 2, or 3) per 

person per day. $8.00 

Room or suites with bath 
(shared by 4 or more) per 

day per person. 7.50 

Room without bath, per per¬ 
son per day. 7.00 


All reservations must be made through 
the hotel committee by means of the 
regular hotel reservation blank provided; 
registrations made direct with the Tavern 
will not be recognized to benefit by con¬ 
vention rotes. Order of receipt will 
establish precedence of choice of accom¬ 
modations, etc. 

The Fisken Trophy 

The John B. Fisken (^p, much 
coveted golf trophy, is awarded annually 
to the best tournament score among 
members of the Pacific Coast Sections 
from IS^hole medal play at handicap. 
Many other prizes also will be awarded, 
all of which should make the tournament 
a feature attraction to any enthusiastic 
registered delegate or guest. No greens 
fees wjU be charged for the tournament, 
but specific information establishing 
handicap, etc., should be returned with 
the registration card. 

Transportation 

Excursion rates are available from all 
points, railroad service to Lake Tahoe 
being provided by the Southern Pacific 
Company via its Overland Route. Spe- 
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The annual tournament (of the John Fishen cup will be played among 
the pines of the majestic ^'High Sierra^^ 


eial routing information for making klie 
trip by auto travel through most historic 
and scenic territory is made available by 
The Pacific Gas & Electric Company 
which will arrange to have its local repre¬ 
sentatives along all routes to the Lake to 
furnish specific information and render 
any possible service in ease of emergency. 

Committees 

General convention committees and 
officers serving in the various depart¬ 
mental divisions of convention activities 
are as follows: 

Chairman, A, W. Copley (P’26); vice- 
chairman, P. B. Garrett (M’30); both of 
Westinghouse Electric &> Mfg, Com¬ 
pany, 1 Montgomery Street, San Fran¬ 
cisco, Calif.; secretary, E. P, Maryatt 
(M’27) of the Pacific Gas & Electric 
Company, 245 Market Street, San 
Francisco, Calif. Committee chairmen 
include A. G. Jones (A’07) entertainment; 
E. A. Crellin (P’28) finances and hotel; 
A. V. Thompson (A’23) golf; P. R, George 
(M’25) inspection trips; W. C, Heston 
(M’20) publicity; M. S. Barnes (A’18) 
registration; C. E. Pleager (P’26 and vice- 
president) reception; D. I. Cone (M’24) 
technical program; S. G, Palmer (A’15) 
student activities; P. Lebenbaum (M’13) 
transportation; and Mrs. Hector Keesling, 
ladies' entertainment; assisted by C. E, 
Carey (M’25), H. B. Carpenter (P’18 and 
vice-president), J. N, Chamberlain, L. B. 
Puller (A’03), L. p. Puller (P’23), 
A. V. Guillou (M’27), J. Hellenthal 
(M’23), H. W. Hitchcock (M’27), G. L. 
Hoard (A’19), A. PI. Kruel, P. J. Ost 
(M’23), W. C. Smith (M’26), and L. A. 
Traub (A’28), members of the local 
committee. 


Technical Program 

Tuesday, August 25 

10:00 a. m. Industrial Applications —L. F. 
Leurey, chairman. 

Electrical Power in "Wood Products 
Industry, by O. E. Oarey and IC. L. Howe, 
Westinghouse Electric & Mfg. Company, 
Seattle, Wash. 

Application op Electricity to Oil Field 
Operation, by H. O. Hill and J. B, yelegue, 
Los Angeles 

Correlation of Induction Motor Debion 
Factors, by V, Hoover, Teaching Fellow in 
E. E., California Inst, of Tech. 

2:00 p. m. Power Transmission and Dis¬ 
tribution —S. J. Lisberger, 
chairman 

Economics of A-C, Networks for Secon¬ 
dary Distribution, by S. B. Clark, Portland, 
Ore. 

The Mokelumne River Development of 
THE Pacific Gas & Electric Company, by 
E. A. Crellin, E. M. Wright, and B. D. Dexter. 
Pacific Gas & Elec. Company, San Francisco, 
Calif. 

Tie-Line Control of Interconnected Net¬ 
works, by O. A. Powel, Westinghouse Elec. & 
Mfg. Company, and T. E. Purcell, Duquesne 
Lt. & Power Company, Pittsburgh, Pa. 

Tuned Power Lines, by H. H. Skilling, 
Stanford University 

Wednesday, August 26 

ds30a.m. Student Technical Session No. 1 

2:00 p. m- Communication —C. E. Fleager, 
chairman 

Intercontinental Telephone Service, by 
.7. J. Pilliod, engineer, American Tel. & Tel. 
Company, New York, N. Y. 

Electrical Solutions of Problems of 
Regular Scheduled Flight, by C. F. Green, 
Schenectady, N, Y. 

The San Francisco-Los Angeles Section 
OF the Pacific Coast Telephone Cable 


Network, by E.M Oalderwood, San Francisco, 
and D. F. Smith, Los Angeles, both of the 
Pacific Tel. & Tel. Company 

Electrical Sound-Absorption Measure¬ 
ments, by A. L. Albert and W. R. Bullis, 
Corvallis, Ore. 

Evening 
Barbecue dinner 

Address by O. E. Grunsky, in’osiderit of 
American Engineering Council “Business Cycles 
and Some Economic Problems’’ 

General meeting followed by entertainment 

Thursday, August 27 

8:00 a. m. Student Breakfast and Con¬ 
ference 

Afternoon 

Sports 

Evening 

Banquet and playlet 
Friday, August 28 

9:30 a. m. Electrophysics and General 
Subjects —R. W. Sorensen, 
chairman 

Cathode Drop in Arcs and Glow Di.s- 
cHARGEs, by S. S. Mackoowii, California Insti¬ 
tute of Technology, Pasadena, Calif. 

The Kindling of Electric Spatikover, by 
C. E. Magnusson director of ongineering experi¬ 
ment station. University of Washington, Seattle 

Snow Surveys, by IT. P, Boardman, pro¬ 
fessor of O. E., director of engineering experi¬ 
ment station. University of Nevada, Reno 

Radio Coordination, by H. N. Kalb, 
Great Western Power Company, and C. C. 
Campbell, Pacific Gas & Electric Company, 
San Francisco 


Irrigation Waste 
to Run Texas Plant 

A hydroGloetrio plant to be built by the 
Centra] Power Light Company near 
Eagle Pass, Texas, will utilize waters 
returned from the Maverick County 
Irrigation District No. .1, after they have 
been diverted for irrigation purposes and 
carried back by a supply canal to pen¬ 
stocks. 

Excavations for the power house of 
this plant wore started May 23, 1931; 
it is expected that the plant will be ready 
for operation early in 1932. The genera¬ 
tors will be of 3,500 kw, 0.9 kv. umbrella 
type, the power produced to be trans¬ 
formed to the higher voltages in an ad¬ 
jacent substation. A 66-kv. line coming 
from the East supplies power for construc¬ 
tion now and will be used later to carry 
power to the operating company’s other 
points of distribution. During the irriga¬ 
tion season the river fiow amounts to 
approximately 1,000 soe-ft. but at certain 
other seasons it reaches a 1,500 sec-ft. 
volume— Wendell 0, Fowler^ San Antonio 
Section Correspondent," 
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Asheville Convention 
Closes Busy Institute Year 


w 

wW ITH more than 600 persons in 
alltendance the Asheville convention 
proved a fitting climax to a busy year. 
Bssoniially every District and active 
Section throughout the United States 
and Canada and including Mexico City, 
wore repretented It was of partictilar 
interest to note the high percentage of 
women guests who attended from distant 
points giving color and lending charm to 
an affair already under the spell of 
hospitality so typical of the Old South. 

iMPfiUTANCB OP District Mbbtinos 
Strbsbbb 

In a prelude to his final formal address 
before the Institute President Lee 
emphasized again his fervent wish to 
“Take tlie Institute to the members in¬ 
stead of trying to bring the members to 
the Institute/’ In this connection he 
emphasized the increasing value of 
District meetings, urged every effort to 
develop them, and outlined current 
progress in that direction. President Lee 

Iso called attention to the great value of 
the younger members to the Institute and 
of the Institute to the young ehctrical 
engineer, urging a greater participation 
on the part of the younger men. In his 
formal uddross, full text of which appears 
elsewhere in this issue, he sounded a 
oliallenge and a distinct note of encourage¬ 
ment to engineering students. 

Dbleoatbs Sessions Well Attenobi) 

Two particularly well attended ses¬ 
sions of delegates, officers, and members 
were held at which several subjects of 
particular import to Institute members 
wore rather fully discussed. These 
included the licensing of engineers, mem¬ 
bership problems including transfer quiOi- 
fications, and Section and student Branch 
operating problems. More concerning 
all of these subjects will be presented in 
Blectrioal BNQXNBERiNa as the various 
committee studies and reports are com¬ 
pleted. Technical sessions M were very 
well ttended, attendance being en- 
han^d perhaps by the fact that many of 
the sessions were held on the open 
verwidaa of the Orove Park Inn overlook¬ 
ing the North Carolina mountain scenery. 
A brief outline of the several papers 
presented is given in the paragraphs that 
follow; discussion will be ^reviewed in a 
sub8e<iuenti8sue. ^ 
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Interconnections 
Discussed and Evaluated 

Recognition of some of the 

technical problems involved in the 
present-day trend toward mergers and 
large cooperative undertakings in the 
field of the electric service company, 
an entire session of the Asheville summer 
convention was devoted to a symposium 
of four papers on this general subject. 

In bis paper relating to the classifica¬ 
tion and evaluation of interconnection 
services A. E. Bauhan (M*17) of the 
Public Service Electric & Gas Company, 
Newark, N. J., defined his interpretation 
of the word interconnection as meaning 
the physical tying together of two or 
more independently owned or separately 
managed electric systems for the purpose 
of reaUzing financial benefit or service 
improvement through the interchange of 
power. 

Under the heading of service classifica¬ 
tion the author listed emergency service, 
load diversity, firm power, storage power, 
intra-company use, economy flow, and 
unintentional flow. He expressed the 
hope that these seven suggested classifica¬ 
tions would form the basis of discussion 
and experiment which would lead even¬ 
tually to a generally acceptable classifica¬ 
tion and nomenclature. 

Economic Evaluation 

After defining and describing these 
classifications in some detail, Mr. Bauhan 
launched into a discussion of intercon¬ 
nection service evaluation, stating that 
such evaluation represented the economic 
basis upon which the desirability of a 
proposed interconnection should be made. 
He stated that the services previously 
mentioned may be evaluated as to capital 
cost by determining the aggregate saving 
in the cost of generating capacity, and 
then comparing the result wi^ the capital 
cost of the interconnection itself. 

Stating that ’^teroonnection is only 
one of the many factors contributing to 
the accomplishment of the purpose of the 
electric utility industry,” G. M. Keenan 
(P’29) superintendent of the Penn-New 
Jersey Interoonnection (Hazleton, Pa.) 
pointed out that the ’'possibilities of inteT- 
oonnectioii can be realized only wbeu the 
system is effectively developed and 
operated.” 


Diverse Interests or Participants 
Must be Coordinated 

Mr. Keenan emphasized the limiting 
feature represented by the fact that while 
interconnected systems operate as a unit, 
the companies owning them have diverse 
interests which' must be sufficiently 
coordinated to make available to sil 
participants the maximum benefits to be 
realized by interconnection. Mr. Keenan 
stated also that interconnection develop¬ 
ment usually tends to reduce generating 
costs at the expense of increased trans¬ 
mission costs and hazards, concluding 
that "possibly there are some limits to 
the size of the interconnected system and 
the degree of coordination desirable be¬ 
tween ownership." 

The interconnected system represent¬ 
ing ten independent operating companies 
of western Pennsylvama, eastern Ohio, 
West Virginia, and Maryland, were 
described at some length by H. S. Fitch 
(A’18) of the West Penn Power Com¬ 
pany, Pittsburgh, whose paper reflected 
the operating practise and experiences 
of that group. He described the territory 
served by these companies and out¬ 
lined the benefits derived by the inter¬ 
connection as including a reduction in 
spare capacity, investment and operating 
economies ^ected through (1) dove- 
tailing of construction programs; (2) joint 
financing of power stations and transmis¬ 
sion lines; and (3) noteworthy protection 
of service continuity. 

Disadvantages More Than Offset bt 
Benefits Derived 

E. W. Dillard (M’3(» and W. R. Bell 
(A’15) of the New England Power Engi¬ 
neering & Service Corporation, Boston, 
Mass., described in some detail the 
various practical problems involved in a 
t3npi<^ New England interconnection 
involving systems in parts of six states. 
After outlining the history and develop¬ 
ment of the various interconnections, 

. the authors gave as the objectives of their 
system the following: 

1. Tlie absorption of earsiiaa bydzo power 
from systems generating largely from unregu¬ 
lated hydro sources. 

2. The absorprion of Urge quantities of sur¬ 
plus steam with resultant good load factor on 
relatively high-grade steam plants of adjacent 
systems. 

3. Arrangements for the purchase of surplus 
steam capacity in various stations which re¬ 
sulted in a certain amount of firm capacity. 

4. The sale or purchase of firm power. 
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The authors outliued in some detail 
the benefits derived from these various 
factors, described the eontractural rela¬ 
tions entered into in the various cases, 
and pointed out certain disadvantages 
and difficulties encountered. They stated 
definitely, however, that they “do not 
believe that any disadvantages have 
come about in any New England inter¬ 
connection that are not offset entirely' 
by benefits derived.^’ 


Transients Important in 
Electrical Machine Design 

Electrical maobiuery and its 
design and operating characteristics, 
always of interest in Institute conven¬ 
tions, were no exception at Asheville. This 
time the subject of electrical transients 
seemed to dominate in idl presentations 
and discussions. 

The problem of reestablishing excita¬ 
tion of a loaded alternator operating in 
parallel with others was di^ussed at 
some length by D. D. Higgins (M*27) 
and B. Wild (A*27), both of the Common¬ 
wealth Edison Company, Chicago. The 
authors described tests performed with 
large turbine-generators operating under 
load, and gave a rdsumd of various 
answers, to a questionnaire bearing upon 
the phenomena accompanying the inters 
ruption and reestablishment of a genera¬ 
tor’s d-c. excitation. As a result of their 
investigation the authors conclude that 
the reexcitation of a generator without 
removing it &om the bus is a justifiable 
and sale operating procedure and one 
which will restore all conditions to normal 
in the shortest time. 

Rbactancb and Timb Constants 
Calculated 

L. A. Kilgore (A’29) of the Westing- 
house Eleotrio & Maniifaoturing Oom- 
pwy^ Bast Pittsburgh, Pa., presented a 
highly mathematical dissertation per¬ 
taining to a method of oaleulating 
reactance constants and time, constants, 
as they affect transient charaoteristios 
of synchronous machines. The author 
pointed out that reoent theoretical 
advances have introduced many new 
oonatants; also that most of the diseus- 
sions on such constants published pre¬ 
viously have been concerned with the 
dppHcaiuMfi rather than the calculcUicn of 
the values involved. In his paper Mr. 
Elgore ealeulated the more signifioant 
oonstante and gave comparisons between 
tests and oaloiilated values to 8upiM>rt the 


aoomraey of his method. In two extended 

ppendices he gave formulas for salient- 
pole machines and turbine-generators, 
and pointed out that because of differ¬ 
ences in construction many of the 
formulas for turbine-generators are dif¬ 
ferent from those for salient-pole 
machines. He discussed the more im¬ 
portant differences. 

As a companion paper to Mr. Kilgore’s, 
S. H, Wright (A’29) also of the Westing- 
house Company presented an extensive 
treatise descriptive of the determination 
by test of synchronous machine reao- 
tanoes, resistances and time constants. 
The author emphasized the praotioal 
side of the situation basing his statements 
and conclusions upon observations made 
from many tests and their results, Mr. 
Wright considered three classes of syn¬ 
chronous machines—tiurbine-generators, 
salient-poJe machines with dampers, and 
salient-pole machines without dampers. 
In his tests the author achieved satura¬ 
tion effect under short circuits by apply¬ 
ing short circuits to machines ox>erating 
at rated voltage. He discussed in some 
detail the more important of the variable 
saturation effects, and by defining certain 
saturation and other values attempted to 
provide a definite basis for the practical 
specification of machine constants. 

Tbansformeb Tbansients Apeboted 
BY Many Baotobs 

An essentially mathematical study of 
transient voltages in transformers and 
similar equipment was presented by 
KV.Bewley (A’27) of the General 
Electric Company, Pittsfield, Mass. Mr. 
Bewley devoted his major effort to 
showing the effects on voltage distribu¬ 
tions of wave shape, cirouit oonstanta, 
and neutral imi)edances, and in describing 
methods by Triiich'the voltage distribu¬ 
tions may be controlled or varied. He 
derived a geneiial differential equation 
for a cirouit consisting of distributed 
self- and mutual-inductance, series and 
shunt capacitance, series resistance and 
conductance along the stack to ground. 
The author presented (1) numerous 
solutions of his equation covering various 
sets of conditions; (2) equations cor¬ 
responding to many different applied 
waves showing the effects of wavelengths, 
wave front, eto.; (3) equations for cal¬ 
culation of potential difference or voltage 
gradient between points in windings; and 
(4) tables showing the influence of various 
circuit constants on wave characteristics. 

In describing field transients in mag¬ 
netic systems, Ernst Weber (A*31) of 
the Brooklyn (N. T.) Polyteohnio Insti¬ 
tute gave a comprehensive mathematical 
solution of the situation arising from the 
sudden application of a d-o. voltage 
through an electromagnetic circuit con- 
tainii^ a partly laminated and partly 
solid iron core with an air gap. lUmging 


in mathematical manipulations from 
Maxwell’s field, equations for eddy 
currents and magnetic field in an iron 
core to Heaviside’s operational calculus, 
the author achieved results which he 
expressed by means of a time constant 
of the magnetic field. In discxissing the 
practical application of his results the 
author gave a numerical example and 
called attention to the effectiveness of 
quick response excitation for improving 
electric system stability under short 
cirouit conditions, particularly where 
large synchronous generators are involved. 


Efficient Communication 
Facilities Required 
for Successful Operation 

jj^BPLECTINQ the important position 
occupied by communication facilities in 
the successful operation of a modem elec¬ 
tric light and power system, a symposium 
of five papers dealing with important 
phases of the subject oocupied one entire 
technical session of the Asheville con¬ 
vention. Nine different authors collab¬ 
orated in the preparation of these papers 
representing some five different power 
systems and three different divisions of 
the Bell Telephone System. 

In practically all cases the three major 
divisions of communioation service that 
received speoifio attention were those 
pertaining to (1) operating activities in¬ 
cluding dispatching, plant and substation 
operation, line patrol and repairs; (2) 
custom^ service activities including new 
installations, disconnections, transfers and 
service complaints; and (3) administra¬ 
tive activities including executive, sales, 
and business functions as differentiated 
from the service functions. 

PaiNCiBAL Rbquibbmbnts Outlined 

Fu n damental considerations underlying 
the planning and providing of adequ te 
and economical communication services 
for eleotrio utilities were rather fully 
outlined and briefly discussed in a paper 
prepared by R. N. Conwell (F’31) of the 
Public Service Electric & Gjw Company, 
Newark, N, J., G. M. Keenan (P’31) 
superintendent of the Penn-New Jersey 
Interconnection, Hazleton, Pa., C.* P. 
Craig (M’27), special representative of 
the American Telephone & Telegraph 
Company, New Tork, and E. C. Briggs 
of the Ohio Bell Telephone Company, 
Cleveland. These authors described the 
norm 1 workings of an eleetrip utility as 
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I)eing Ro divided that all three clases of 
coraiuimication service mentioned in the 
preceding paragraphs are required. In 
enlarging upon the subject of communica¬ 
tion facilities for operating activities, they 
stated that such, facilities needed to be: 

1. Easy to operate and capable of estabUsh- 
iDg prompt communicatioii connection. 

2. Available at times when generating and 
Uislribntion facilities are in trouble. 

3. Of sufficiently good quality to avoid 
misunderstandings and to permit conversations 
to bo carried on with ease. 

4. Adequately protected from the safety 
standpoint but not to a degree that would inter¬ 
fere witli communication service during electric 
scrvico difficulties. 

{}. Of sufficient capacity to obviate serious 
delay even imder emergency conditions. 

Leased Lines Pebpbrrbd to Carrier 
Systems 

B. S, Bundy (M’30) of the Buffalo 
(N. Y.) Niagara & Eastern Power Cor- 
i>uration, described the eommuniealion 
facilities of the western division of the 
Niagara-Hudson system. He character- 
izod the modem tendency of interconnect¬ 
ing electric generating and transmission 
systems as leading to systems covering 
**such large areas that the communica- 
tiou linos have become almost as impor¬ 
tant as the power lines themselves.^’ 

Mr. Bxmdy described the communica¬ 
tion requirements of his system which 
include remote metering, system dis¬ 
patching, load supervision, commercial 
buHincss, and ordinary interdepartmental 
communication. Perhaps the most im¬ 
portant communication service in that 
system is provided by lines leased from 
the telephone company, arranged in some 
eases so that conferences involving several 
persons may be held over the lines. 
Single-frequency duplex carrier-ourrent 
installations providing two-way com¬ 
munication between eight of the more 
imi)ortant stations on the consolidated 
system supplement the line service. 
Under normal operating conditions leased 
lines are used in preference to the carrier 
system because of the better qu^ty of 
transmission. 

A description of the communication 
needs of a power company serving a large 
metropolitan area was given by P. B. 
Juhnke (M’20) of the Commonwealth 
Edison Company, Chicago. Detailed 
information pertaining to load dispatch¬ 
ing problems on his system were dis¬ 
cussed, and the use of remote metering 
facilities as an effective aid in conducting 
load dispatching operations was de¬ 
scribed. On this system the technical 
group in the load dispatching office is in 
direct private wire communication with 
all generating and distribution stations, 
‘ and with most substations. In describ¬ 
ing his remote metering system Mr. 
Juhnke mentionedTthat metallic telephone 


circuits now are used exclusively but 
stated that since telemetering impulses 
now can be transmitted over carrier- 
current communication systems, the use¬ 
fulness of such carrier systems has been 
enhanced materially. 

Coordinated Systems most Economical 

C. A. Booker of the New England Power 
Association, Boston, and M. E. Clark of 
the New England Telephone & Telegraph 
Company, Bonton, described at some 
length a cooperative study of power 
system communication conducted jointly 
in New England by the power company 
and the telephone company. The prob¬ 
lems there encountered involved a survey 
of existing communication facilities in the 
several districts effected, the determina¬ 
tion of present and future communica¬ 
tion requirements, and the analysis of 
these requirements to ascertain what 


improvements, changes, or additions 
should be made. Coordination of exist¬ 
ing facilities both on the Bell system and 
on the Power Association’s various pri¬ 
vate lines was the watchword of the joint 
investigation. 

Switching from the communication 
problem of the relatively closely knit 
interconnected system to that of the 
relatively far flung interconnected system, 
E. C. Stewart of the Arkansas Power & 
Lfeht Company, Pine Bluff, Ark., de¬ 
scribed the communication system in use 
on the Arkansas - Louisiana - Mississippi 
Interconnected Power System. Long dis¬ 
tances between stations are the regular 
order of affairs on that system, and as a 
result earrier-current telephone equip¬ 
ment is used to a large extent, the longest 
distance so served being 459 mi. 

After outlining the history of devel¬ 
opment and describing the problems 
incident to the development of the carrier- 


^The Engineer Views Hopefully the Hitherto Unattainable^^ 




HITHER-TOisf? ' 




Such is the message of the Lamme Medal established by a bequest of Benjamin 
Q-flrvdr T ji.TnmA , ehidf dngiiiddr of Wostinjfho'uao Sloctirio & Manufftctnruig Compsiny. 
who passed awa,y July 8, 1924, after a life of professional usefulness. Acoording to 
provisions of the bequest, a gold medal accompanied by a replica in bronze goes m 
award each year to a member of the Institute “who has shown mmtorious achievement 
in the development of electrical apparatus or machinery.” William J. Foster, D. S^, 
oonsulting engineer (retired) of the General Bleotrie Company, Sohenectady, N. T. 
was this year’s recipient (see p. 230, Elbctwcal BNonraBBiNQ, March 1931). A 
«rr.{i.r boquest was made by Mr. Lamme to Ohio State University, by which annual 
award is made to a graduate from any of its engineerii^ branches “for mentonoM 
achievement in engineering Or the technioal arts;” while, a third medal is a,v^ed by 
the Society for the Promotion of Engineering Education “for aoTOmptohmen t m 
teaching or actual advancement of the art of technieal training. The:^ 

Lamme Medal to be awarded by the Institute (1928) was givm to B. Field ^13) 

consulting engineeir, Manchester, England; the second to Rudolph E. Hellmund 1®) 
chief electrical engineer, Westinghouse Electric & Mai^aotnrmg C^pany, Bast 
Pittsburgh, Pa. C. B. Skinner, assistant director of Eni^eering, Westinghouse, 
reoeived this year’s award from Ohio State. (See p. 619 of this issue.) 
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ourrent system, the author related some 
opemting experiences. He said “the 
catrier-onrrent installation on the inter¬ 
connected system, supplemented by the 
use of toll service, and one or two leased 
or specially arranged circuits, is primarily 
for use by the dispatcher, but consider¬ 
able business traflfic is handled by the 
dispatching force outside of any rush 
period.” 


Automatic Control 
Is Proving its Merit 

Concerned -witli the general sub- 
ject of antomatio equipment five papers 
were presented at an Asheville session. 
Two of these dealt with the details of 
supervisory systems for electric power 
apparatus, one dealt with automatic 
combustion control, and two presented 
rather comprehensive outlines of actual 
operating experience with automatic and 
supervisory control equipment. 

R. M. SUnley (F»23) of the Bylleaby 
Bn^eering & Management Corporation, 
Chicago, HL, described briefly the minia¬ 
ture switchboard supervisory automatic 
control equipment installed at the Ohio 
^lls Hydroelectric Station at Louisville, 
Ky., and. gave a rCsumfi of three years’ 
operating experience with that equip¬ 
ment. Mr. Stanley gave the engineering 
reasons for the adoption of miniature 
sppervisory switchboard and automatic 
oon^l as being a desired reduction in 
capital ex;]^nditure, and reduced fixed 
aud operating charges. As a result of his 
c^riences he has concluded that auto- 
nwtic devices greatly enhance the ser¬ 
vices of a capable operator, and produce 
better station operation than would be 
possible by manual system of control 
alone. 

Insfsction Am) Maintbnakcb 
Imfobtant Items, 

In a jointly prepared paper Qarland 
Stamper (A^26) of the Coliimbia Bngi- 
Bjering ft Management Corporation, 
Cincihna^ Ohio, and F. P. Ambuhl 
^’26) of the Toronto Hydro-Electric 
System, Toronto, Out., Canada, de- 
sciubed their respective operating ex- 
perien<^8 ynth automatic station and 
aupe^yisoxy equipment. Mr. Stamper 
st^d that the Columbia system has 
w au^matic and sbmi^utojfialtic sta^ 
toha ot types in oj^ti^h 

w ten years, and' ^ ieimlt of 
A:^riente s^ted the 
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degree of satisfaction secured in the 
operation of any type of automatic 
equipment is directly dependent upon 
the quality of inspection and maintenance. 

Mr. Ambuhl reported that on the 
Toronto system automatic controls have 
given fairly satisfactory results and the 
supervisory controls have given excellent 
results, especially the cable-1yi>e super- 
visory.»» Relay failures constitute the 
chief source of trouble mentioned. 

An a-c. supervisory control system 
devised to accomplish all that the more 
common d-c. supervisory systems now do, 
was described by 0. K. Marti (M’27) 
of the American Brown Boveri Company, 
Lie., Camden, N. J. The equipment was 
^d to be independent of interruptions 
in the a-c. supply at stations where it was 
installed, since it depends upon a small 
motor-generator set driven from the 
station battery. For this system five 
wires between stations are required, two 
being (W)mmon supply lines, one a syn¬ 
chronizing wire, one a control wire, and 
one an indication wire. 

Centralized Control Important in 
Railway Electrification 

The Pennsylvania Railroad in its 
electrification in and around Philadelphia 
has made use of two installations of 
supervisory control for the remote opera¬ 
tion of high-voltage a-c. step-down 
substetions supplying energy to its 
traction system. The equipment used 
and the system involved were described 
by C. P, West (M’28) of the Westing- 
house Electric & Manufacturing Com¬ 
pany, East Pittsburgh, and H. C. 
Griffith of the Pennsylvania Railroad 
Company, Philadelpliia, who stated that 
the normal practise of the railroad 
been to install substation conteol in 
signal towers adjacent to substation 
location, because most substations have 
been near 24-hr. signal towers. Condi¬ 
tions are changing, however, and the 
system is expanding beyond the normal 
operating radius of signal towers. The 
authors state that from the many advan¬ 
tages of centralized control, this method is 
destined to play an increasingly import 
taut part in future railroad electrification. 

Automatic Systems fob Accurate 
Combustion Control 

Since heat-power plants have increased 
so eimrmonsly in size, and combustion 
pra^ti^ reduced so nearly to an exact 
science, autoihntic combustion control 
has become an eoonomio necessity ac¬ 
cording to 0. H. Sanderson (P’18) and 
B. B. Ricketts of the New York Edison 
Company, who presented a joint paper 
deaeribing several of the more important 
automatic combustion control systems. 

The authors cited as being among the 


important advantages: (1) the uniform 
loading of all boiler units; (2) instant 
response to changes in load; (3) correct 
proportion of fuel and air supply at all 

times; and (4) a ready means of providing 
for safety in operation through sequence 
interlocking of auxiliary equipment. 


High-Voltage Cable Practise 
Continues to Advance 

In an Asheville session devoted ex¬ 
clusively to the subject of cables, the dis¬ 
cussions presented ranged aU the way 
from the most highly theoretical to the 
inost practical. Three research workers, 
four manufacturers, and one prominent 
operating man presented papers repre¬ 
senting their various fields of interest and 
thus contributed to a better general 
understanding of the subject. 

Results of still further study on the 
open question hinging on the influence of 
residual air upon cable insulation life, 
were presented in a paper by J. B. White- 
head (P’12) and P. Hamburger, Jr. 
(A*26) of Johns Hopkins University, 
Baltimore, Md.,—their third A. I. E. E, 
paper on that subject. As a result of 
their intensive investigation, the authors 
have concluded amoi^ other things that: 

1. The life of impr^noated pai>er 
increases steadily irith a decrease in the amount 
of residual air. 

2. For impregnating pressures above 2,6 
cm. the Ufe decreases rapidly with increasing 
pressure of impregnation. For pressures below 
2.5 cm. the results show an increase f life of 
from 10 to 60 per cent between 2.6 cm. add 
2 mm. impregnating pressure. - 

8. For impregnating pressures below 2.6 
cm., normal variations in material and structure, 
particularly in the tightness of the structure, 
may offset the Increased life due to decreasing 
the pressure of impregnation. 

4. Cable compound deteriorates If it con¬ 
tains only a small amount of air even though 
kept in sealed containers, at room temperature. 

To avoid deterioration air should be entirely 
excluded. 

6. Flat power4actbr voltage curves and the 
absolute value of power factor should uot be 
accepted as indications of loug life. 

6. Power-factor rise due to the initiiq appli- 
oatdon of voltage during a life test is indicated 
as a possible criterion of Insulation life. 

7. A very satisfactory type ot sample and a 
reenforced end for accelerated Ufe tests have 
been developed. 

8. Narrow variations in the quality of both 
paper and ofl may^eause wide dlfferenoes In the 
electrical characteristics and in tbe Uves of the 
impregnated products. 

EIECTKICAL SNCaNBERING 



Insulation Vabiability Limits 
Allowablb Opbbating Stresses 

M. C. Holmes (A*26) of West Virginia 
University, Morgantown, presented a 
paper desoribing a method of analyzing 
the effect of insulation variability in 
the determination of breakdown volt* 
ages and allowable operating stresses* 
He emphasized the necessity of consideiv 
ing the variability as well as the so-called 
strength of insulation and quoted terms 
of allowable operating stresses and failures 
in support of bis contentions. He de¬ 
veloped and discussed the application of a 
general equation, giving in terms of two 
parameters the breakdown voltage and 
the number of failures to be expected, the 
mean breakdown voltage, and the vari¬ 
ability of insulation. 

Oil-fflLed cables and accessories were 
described by R. W. Atkinson (F*28) and 
D. M, Simmons (F^28) of the General 
Cable Corp,, New York, N. Y., who 
defined the term *‘oil-filled** as being 
ordinarily understood to indicate a cable 
in which the compound is of such viscosity 
as to be fluid at all operating temperar 
tuxes. 

General theory and some of the out¬ 
standing characteristios of oil-filled cable 
practise were discussed in some detail by 
G. B. Shanklin (M’29) and F. H. Buller 
(M’29) of the General Electric Company, 
Schenectady, N. Y. 

Better Cables at Lower Costs 
Predicted 

An flluminating and fairly compre¬ 
hensive outline of economic high-voltage 
cable practise based upon extensive 
research and intensive practical applica¬ 
tion was given by D. W. Roper (P*14) 
of the Commonwealth Edison Company, 
Chicago. In illustrating the salient points 
of his discussion Mr. Roper presented 
numerous data and diagrams. He called 
upon utility companies to improve their 
standards of design and workmanship to 
keep pace with cable improvements 
effected by manufacturers. He stated 
definitely that in his opinion the present 
rate of improvement in the art of high- 
voltage cable practise would continue in 
succeeding years, and further in predic¬ 
tion sfdd that: 

1. Cables of aU types and voltages wl]l bo 
operated at maximum temperature of from 85 
to 90 deg. cent, 'vrithout fear of deterioration, 

B. Sxtenslye oil reservoirs and accessories on 
ofi-flUed cable idll be eliminated. 

8. An installation of ofl-illled cable vrill be no 
morecompUcat^thaiia present day installation 
of ordinary cable. 

4. Cable of subnormal quality will be eUml- 
nated by factory testa, 

5. Inttlal costs per kva. o? 66-kv. cable 
completely infitaDed wuii range from 30 to 40 
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per cent lower than the present cost of ordinary 
cable. 

6. Cable failures due to all causes will not 
exceed one per 100 mi. per year. 


Standardization of Units 
an International Problem 

Electrical unita, their modemiza- 
tion, international standardization, pre¬ 
cise determination, and proper applioa^ 
tion is a subject occupying a great deal of 
the time of many learned technologists 
throughout the world. Advancement in 
the art and science of electrical engineering 
has given rise to a rather concerted study 
of electrical units along the lines as just 
indicated, to say nothing of international 
effort to arrive at a logical and representa¬ 
tive nomenclature. Reflecting the im¬ 
portance and timeliness of the subject, 
the fourth session of the Asheville con¬ 
vention was devoted to a symposium of 
four papers on various phases of the 
subject. 

H. B. Brooks (F’31) of the Bureau of 
Standards, Washington, D, 0., treated at 
some length the unit of electrical resis¬ 
tance, going into its past history, and 
outlining impending changes. The author 
described the mercury ohm as having 
been so long legalized as a material 
standard of resistance that it is regarded 
widely as a permsinent institution of 
relatively precise proportions, but stated 
that practically it is obsolescent because 
of the technical difficulties attending its 
use. The author further characterized 
the mercury ohm as a necessary but 
expensive evil holding its place because 
formerly it could be reproduced more 
precisely than could the agreement be¬ 
tween the results of absolute determina¬ 
tions of the ohm. He concluded his 
presentation saying that the technique of 
absolute determination has improved 
until now it may be said to be at least 
on a par with the mercury ohm as to 
reproducibility. Consequently this method 
should be used to obviate the laborious 
and time-consuming effort of high grade 
men now going into repetitions of mercury 
ohm determinations. 

Standards Must Keep Pace with 
Advances in Equipment 

In a discussion of electrical units and 
their application, L. T. Robinson (F12) 
of the General Electric Company, 
Schenectady, N. Y., emphasized the 
necessity of providing for the advance¬ 
ment of precise definitionB and precision 
standards to keep pace with contemporary 


advances in equipment. In speaking of 
the importance of accurate measure¬ 
ments as far as scientific advance is 
concerned, he said '^progress and im¬ 
provement are made possible only to the 
extent that those interested in and work¬ 
ing along the line of developing and 
improving measuring methods and instru¬ 
ments are able to anticipate the needs of 
those interested in the development and 
operation of systems, devices, and 
apparatus.** 

Pertaining to thfi international stand¬ 
ard of electromotive force, and its low- 
temperature coefficient form, Marion 
Eppley (M*31) of the Eppley Research 
Laboratory, Newport, R. I., described at 
some length the great difficulty in achiev¬ 
ing the ph 3 ^icid conditions prescribed in 
the officially agreed upon fundamental 
definitions of certain electricid units. 
He described briefly several different 
types of so-called standard cells for 
reproducing physically a standard volt, 
discussing also various tests made on and 
the characteristics of the cells. He con¬ 
cluded definitely that his fifteen years of 
work on the cadmium cell have given him 
*'ever increasing confidence in its relia- 
bility»** even if it “is by no means fool- 
proof.** 

Laboratory Potentiometers 
Discussed in Detail 

Information pertaining to the design 
of d-c. laboratory type of potentiometers 
was given by I. M. Stein (M’27) of the 
Leeds & Northrop Company, Philad^ 
phia. The author treated his subject 
under the following ten headings: (1) 
early history; (2) factors affecting voltage 
range; (3) factors affecting potentiometer 
resistance; (4) low-voltage potentiometers; 
(fi) analysis of potentiometer errors; (6) 
s^-cheoking features of potentiometers; 
(7) galvanometer considerations; (8) 
comments on volt-boxes; (9) deflection 
potentiometers; (10) the potentiometer 
in industry. 


Research Problems Vi with 
Cooperative Education 

OoOPBRATIVE eduoationiil metiioda 
competed with transmission stability 
research problems for the attention of 
those attending the closing session of the 
summer convention. 

D. C. Jackson, Jr. (F*30) of the Univer¬ 
sity of Kansas, discussed in some detail 
the application of the cooperative method 
of instrootiou to engineering; schools and 
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polytechnic institutes. As constituting 
five important factors governing the 
application of the cooperative method to 
any given institution, the author con¬ 
sidered (1) the size, (2) geographical 
location, (3) type of location, (4) method 
of support, and (5) organization of the 
institution. He discussed various meth¬ 
ods of applying the cooperative plan and 
expressed the opinion that “no exact 
conclusion can he drawn concerning the 
general principles governing the installa¬ 
tion of the cooperative method at an 
institution since the controlling conditions 
^re so difierent in each case.” 

Factors Affecting the Extinction op 
Short A-C. Arcs 

The results of a study concerning the 
extinction of short a-c. ares were dis¬ 
cussed in a paper by T. E. Browne, Jr. 
of the Westinghouse Elec. & Mfg. Com¬ 
pany, East Pittsburgh, Pa. Mr. Browne’s 
findings as stated were: 

1. That the arc space recovers the ability to 
withstand 100 volts or more within a few micro¬ 
seconds after a current zero, as predicted by 
Slepian’s theory. 

2. That the maximum allowable rat§ of 
voltage rise across the arc space which will just 
permit arc extinction, is much greater for very 
short arcs (1 cm, or less) than for longer arcs. 

3. That the critical rate of voltage rise 
depends upon the electrode material and tends 
to vary as a decreasiag linear function of the 
boiling poiot of that material. 

4. That the higher-current arcs have a much 
lower critical rate of rise of voltage than the 
lower-current arc. 

Vacuum Tubes Score Again 

A corona-tube voltage regulator de¬ 
signed to accomplish, all of the functions 
of the ordinary vibrating type of regula¬ 
tor, and without the mechanical difficul¬ 
ties incident to the latter, was described 
by H. W. Dodge of the New Jersey Bell 
Telephone Company, and C. PI. Willis 
(M’28) of Princeton University. The 
authors presented and described a circuit 
wherein a corona tube is used to regulate 
the output of a full-wave rectifier, the 
rectifier in turn controlling the excitation 
of a generator to give constant voltage. 
They presented very attractive per¬ 
formance curves covering the appheation 
of the apparatus to a 5-kva. generator 
under varying load conditions. The 
authors characterized the regulator as 
employing the same methods of com¬ 
pounding and line-drop compensation 
now in use and expressed the belief that 
the simplicity, compactness, high sen¬ 
sitivity, and quick response of the regu¬ 
lator offered important advantages. 

Lightning Surges Cause Arcing 
Faults 

Experimental studies of arcing faults 
imposed on a typical 75-kv. transmission 


system were discussed in a paper pre¬ 
pared jointly by J. H. Eaton (A’27) of the 
Consumers Power Company, Jackson, 
Mich., J. K. Peck (A’27) of the National 
Electric Light Association, New York, 
and J. M. Dunham (A’31) of the Ameri¬ 
can Telephone and Telegraph Company, 
New York. High-voltage impulses simu¬ 
lating lightning were imposed upon an 
energized transmission line to cause 
fiashovers. As a result of their observa¬ 
tions the authors concluded that the 
probability of a lightning flashover caus¬ 
ing a power arc is increased when power 
current is flowing past the flashover point, 
when the normal frequency voltage is 
increased, or when the normal insulation 
is decreased. 

Effective are resistance was described 
as being approximated by the ratio of 
the peak voltage to the peak current, the 
apparent power factor of the arc current 
and voltage being practically unity in 
most cases. The tests showed that arcs 
formed in a capacitive circuit are more 
persistent than those in inductive or 
resistive circuits, and indicated an average 
peak of about 300 volts per foot of arc 
length, for currents of about 100 amperes 
or more. Regarding system overvoltages 
arising from arcing grounds, the authors 
concluded the maximum to be approxi¬ 
mately three times normal peak voltage 
from line to ground, and that it occurs 
on a sound phase and most frequently 
during the first cycle of the fault. 


Minutes of Annual Meeting 
Held at Asheville June 22 

The annual meeting of the American 
Institnte of Electrical Engineers was 
held at the Grove Park Inn, AsheviUo, 
N. C., as the opening session of the annual 
summer convention, Monday morning, 
June 22, 1931. President W. S. Lee 
presided. 

The annual report of the board of 
directors was presented in abstract by 
F. L. Hutchinson, national secretary. 
Printed copies were distributed to mem¬ 
bers in attendance and are available to 
any member upon application to Insti¬ 
tute headquarters, New York. The 
report, which constitutes a resume of 
the activities of the Institute during 
the fiscal year ending April 30, 1931, 
shows a total membership on that date 
of 18,334. In addition to the three na¬ 
tional conventions and five District 
meetings, 1,628 meetings were held 
during the year by the local organizations 
of the Institnte in the principal cities and 
educational institutions in the United 
States, Canada, and Mexico. The report 


will appear in full in the Quarterly 
Transactions of the Institute. 

The report of the committee of tellers 
on the election of officers of the Institute 
was presented, and in accordance there¬ 
with President Lee declared tbe election 
of the following members, taking office 
August 1,1931: 

President: 

O. E. Skinner (F’12), assistant director of 
engineering, Westinghouse Electric & Mfg. 
Company. East Pittsburgh, Pa. 

Vice-Presidehis: 

W. B. Kouwonhoven (M’22), professor of 
electrical engineering, assistant dean of the 
Engineering School, Johns Hopkins University, 
Baltimore, Md. 

W. E. Freeman (M’27), head, department of 
electrical engineering, assistant dean of College 
of Engineering, LTniversity of Kentucky, 
Lexington, Ky. 

Paul H. Patton (M’25), tolophono engineer, 
Northwestern Boll Telephone Company, Omaha, 
Neb. 

A. W. Copley (F’2G), ongincoring manager, 
Pacific Coast district, Westinghouse Electric & 
Mfg. Company, San ^’’rancisco, Calif. 

L. B. Chubbuck (M’20), switching equipment 
engineer, Canadian Westinghouse Company, 
Ltd., Hamilton, Ont. 

Directors: 

L. W. Chubb (F’21). director of Westinghouse 
Research Laboratories, Westinghouse Electric 
& Mfg. Company, East Pittsburgh, Pa, 

B. D. Hull (M’26), onglnoor, Southwestern 
Bell Telephone Company, Dallas, Tex. 

H. R. Woodrow (F’23), electrical engineer, 
Brooklyn Edison Company, Inc., Brooklyn, 
N.Y. 

National Treasurer: 

W. I. Slichter (F’12 and national treasurer), 
professor of electrical engineering, Columbia 
University, New York, N. Y. 

(These officers, togoilior with the 
following hold-over officers, will consti¬ 
tute tbe board of directors for the next 
administrative year, beginning August 1: 
W. S. Lee (retiring president), Charlotte, 
N. C.; Harold B. Smith (F’13 and past- 
president), Princeton, Mass.; H. V. 
Carpenter (F’lS and vice-president), 
Pullman, Wash.; G. C. Shaad (F’lS and 
vice-president), Lawrence, Kans.; I. E. 
Moultrop (F'29 and vice-president), 
Boston, Mass.; H. P. Charlesworth 
(F’28 and vice-president), New York, 
N.Y.; T. N. Lacy (M’24 and vice- 
president), Detroit, Mich.; J. Allen 
Johnson (F’27), Buffalo, N. Y.; A. M. 
MacCutcheon (F’26), Cleveland, Ohio; 
A. E. Bettis (P’26), Kansas City, Mo. 
(terms expire July 31, 1932); J. E. 
Kearns, Chicago, Ill.; F. W. Peek, Jr., 
Pittsfield, Mass.; C. E. Stephens, New 
York, N. Y. (terms expire July 31,1933); 
A. B. Cooper (M’16), Toronto, Out.; 
A. E. Knowlton (F’30) and R. H. 
Tapscobt (P’29), New York, N. Y. (terms 
expire July 31,1934). 

President Lee then congratulated Presi¬ 
dent-elect Skinner (F’12) upon his 
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electioE and presented him with the 
president’s badge. Mr. Skinner re¬ 
sponded with a brief address, which was 
enthusiastically received. 

The report of the committee on award 
of Institute prizes, as published in the 
June 1931 issue of Electrical Engineer¬ 
ing (p. 448) was read by A. E. Knowlton, 
chairman of the oommittee of award, 
after which the prizes were presented by 
President Lee. 

The Lamme medal for 1930, which, 
as announced in the March 1931 issue of 
Electrical Enqineeiuno (p. 230), had 
been awarded to W. J. Poster (P'16), of 
Schenectady, N. Y., was presented. 

The annual presidential address was 
then delivered by President Lee, the 
subject being ** Coordination—the Es¬ 
sence of Modern Engineering.” (This 
address is published in full on p* 512 
of this issue.) 

Adjourned. 

(Signed) P. L. Hutchinson, 
National Secretary 


'mo's Who 
in Engineering" 

Engineers listed in the forthcoming 
edition of *‘Who’s Who in Engineering” 
shortly will receive notification of the 
page upon which their listing occurs. 

The publishers emphasize the fact that 
volumes of this compendium of engineer¬ 
ing biographies will be available only to 
those placing reservations prior to publi¬ 
cation, and urge prompt action on the 
part of any persons wishing to acquire 
the book. 


Institute Policy 

C mmittee Appointed 

At the May 19, 1931 meeting of the 
Institute’s board of directors the question 
was raised —should the Institute, with the 
object of enhancing the statue of the engi¬ 
neering profession, devote more of its 
resources to non-technical activities, such, 
for example, os Ugislaiion, education, and 
the economic welfare of the engineer? 

The following resolution was adopted: 

**BimoLYSD: Tbat theprestdent be authorized 
to appoint a special committee on Institute 
policies for the purpose of studying the present 
MtiA any proposed future activities of the Insti- 
tote: this c»mmittee‘*to invite and consider 
from any member, officer, or com¬ 


mittee. and to make definite recommendations 
to this board regarding modifications of present 
activities and plans for any additional fields of 
work that th committee may deem defdrable.** 

In accordance with this action, Presi¬ 
dent Lee appointed the following com¬ 
mittee: 

Chairman, €• Stephens (M’22) (vice- 
president and northeastern district manager, 
Westinghouse Electric St Manufacturing Com¬ 
pany, New York, N. Y.) director; present chair- 
’ ma.li of finance oommittee; member, committee 
on coordination of Institute activities, ezecurive 
oommittee, U. S. Nation^ committee of the 
I. E. O., and the assembly of American Engi¬ 
neering Ooimcil. 

Vloe-Chairman, H* A. Kidder (F’20) 
(superintendent of motive power, Interborough 
Rapid Transit Company, New York, N. Y.) 
past-vice-president; present chairman, commit¬ 
tee on engineering profession; member, board 
of examiners, law committee, assembly of 
American Engineering Connell, and boaM of 
trustees of United Engineering Trustees, Inc. 

H. P. Chsricsworth (P*28) (vice-president 
Bell Telephone Laboratories, Inc., New York, 
N. Y.) vice-president New York City District; 
past-diairman, meetings and papers committee: 
chairman, coinmittee on coordination of Insti¬ 
tute activities: member, Edison medal, engi¬ 
neering profession, finance, Lamme medal, 
meetings and papers, and publication commit¬ 
tees, and board of trustees of United Engineer¬ 
ing Trustees, Inc. 

F. L, Hutchinson (M’13) (national seoro- 
tary. A. I. E. B.) member, committee on coordi¬ 
nation of Institute activities. Edison medal, and 
pubUoation committees, assembly of American 
Engineering Ooimdl, engineering societies 
library board. 

I. A. lohnson (F'27) (chief electrical engi¬ 
neer Buffalo, NiagM*a & Eastern Power Cor¬ 
poration, Buffalo, N. Y.) director; present 
chairmani membership committee;* member, 
Edison medal, executive, electrical machinery, 
and research committees. 

E. S. Lee (E*30) (assistant engineer General 
Electric Laboratory, Schenectady, N. Y.) 
present dmirman. Sections committee; mem¬ 
ber, oommittee on coordination of Institute 
activities, and instruments and measurements 
committee. 

E. B. Meyer (F*27) (vice-president United 
Engineers Sc Constructors. Inc., Newark, N. J.) 
director: past-chairman, meetings and papers, 
and finance committees: present chairman, law 
committee; member, committee on coordination 
of Institute activitieB. Edison medal, finance, 
publication, and power generation committees. 

W. S. Rodman (F'28) (professor of electrioia 
engineering, University of Virginia) vice-presi¬ 
dent, Southern Dirtrict; student Branch 
counselor; member, Sections and electrophysics 
committees, education research committee of 
Engineering Foundation, and assembly of 
American Engineering Counefi. 

C- F. Scott (F’25 HM’29) (head of depart¬ 
ment of electrical engineering Yale University), 
past-president; chairman, development oom- 
mittee 1919; member, Lamme medal, standards 
and student Branches committees, assembly of 
American Engineering Oouncil: past-member, 
many other Institute committees. 

This committee held its first meeting 
June 8 at Institute headquarters and 
direoted that through this notice in 
Electrical Engineering the member¬ 
ship be invited and urged to submit 
through the national secretary any sug¬ 


gestions or criticisms relating to the 
present activities of the Institute; also 
regarding any additional activities which 
individual m mbers may deem desirable. 


A.JJressiet9 W^amleJf 


A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

OoLLtNOT, Marobii A., 88 Sherman Ave,. 
Newark, N. J. 

OoLV, WiiiL G., Box 222, Westwood, Oalif. 
OoBBivaAx. F. M., (jeueral Electric Oo.. 
Schenectady, N. Y. 

Falk, Viotob E.. 2422 Euclid Ave., (nevelaud. 
Ohio. 

Fylbb, Gbobqb W., Y. M. O. A., Schenectady, 
N.Y. 

MoDobald, I. M., 772 Pollokshaws Road, 
Glasgow, Scotland. 

Nubbb. Fbakk j., 3831 Rokoby St., Chicago, 

Bl. 

O’Shba, V.. Jb„ 116 Broadway, New York, 
N. Y. 

Sullivan, John E., 6320 Kemnore Ave., 
Chicago, m. 

Tuno, 0. T., c/o Stone Sc Webster Bngg. Corp.. 
Hopewell, Va. 



F. M. Feilcer Appointed 
Commerce Director 

The appointment of Frederick M. 
Feikbr (M’15) managing director of 
the Associated Business Papers, Ine., 
New York, N. Y., to the office of director 
of the Bureau of Foreign and Domestic 
Commerce was announced May 29,1931, 
by President Hoover. Mr. Feiker 
succeeds W. L. Cooper who is with¬ 
drawing to resume his former duties 
as commercial attachd at London, 
England. 

Bom at Northampton, Mass., Mr. 
Feiker received Ms degree of B. S. in 
B. E. from Worcester Polytechnic Insti* 
tute, Worcester, Mass., in 1904. He 
has served as editor of Factory Magazine 
and Electrical World; chairman of the 
editorial board of System and Factory; 
and vice-president of the McGraw-Hill 
Publishing Company, Inc., New York, 
N. Y. During 1920-21 he was Acting 
Assistant Secretary of Commerce and 
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served in the various capacities. Besides 
having been a member of the Institute 
for almost two decades, Mr. Feiker holds 
an active membership in the 
Society of Medumieal Engineers and the 
Hh i Tniu a t i ng Engineering Society. 


Habold B. Surra (P’13) past-president 
of the Institute and for many years head 
of the department of electrical engineering 
Worcester Polytechnic Institute, Worces¬ 
ter, Mass., resigned his educational 
there effMtive June 1931, As one well 
known in engineering and education 
Dr. Si^& always has carried forth a 
multiplicity of duties in these fields. His 
share in Institute activitiae has been 
bundantly represented by service on 
several of its committees simnltaneously, 
including: law 1920-21; electrolysis and 
student branches 1920-27; instruments 
and measurements 1921-^; educational 
1922-27; sections 1922-28; Edison Medal 
192*.26, 1929-30, 1930u31; research, co¬ 
ordination of Institute activities, and 
mwt^ and papers 1924-27; code of 
principles for professional conduct 1928- 
29; eseeutive 1929-31; and public pohcy 
1930-31. He was appointed also to the 
Jolm Fntz Medal board of award for 
192d-33r the XJ* S, national oommittee of 
the L B. 0., the Chas. A. Coflftn Fellow¬ 
ship & Research Fund committee 192d-30, 
and the American Engineering Counoii 
1930^1. It is his hope to resume 
professional practise. 


F. V. Maqai;,haibs (F'19) who left 
New ^ York and his office as general 
su^rintendent of distribution and iostal- 
l&tion. New York Edison Company, to 
^come vice-president of the Hall Electric 
Heai^ Company, Ino., now has been 
i^pointed general manager of his oom- 
^ addition to his duties as vioe- 
^sident. His professional career has 
been a biwy one; during the past year 
he was vice-chairman of the Institute's 
oommittee on safety codes, an alternate 
wpresentative for the Institute in the 
National Fire Protection 'Association 
(^^oal department) and on the 
N tional Fire Waste Council; also a 
member of special subcommittee of the 
st^dards committee dealing with reac¬ 
tive power* The year previous he served 
at various times as a member of the 
Institotefs board of examiners and the 
meet^ aad papers committee; was 
member and chairman of the A. L B. B, 
committee on instruments and measure¬ 
ment. For several years was one of the 
^titute> representatives to U. S 
National cpmmittee of the International 
Flectroteohnical Committee; 


^ H. L, Wills (A’20) inductive coordina¬ 
tion expert as assistant to the vice- 
president and general manager of the 
Georgia Power Company, Atlimta, Ga., 
now has established a consulting engi¬ 
neering practise of his own, specializing 
in adjustment of relations be^een 
telephone, telegraph, railway signal, and 
automatic train control systems, including 
problems of electrolysis and r^o inter¬ 
ference. Mr. Wills was chairman of the 
Institute's Atlanta Section in 1921 and 
1928, and has rendered much valuable 
service to the Natdonal Electrio Light 
Association as a member of its inductive 
coordination committee (1923-27); chair¬ 
man (192S.29). Mr. Wills has been 
active also in the association's joint 
operations with the Bell Telephone 
S3rst6m (joint subcommittee on develop¬ 
ment and reswch, 1926-31) and with the 
American Railway Association's subcom¬ 
mittee on principles and practises 
(1929-31). 


F. M. Dbnton (F'28) head of the 
department and profassor of electrical 
engineering, University of Mexico, Albu¬ 
querque, N. M, has been awarded fellow¬ 
ship in the City and Guilds of London 
Lisritute, the highest distinction that 
institute confers. Only eleven of its 
mveral thousand graduates since the 
inauguration of its Fellow in B. B. degree 
have received it; it was awarded to 
Mr. Denton as one **of a limited number 
of Associates (ACGI) with not less 
five years of actual practise and having 
contributed to advancement of the indus- 
tay." The City and GuUds College 
(School of the University of London) is 
saad to be the foremoi^ of engineering 
schools In the British Empire* 


D» Lbvinobr (M'39) engineer of manu¬ 
facture, Western Electric Company, 
woently was elected one of its directors, 
the youngest member of the company's 
board. Already he has served the com¬ 
pany for 21 years and now as its engineer 
of manufacture heads a large force of 
trained engineers and scientists. He is a 
member of the Institute of Mming and 
Metallurgical Engineers, and has served 
three years upon ite research committee; 
he also is a member of the American 
Society of Mechanical Engineers, the 
American Society for Steel Treating, and 
the American Association for the Ad¬ 
vancement of Science. 


R. F. Pace (M'12) recently elected 
president of the Northern States Power 
Company has been identified with the 
electrical industry sinoe 1891 when he 


wagaged as office boy with the Toronto 
Electric Light Company. He was in¬ 
strumental in the affiliation between the 
Canaan Electrical Assooi tion and the 
National Electrio Light Association in 
the affairs of which he has always re¬ 
mained active. He worked with B. 
Gherardi (P'12 and past-president) vice- 
president of the A. T. & T., in improving 
harmonious relations between these two 
great industries. 


T. H. CMaa (M’21) who has boon 
affllia^ with the Philadelphia Rapid 
Iteinsit CompaDy as speoial engineer, on 
June 1, 1931, opened his own consulting 
offices at the same address, 1600 Walnut 
Street, Philadelphia, Pa. In the past, 
Mr. Clegg's work has been of a confi¬ 
dential nature appertaining to power 
investigations, and to the operation and 
management of power plants. For the 
past three years he has served the 
American Electric Railways Association 
on committees dealing with power con¬ 
tracts and mercury-arc rectifiers. 


C. E. Skinnbr (F12) assistant director 
of engineering, Westinghouse Electric & 
Mfg. Company, East Kttsburgh, Pa., 
upon June 8, 1931, received the Lamme 
Medal ^uaUy awarded by Ohio State 
University to an alumnus ‘'for meritori¬ 
ous achievement in engiueering or the 
technical arts." Mr. Skinner has done 
much conspicuous professional work in 
many fields of electrical application. He 
has served the American Society of Test- 
^ Materials (1917-18). the Engineering 
Counoil (1917-19), and American Engi¬ 
neering Council (since 1923). 


W. R. WmTNBT (A'Ol) vice-president 
and director of the research laboratory. 
General Electric Company, Schenectady, 
N. Y., was awarded the Franklin Medal of 
the Franklin Institute May 20, 1931. 
The award, which this year took place at 
Philadelphia, is made annually to "work¬ 
ers in physical science or technology 
without regwd to country, whose efforts 
in the opinion of the administering 
oommittee on sdenoe and arts, have done 
most to advance a knowledge of physical 
science or its application." 


JbSBPH O; Phblon (M'13) for 44 years 
identified with the Worcester Po]yte<fi]nio 
Listitute, Worcester, Mass., retired from 
the office of professor of electrical engi- 
ucering June 1931. For several years 
after his gradtiation from that Institute, 
he taught in its physic depaiTcment, but 
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in 1896 he was transferred to the newly 
formed department of electrical engineer¬ 
ing where he has senred as full professor 
since 1907 and as head of the department 
in 1911-13. He now plans to make Cali¬ 
fornia his place of residence. 


W. S. Gipfobd (A’16) president, 
American Telephone & Telegraph Com¬ 
pany, New York, N. Y. has been elected 
a member of the board of trustees of 
Cooper Union, New York City, to succeed 
Thomas Snell, deceased. This continues 
a tradition of service to Cooper Union by 
men in the forefront of industry and 
public affairs. 


W. F. Fenninobb (M*22) who has been 
serving as supervisor of electric courses 
at the Rochester (N. Y.) Mechanics Insti¬ 
tute, is now state supervisor of technical 
and cooperative education, with head¬ 
quarters at Albany. In this capacity he 
visits the several high schools in which 
technical courses are given offering sug¬ 
gestions to bring them up to State 
standards or for maintaining these stand¬ 
ards if already achieved. 


M. K. McGbath (M*27) who has been 
serving as vice-president of the Inter¬ 
national Telephone & Telegraph Corpo¬ 
ration, Aldwych, London, W. C. 2, 
England, left there June 6, 1931, to take 
up residence in America. His address for 
the present will be in care of the Inter¬ 
national Telephone & Telegraph Corpo¬ 
ration, New York, N. Y. 


L, C. Abmitage (A’28) who has been 
industrial heating engineer for the 
General Electric Company, Schenectady, 
N. Y. has now become designing engineer 
for the Ajax Electric Company, Inc., at 
Philadelphia, Pa. where his principal 
work will be the design and development 
of a variable temperature electric decorat¬ 
ing kiln. 


R. D. Bean (A’21) formerly manager 
of the engineering development depart¬ 
ment of The Brown Instrument Com¬ 
pany, Philadelphia, has been made chief 
engineer of that company. Mr. Bean’s 
extensive ffeld investigations cover many 
applications of measuring instruments. 

F. J. Aikby (A* 19) division manager 
of the General Electric Supply Cor¬ 
poration at Los Angeles, Calif., has 
been elected chairman of the National 
Electric Wholesalers’ Association. He 
has been 42 years in the business of 
electrical merchandising. 
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B. L. Robertson (A’26) assistant 
professor of electrical engineering, Penn¬ 
sylvania State College, State College, 
Pa., has left the East to enter the depart¬ 
ment of electrical engineering of the 
University of Califomia at Berkeley, 
Cidif. 


H. C. WoLPB (A*28) recently has become 
associated with the Empire Industries, 
Ino., Cleveland, Ohio, as its president. His 
work with the company will be the 
development of industrial application of 
chromium plate for engine parts, turbine 
blades, molds, and various tools and dies. 


R. D. MoCabteb (M’09) who has been 
doing a consulting engineering business 
in New York City, has joined the Euro¬ 
pean Gas & Electrio Company, Aldwych, 
London, W. 0.2, England. 




H. Eugene Chubbugk (F’13) retired 
operating head of the Illinois Traction 
System, Inc., whose name is closely 
linked with the story of electricity and its 
application, died June 4, 1931 in Peoria, 
Illinois, after an extended illness. He 
was* bom in Utica, New York, and edu¬ 
cated in the public schools of that city 
supplemented by one year at Whitestown 
Seminary and later a special course in 
chemistry and physios. In 1880 he 
returned to Whitestown as instructor In 
these subjects. He devoted the years 
1881-1888 to shop practise in telegraph 
and philosophiotd instruments, the last 
year for the greater part being spent on 
electrio lighting and testing machinery. 
In 1883 he engaged with the Thomson 
Houston Company as an expert and 
installed the first lighting plant at Paw¬ 
tucket, R. I. The Narragausett Electric 
Company of Providence, R. I. next 
appointed him as its electrical engineer, 
a service occupying him for one -year, 
and terminating in his return to special 
expert and construction work for Thom¬ 
son Houston. In 1898 he joined the 
General Electric Company for special 
work and was given charge of its sales 
ofiices at Salt Lidce City. He was the 
son of A. S* Chubbuek and grandson of 

S. W. Chubbuek, both well known to the 
profession for establishing the manufac¬ 
ture of telegraph machinery, and the 
building of some of the first instruments 
used. Mr. Chubbuek joined the Institute 
as an Associate four years after its or- 
gamzation, when the grade of Associate 
was the compulsory initial grade. 


T. H. U. Aldridge (P’l8) vice- 
president and general manager of the 
Shanghai Power Company, Shanghai, 
China, died suddenly on the 10th of 
May, 1931. A native of London, En¬ 
gland (1874), his residence in China dates 
hack to 1001 when he accepted appoint¬ 
ment as municipal electrical engineer to 
the International Municipal Council of 
Shanghai. By the end of 1916 his staff 
had increased from three Europeans and 
120 Chinese to 76 Europeans and 1,099 
Chinese. As engineer-in-obief and mana¬ 
ger of the municipal electricity depart¬ 
ment Mr. AldricUre was directly responsible 
to the electricity committee for both 
technieal and commercial direction of 
undertaking as well as matters involving 
finance. He was responsible also for the 
general design and layout of two large 
power stations including all essentials of 
a central station light, heat, and power 
system. During his regime the system 
was converted from single-phase, 100- 
cyole, 2,000-volt generation and distribu¬ 
tion to a modem 50-cycle system. The 
ftnnue.1 report of the Shanghai Municipal 
Council’s electricity department (1917) 
attests the success of his undertakings. 


Oarltle Ejttredge (F’22) assistant 
to the vice-president of the Michigan 
Bell Telephone Company, Detroit, Mich., 
and for many years its chief engineer, 
died in the Harper Hospital that city 
May 23, 1931, the result of an operation 
for acute appendicitis. He was bom at 
Mason, Mich., July 19, 1874. As past- 
chairman of the Institute’s Detroit-Ann 
Arbor Section (1921) he has been specially 
active for its interests. He also was a 
member of the Detroit Engineering 
Society. In 1897 he was graduated from 
the University of Michigan with the 
degree of B. S. in E. E., and two years 
later joined the Electric Light & Power 
Company, Van Wert, Ohio, as its super¬ 
intendent. In 1900 he engaged with the 
Central Union Telephone Company, 
doing special inspection work in Ohio, 
Indiana, and Illinois, ultimately be¬ 
coming ctssistant chief engineer. On 
August 15, 1911, he joined the Michigan 
State Telephone Company as plant engi¬ 
neer, a position which he held until 1920 
when he became chief engineer. At the 
time of Ms death he was secretary of the 
Wolverine section of the Telephone 
Pioneers of America. 


Jat L. Stannard (M’29) oMef engi¬ 
neer of the department of public utilities. 
City of Tacoma, Washington, died 
March 13, 1931 having been ill less than 
a month. He was a native of Chit- 
tenango, N. Y. (1866); after two years in 
common and high school at Shell Rook, 
Iowa, he spent two years at Cornell 
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College, Mount Vernon, Iowa. Until 
1SS7 his time was occupied chiefly with a 
civil engineering practise. For the next 
ten years he acted as engineer for the con¬ 
tractor on several of the power and 
lighting projects of the Pacific Coast. 
Prior to his arrival in Tacoma (1923) Mr. 
Stannard had been identified with many 
irrigation, water works, and power plant 
developments along the Pacific Coast; 
the Grant Smith Company project in 
California, the Cedar River plant at 
Seattle, and the Bull Run plant at Port¬ 
land. Prom 1912 to 1919 he was consult¬ 
ing engineer for the North Coast Power 
Company in Portland. At the time of his 
death he was serving his second term as 
president of the Tacoma Section of the 
American Society of Civil Engineers, 
which he had been instrumental in estab- 
lishing. 


William F. Callahan (A’23) engi¬ 
neering assistant, Western Union Tele¬ 
graph Company, New York, N. Y., died 
May 31, 1931, at the age of forty. After 
the^ completion of studies in machine 
design, manual training and applied elec¬ 
tricity at Pratt Institute, his first business 
connection (1910) was when he joined the 
Western Electric Company, New York, 
with which he remained as machine hand 
and inspector until 1913; then he became 
di'aftsman of Bramhall Deane & Com¬ 
pany, Brooklyn, N. Y. In March 1914 
he engaged with the Western Union 
Telegraph Company, New York City, 
spending three years as draftsman, 
followed almost immediately by appoint¬ 
ment as engineering assistant, the posi¬ 
tion he held until his death. Mr. 
Callahan belonged to the Institute’s New 
York Section, in which he was active. 


Mr. Alexander, winner of first prize 
recently has won a Tan Beta Pi scholar¬ 
ship for $750 and a $500 tuition scholar¬ 
ship from the Massachusetts Institute of 
Technology. In his freshman year he 
received a $1,000 prize offered for the 
best paper by the American Chemical 
Society. 

The following names of officers of the 
Oklahoma City Section for next year were 
announced: C, T. Almquist (A’28) 
associate professor of electrical engi¬ 
neering, University of Oklahoma, chair¬ 
man; A. Naeter (M’30) head electrical 
engineering department, Oklahoma A. & 
M. College, vice-chairman; and C. E. 
Bathe (A’29), superintendent of radio 
and standards, Oklahoma Gas & Electric 
Co., secretary-treasurer. 


Local 


Utah Section 
and Branch Meet 


Ohoicb of Pethoiuum Pump Station 
Equipment, by V. J. Sittel, Oldahoma A & M 
College, 


Section and Branch 
Join in Meeting at Cincinnati 

^ The annual joint meeting of the Cin¬ 
cinnati Section and the University of 
Cincinnati Branch was hold at the uni¬ 
versity on May 14, with an attendance 
of 80; the preceding dinner was attended 
by 38. 

The following program was presented 
by seniors in electrical engineering: 


The Utah Section and the University 
of Utah Branch held their annual joint 
meeting for the presentation of a student 
program on May 18. This was the last 
meeting of the Section for the present 
administrative year. 

The following papers were presented by 
students: 


Keying of Oontinttous-Wave Trans¬ 
mitters, by M. K. Jolmson and L. K. Irvine. 

Illumination of the University Campus, 
by L. D. Scliroder and J. O. Carlston. 

Stroboscopic Effects with Neon Glow 
Tubbs, by Courtney Campbell. 

Investigation op the Acoustics op Kinq- 
BURY Hall, by Ered Limdberg and F. M. Neal. 


Oklahoma City Section 
Meets with Branches 

The annual joint meeting of the Okla¬ 
homa City Section and the student 
Branches at the University of Oklahoma 
and the Oklahoma A. & M. College was 
held at the latter school on May 18, 1931. 
During the morning program students of 
the two schools presented the following 
technical papers: 


Factors Determining the Rating of 
Undbrgrounb Cables, by Wm. M Achgill 
A. B. Bartow, T. A. Bloss. University of 
Oklahoma (presented by Wm, M. Achgill), 

(Rounds and Methods of Testing Them 
by Hubert I. Short, Oklahoma A. & M. College! 

System Solution by the Method of Sym¬ 
metrical Components, by R. J. Thompson 
Umversity of Oklahoma. 

Thyratron Tube and Its Recent Applica¬ 
tions. by W. E. Nichols, Oklahoma A & M 
College. 


Radio Field Intensity Survey, by G. S 

Hammonds, University of Oklahoma.’ 


Transmission Lines: Generator-End Re¬ 
quirements VERSUS Load Constants, by 
F. H. Foster, Oklahoma A. & M. College. 
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Superposition of Currents in Calculatin 
Loop and Network Circuits, by S. Alexandei 
University of Oklahoma. 


The program was followed by a 
luncheon (attended by about 115) and 
the inspection of engineering laboratories. 

At an afternoon session authors of 
three papers were awarded prizes as 
follows: 

First prize ($15) S. Alexander, Uni¬ 
versity of Oklahoma 

Second prize ($10) Waldo E. Nichols, 
Oklahoma A. & M. College 

Third prize ($5) Hubert I. Short, 
Oklahoma A. & M. College 


Choke-Coil Design, by D. T. Michael. 

Study of a Spot Welder, by F. F. Osterholz. 

Study of a SOO-Cycle Generator, by G. H 
Pettibone. 

Experimental Study of Means of Lessen¬ 
ing Static in Receiving Sets, by G. E. Platts. 

Speed Control of a D-O. Motor, by R. M 
Seitz. 

Pitting in Telephone Relay Contacts, by 
Henry Suter. . 


Baltimore Section 
Awards Prizes 

_ Each alternate year the Baltimore Sec¬ 
tion has a prize paper meeting. For the 
contest this year six papers, were sub¬ 
mitted for three of which the following 
prizes were awarded at this meeting: 

First prize; ($25)—W. P. Taylor. Consoli¬ 
dated Gas Electric Light and Power Company. 
Locating Power Cable Faults by Means 
OF A Constant Current Transformer with 
Short Circuiting Switch. 

Second prize: ($15)—L. J. Berherlch. gradu¬ 
ate student, Johns Hopldns University, A 
Method for Measuring the Phase Angles 
OF Shielded Resistors. 

Thii’d prize: ($10)—G. M, L. Sommerman, 
graduate student. Johns Hopkins University, 
The Spark Discharge in Air. 
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The speakers were invited to an execu¬ 
tive dinner preceding the regular meeting. 
The following officers were elected for 
the year 1931-32; chainnan K. A. 
Hawley (M*12) cMef engineer Locke 
Insulator Corporation; vice-ehairman 
L. G. Smith (M’25) assistant to general 
superintendent, Consolidated Gas Blee- 
tric Light & Power Corporation; secretary- 
treasurer J. Wells (A*27) development 
manager Western Electric Company. 


Faraday Discoveries 
Celebrated at Lehijh University 

In honor of the centennial of Faraday’s 
discovery of electromagnetic induction, 
engineering students at LehighUniversitys 
Bethlehem, Pa., under the leadership of 
the local student Branch of the Institute, 
held a special joint meeting April 29,1931. 
Members of the several engineering 
societies at Lehigh presented papers 
descriptive of different phases of Fara¬ 
day’s scientiffc work and staged apparatus 
demonstrations designed to commemorate 
Faraday’s more important discoveries. 

Eight students cooperated in the 
preparation and presentation of ffve 
papers as follows: 

1. Fabaoat thm Man, by F. W. Matobett, 
M. B. '31. 

2. COMTBlBtJTIOK TO OSOBIIISTBT, by B. O. 

Saiith, Ohem. *31 and L. S. Mflldot, Ohem. *31. 

3. CONTBIBXJTION TO. MlTALLUBGT, by 

W. H. Wagner, Met. B. *31 and J. 8. Harrison, 
Met. B. *81. 

4. Blsotromaonbtio Inoootxon, by B. B. 
Snyder, B. B. *31 and L. B. Wanner, B. B. *31. 

3. Obtics, by D. L. MacAdam, Bngg. 
Pl^Fsies *32. 

. PouSl 

S^ecdUon ]Meelin0si 


Akron 

8pHB EBOunDBBiKo Fbatubss xn Con- 
NBonoK WITH Hbavy Constbtjotion, by 
W. S. Lee, president, A. I. E. E. lUus- 
trated by several reels of motion pic¬ 
tures. Dinner meeting. Election of 
officers for 1931-32: B. Krammes, 
ehairman; B. A. Hudson, secretary; P, C. 
Smith, treasurer. May 22. Attendance 
60. • 


Boston 

Annual meetmg and election of follow¬ 
ing officers: C. A. Comey, ehairman; 
F. D. Halloek, vice-chairman; G. J. 
Crowdes, secretary-treasurer. Motion 
pictures and other entertainment remain¬ 
der of the evening. May 14. Atten¬ 
dance 121. 

Cincinnati 

W. Weftendorp, General Electric CJom- 
pany, spoke on the study of the light 
penetration and its deteotion through fog. 
A representative of the Army Air Corps 
of Dayton outlined Army preparedness 
plans with partioular reference to obtain¬ 
ing materials and oonstruotion for air¬ 
planes. Dinner preceded the meetmg. 
May 5. Attendance 260. 

Annual golf tournament and dinner 
preceded the evening meeting at which 
Prof. F. H. Bird, University of Cincinnati, 
spoke on Egonomio Phases op City 
Dbvjdlopmbnt. Election of officers: E. S 
Fields, chairman; J. A. Noertker, secre¬ 
tary-treasurer. June 4. Attendanoe 46. 

Connccticnt 

Annusd outing and dinner dance. May 
23. Attendance 115. 

Dallas 

Lead Stobaoe Battbhies and the 
Fundaiicental Pbinciples of Battery 
Operation and Maintenance, by W. B. 
Dnnn, Eleotrio Storage Battery Company. 
Election of, officers: Gibbs A. Dyer, 
chairman; S. M. Sharp, secretary-trea¬ 
surer. May 25. Attendance 104. 

Denver 

Bxisiness meetmg. May 12. Atten¬ 
dance 17. 

Detroit-Ann Arbor 

The Elbotrioal Industry and Elec¬ 
trical Bnginebring in Soviet Bussia, 
by A. Dovjikov, Westinghouse Elec. & 
Mfg. Company. Prior to this talk many 
members inspected the Moore’s Park 
station of the City of Lansing. May 19. 
Attendanoe 200. 

Erie 

Vacuum Tudeb, by A, W. Hull, 
General Electric Company. Election of 
officers: P. B. Urich, chairman; C. V, 
Boberts, secretary. May 19. Atten¬ 
dance 83. 


Houston 

Storage Batteries, by W. E. Dunn, 
Eleotrio Storage Batt^ Company. J.S. 
Waters elected secretary. May 26. At¬ 
tendance 15. 

Indlanapolis-Lafayette 

Vacuto-Tubid Control, by S. D. 
Fendley, General EleoMc Company. 
May 15. Attendance 94. 


Iowa 

Bailroad Electrification Develop¬ 
ments IN America and Abroad, by 
F. W, Peters, General Electric Company. 
Joint meeting with the Des Moines 
Engineers Club and the Des Moines 
Architects Club. Election of officers: 
H. B. Hoffhaus, chairman; E. W. Schil¬ 
ling, secretary-treasurer. May 14. At¬ 
tendanoe 90. 

Ithaca 

Election of officers: W. E. Meserve, 
ehairman; B. K. Northrop, secretary- 
treasurer. Dinner meetmg. May 29. 
Attendance 13. 

Lehigh YaDey 

Annual meeting and exhibition at 
which applications of the photoelectric 
cell, metering equipment, and other 
recent electrical developments were dis¬ 
played by various manufacturers. Pre¬ 
ceding dinner the following motion 
piotures were shown: ‘^Dynamic America,” 
”The Romance of Power,” ”Deion Oil 
Circuit Breakers.” Reports from the 
chairmen of the local committees were 
read and officers for the year 1931-32 were 
announced. Planning to Avoid De¬ 
pressions, by B. C. Stone, vice-president 
A. I. B. B. District No. 2, was presented 
by R. L. Bjrk, Duquesne Light Company. 
May 16. Attendance 135. 

Los Angeles 

Two papers concerning the R. C. A. 60- 
kw. broadcasting transmitter being in- 
stafled for KFI, were presented by J. J. 
Farrell and G. W. Fyler, both of the 
General Electric Company. Election of 
officers as follows: P. S. Biegler, chairman; 
F. B, Dellinger, secretary. Joint meet¬ 
ing with the Institute of Radio Engineers. 
May 19. Attendance 203. 

Louisville 

Annual meeting. Reports of local 
committees were read, and election of 
officers was made as follows: Philip P. 
Ash, ohairman; C. M. Ewing, secretary- 
treasurer. Dinner and entertaimnent 
followed. June 4. Attendance 37. 

Memphis 

Power Plant Generation and Utut 
izATioN, by Robert Bruce, Memphis 
Power and Light Company; 

The New 110-Kv. River Crossing, 
by M. Eldredge, Memphis Power & 
Light Company, and chairman, Memphis 
Section. May 12. Attendance 42. 

Fuselbss Home, by H. G. Nichols, 
Westinghouse Eleo. & Mfg. Company. 
June 9. Attendance 36. 

Milwaukee 

Inspeotion trip through the Globe- 
Union h^g. Company plant, and talk by 
W. R. Vicarey of that company on 
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College, Mount Vernon, Iowa. Until 
1887 his time was occupied chiefly with a 
civil engineering practise. For the next 
ten years he acted as engineer for the con¬ 
tractor on several of the power and 
lighting projects of the Paciiic Coast. 
Prior to his arrival in Tacoma (1923) Mr. 
Stannard had been identified with many 
irrigation, water works, and power plant 
developments along the Pacific Coast; 
the Grant Smith Company project in 
California, the Cedar River plant at 
Seattle, and the Bull Run plant at Port¬ 
land. From 1912 to 1919 he was consult¬ 
ing engineer for the North Coast Power 
Company in Portland. At the time of his 
death he was serving his second term as 
president of the Tacoma Section of the 
American Society of Civil Engineers, 
which he had been instrumental in estab¬ 
lishing. 


William F. Callahan (A’23) engi¬ 
neering assistant, Western Union Tele¬ 
graph Company, New York, N. Y., died 
May 31, 1931, at the age of forty. After 
the completion of studies in machine 
design, manual training and applied elec¬ 
tricity at Pratt Institute, his first business 
connection (1910) was when he joined the 
Western Electric Company, New York, 
with which he remained as machine hand 
and inspector until 1913; then he became 
draftsman of Bramhall Deane & Com¬ 
pany, Brooklyn, N. Y. In March 1914 
he engaged with the Western Union 
Telegraph Company, New York City, 
spending three years as draftsman, 
followed almost immediately by appoint¬ 
ment as engineering assistant, the posi¬ 
tion he held until his death. Mr. 
Callahan belonged to the Institute’s New 
York Section, in which he was active. 


Mr. Alexander, winner of first prize, 
recently has won a Tau Beta Pi scholar¬ 
ship for $750 and a 1500 tuition scholar¬ 
ship from the Massachusetts Institute of 
Technology. In his freshman year he 
received a $1,000 prize offered for the 
best paper by the American Chemical 
Society. 

The following names of officers of the 
Oklahoma City Section for next year were 
announced: C. T. Almqiiist (A’28) 
associate professor of electrical engi¬ 
neering, University of Oklahoma, cliair- 
man; A. Naeter (M’30) head electrical 
engineering department, Oklahoma A. & 
M. College, vice-chairman; and C. E. 
Bathe (A’29), superintendent of radio 
and standards, Oklahoma Gas & Electric 
Co., secretary-treasurer. 


Local JVIeoliiiflfs! 


Utah Section 
and Branch Meet 

The Utah Section and the University 
of Utah Branch held their annual joint 
meeting for the presentation of a student 
program on May 18. This was the last 
meeting of the Section for the present 
administrative year. 

The following papers were presented by 
students: 

Keying oe CoNTiNtrovs-WAVE Trans¬ 
mitters, by M. K. JoJmson and L. K. Irvine. 

Illumination of the University Campus, 
by L. D. Schroder and J. O. Oarlston. 

Stroboscopic Epeeots with Neon Glow 
Tubbs, by Courtney Campbell. 

Investigation op the Acoustics op King- 
BURY Hall, by Fred Limdberg and F. M. Neal. 


Oklahoma City Section 
Meets with Branches 

The annual joint meeting of the Okla¬ 
homa City Section and the student 
Branches at the University of Oklahoma 
and the Oklahoma A. & M. College was 
held at the latter school on May 18,1931. 
During the morning program students of 
the two schools presented the following 
technical papers: 


Choice op Petroleum Pump Station 
Equipment, by V. J. Sittel, Oklahoma A. & M 
Oolloge, 

Factors Determining the Rating op 
Underground Cables, by Wm. M. Achgill, 
A. B. Bartow, T. A. Bloss, University of 
Oklahoma (presented by Wm. M. Achgill)! 

Grounds and Methods op Testing Them, 
by Hubert I. Short, Oklahoma A. & M. College! 

System Solution by the Method op Sym¬ 
metrical Components, by R. J. Thompson, 
University of Oklahoma. 

Thyrathon Tube and Its Regent Applica¬ 
tions, by W. E. Nichols, Oklahoma A. & M. 
OoBege. 

Radio Field Intensity Survey, by G. S 
Hammonds, University of Oklahoma. 

Transmission Dines: Generator-End Re¬ 
quirements VERSUS Load Oonstants, by 
P. H. Foster, Oklahoma A. & M, College. 

Application op Kihchopp’s Laws and 
Superposition op Currents in Calculating 
Loop and Network Circuits, by S. Alexander, 
University of Oklahoma. 

The program was followed by a 
luncheon (attended by about 115) and 
the inspection of engineering laboratories. 

At an afternoon session authors of 
three papers were awarded prizes as 
follows: 

First prize ($15) S. Alexander, Uni¬ 
versity of Oklahoma 

Second prize ($10) Waldo E. Nichols, 
Oklahoma A. So M. College 

Third prize ($5) Hubert 1. Short, 
Oklahoma A. So M, College 


Section and Branch 
Join in Meeting at Cincinnati 

The annual joint meeting of the Cin¬ 
cinnati Section and' the University of 
Cincinnati Branch was held at the uni¬ 
versity on May 14, with an attendance 
of 80; the preceding dinner was attended 
by 38. 

The following program was presented 
by seniors in electrical engineering: 

Choke-Coil Design, by D. T. Michael. 

Study op a Spot Welder, by F. F. Osterholz. 

Study op a 500-Oyole Generator, by G. H. 
Pettibone. 

Experimental Study op Means op Lessen¬ 
ing Static in Receiving Sets, by G. F. Platts. 

Speed Control op a D-0. Motor, by R. M. 
Seitz. 

Pitting in Telephone Relay Contacts, by 
Henry Suter. • 


Baltimore Section 
Awards Prizes 

^ Each alternate year the Baltimore Sec¬ 
tion has a prize paper meeting. For the 
contest this year six papers, were sub¬ 
mitted for three of which the following 
prizes were awarded at this meeting: 

First prize: (S26)-—W. P. Taylor, Consoli¬ 
dated Gas Electric Light and Power Company. 
Locating Power Cable Faults by Means 
OP A Constant Current Transformer with 
Short Circuiting Switch. 

Second prize: ($15)—L. J. Berherich. gradu¬ 
ate student, Johns Hopkins University, A 
Method for Measuring the Phase Angles 
of Shielded Resistors. 

Third prize: ($10)—G. M. L. Sommerman, 
graduate student, Johns Hopkins University, 
The Spark Discharge ln Air. 
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Pbb-Faradat Dsvqlopmbnts, by 1« 
Oloovioh; 

Typical Faraday Experiments, by 
A. Qessell; 

IiATER Developments, by E. B. 
Qaerfctner. After these talks the labora¬ 
tories were open for inspection. May 22. 
Attendance 60. 

Election of officers: L. C. Grussler; 
E. R. Gaerttner, vice-president; Irwin 
Olcovich, secretary-treasurer. May 26. 
Attendance 15. 

Film—“Turbine with Solid Rotor.” 
June 2. Attendance 16. 

University of Detroit 

Fourth annual banquet held at the 
Cadillac Athletic Club. Election of 
officers: Bernard Sharkey, chairman; 
P. Zoufal, vice-chairman; John Schenk, 
secretary; Thomas M. Ward, treasurer. 
June 3. Attendance 60. * 

University of Florida 

Measurement op Ground Resis¬ 
tances, by A. W. Harris, student. May 
13. Attendance 25. 

Harvard University 

The Quebnston-Chippawa Power- 
Development, by R. BuUwinkle, student; 

Public Utilities, by Eric A. Walker, 
student; 

The a. 1. E. E. North Eastern Dis¬ 
trict Mbbtinq at Rochester, by J. H. 
Wright, student. Election of officers: 
Eric A. Walker, chairman; Robert D. 
Hickok, Jr., vice-chairman; Charles N. 
Mason, secretary-treasurer. May 19. 
Attendance 14. 

Inspection trip to the toll exchange of 
the New England Telephone and Tele¬ 
graph Company, Boston. May 21. At¬ 
tendance 10. 

Iowa State College ' 

Election of officers: W. L. Huebner, 
president; W. Hardman, vice-president; 
G. Franks, secretary; M. Cain, treasurer. 
May 22. Attendance 21. 

Kansas State College 

Election of officers: G. E. Cain, presi¬ 
dent; D. E. West, secretary. May 14. 
Attendance 100. 

Lehigh University 

The History of the Electrical 
Industry, by J. M. Bisbee, student; 

Developments in the Electrical 
Field in 1930, by J. F. Miller, student; 

Solution op Lightning Problems, by 
J. B. Sponsler, student. Election of 
officers: L, F. Unde^ood, president; 
J. D. Brown, vice-president; J. J. Grine- 
vioh, treasurer; C. W. Banks, secretary. 
May 13. Attendance 40. 

Lewis Institute 

Business meeting. Prof. F. A. Rogers 
nominated (pr oouns^or. iiay 1. At¬ 
tendance 15. 


Inspection trip to the plant department 
of the American Tel. & Tel. Company. 
June 3. Attendance 17. 

How I Got into Engineering, by 
A. B. Smith, Automatic Electric Com¬ 
pany. June 5. Attendance 68. 

Michigan State College 

Illustrated talk given by F. Harbin, 
student, featuring a him entitled “Radio 
Communication on Trains.” May 12. 
Attendance 23. 

Several talks by students and a demon¬ 
stration of the “Telemat.” Joint meeting 
with the University of Michigan Branch. 
May 28. Attendance 32. 

To Find the Maximum Span op a 
Catenary ip the Density, Tbnsilb 
Strength, and Gbavitt Remain Con¬ 
stant, by L. Switzgable, student; 

Discussion op the Effect op Divi¬ 
sion OP Load upon Rotary Converter 
Systems, by Q. T. Hittle, student. 
Explanation of the recording interferom¬ 
eter given by Prof. C. W. Chamberlain. 
June 9. Attendance 29. 

University of Michigan 

Business discussion. May 13. At¬ 
tendance 16. 

Annual banquet at which the follow¬ 
ing program was presented: 

Joseph Henry, by L. C. Poole, student; 
A Russian Meets a Turk, by P. D. 
Kalachov, student; 

Michael Faraday, by L. ZanoF, 
student; 

The Hand is Quicker than the Eye. 
by Prof. A. D. Moore; 

Before the Drought, by Dean 
Emeritus M. E. Cooley. May 26. At¬ 
tendance 60. 

School of Engineering of Milwaukee 

Life op Stbinmbtz, by J. D. Ball, 
vice-president of the school. May 13. 

University of Minnesota 

Tenth biennial electrical engineers’ 
party. April 17-18. Attendance 4,100. 

Banquet meeting. Election of officers: 
Martin G. Swanson, chairman; Harold L. 
Eric8on,vice-chairrnan; Scott McDermott, 
secretary-treasurer. May 19. Atten¬ 
dance 33. 

Mississippi A. & M. College 

Election of officers: J. M. Caldwell, 
chairman; C. R. Lillybridge, vice-chair¬ 
man. May 20. Attendance 27. 

University of Missouri 

The Possibilities in Engineering, 
by R. V. Wright, president of A. S. M, B. 
Joint meeting with the A. S. M. E., 
A. S. C. B., and A. 1. Ch. B. April 30. 
Attendance 43. 

Audible Light, by J. B. Taylor, 
General Electric Company. May 18. 
Attendance 176. . 


Montana State College 

Transformer Design, by R. Bjork, 
student; 

Volta Power Plant, by N. Hovey, 
student; 

Black Eagle Plant, by T. Micka, 
student. May 14. Attendance 99. 

Tee Electrical Show at Washing¬ 
ton State College, by W. Rightmire, 
student; 

The Impedance Bridge, by P. 0. 
Koetitz, student; 

Officb Illumination, by R. Rydell, 
student. May 21* Attendance 94. 

University of Nebraska 

The Linoohi Telephone & Telegraph 
Company’s first aid team gave a demon¬ 
stration covering the high points of first 
aid work. May 13. Attendance 45. 

University of Nevada 

Election of officers as follows: Donald 
E^pp, chairman; Calvin Dodson, vice- 
chairman; Orvis Reil, secretary-treasurer. 
May 3. Attendance 21. 

Univerrity of New Hampshire 

Moving pictures and talks by E. J. 
Shaw and L. M. Shampeau, both of the 
Westinghouse Elec. & Mfg. Company. 
May 6. Attendance 56. 

Talk by W. S. Keay, New England Gas 
Electric Association. May 20. At¬ 
tendance 80. 

Business meeting. May 27. Atten¬ 
dance 16. 

University of New Mexico 

Smoker. Economics of Neon Light- 
XNG, by E. Hufiinan and H. Mendenhall, 
students. H. Bangerter and S. Pelatow- 
ski, students, gave a demonstration of 
some of the effeots of ultrar-short radio 
waves. May 28. Attendance 21. 

CoUege of the City of New York 

Transmission of Power, and High- 
Voltage Insulators,' by Mr. Wilde- 
brandt, Ohio Insulator Company. May 
21. Attendance 15. 

University of North Carolina 

Engineering in the Latin Countries, 
by Professor Bennett. May 14. At¬ 
tendance 23. 

North Dakota State College 

Radio Broadcasting, by D. F. Hola- 
day, student; 

Magnetism, by B. Weiss, student; 
Michael Faraday, by E. Blomquist, 
student; 

Some Actual Experiences, by R. 
Stockstad, student; 

‘ Life AraR Graduation, by l^ofessor 
H. Rush, oounaelor; 

Relations op Industry to ’ Qoltl^qe 
Men, by J. D. Taylor,. Ncrthwestem* 
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Bell Telephone Co. May 27. Atten- 
danoe 15. 

University of North Dakota 

Photoelectric Cells akd Applica-» 
TioNs, by Eugene Beeken, student; 

Tee Institute and Its Functions, 
by Prof. H. P, Rice, counselor. May 13. 
Attendance 28. 

University of Notre Dane 

Annual picnic. May 16. Attendance 
160. 

The Marvels of Sound Transmis¬ 
sion, by S. P. Grace, assistant vice-presi¬ 
dent, BeU Telephone Laboratories, Inc. 
May 19. Attendance 1,300. 

Ohio Northern University 

Banquet meeting. Blbotmcal Bnoi- 
NBEHS IN Industry, by Prof. A. D. 
Moore. Election of officers: O. R. 
Jacobs, president; B. Wyant, vice-presi¬ 
dent; W. Gideon, secretary; O. Hawes, 
treasurer. May 29. Attendance 76. 

Ohio State Universify 

Demonstrations were performed by the 
students using the new equipment just 
acquired for the electrical engineering 
department. Mayl. Attendance 60. 

Ohio University 

The Large Dipfbrbncbs Which Are 
Made by the Little Differences in 
Men, by Dr. E. B. Biyan, president of 
the University. Election of officers: 
George Wyckofl, chairman; William 
Miller, vice-chairman; William Cooper, 
secretary-treasurer. May 6. Attendance 


Oregon State College 

Submarine Cables, by B. D. Pearson, 
North Western Electric Company. S. B. 
Clark, of the same company, supple¬ 
mented this talk by describing the manu¬ 
facture of submarine cables. Election of 
officers: Dale Hansen, president; Elliott 
MaoCraoken, vice-president; George 
Howie, secretary; Stewart Eibbe, trea¬ 
surer. May 12. Attendance 71. 

Pennsylvania State CoUege 

Report of OsciLLOGRAPHid Studies 
OF Tm Sources of Commutator Rip¬ 
ples IN D-C. Machinery with Pab- 
Tiou^ Reference to the Rotary 
Converters, by Messrs. Conrad, Forster 
Foster, and Pollock, students; * 

Report of Capacitor Induction 
Motor Studies, by Messrs. Henderson, 
Kw^y, Lauth, and Sauter; students; 

_ Demonstration of the Stroboscopic 
of the Neon Lamp, by 
student.' 

■ Iwture on Alaskan S^iiiitoN 

Piof. B; Robertson, 


Purdue University 

Two films shown—“Voices Across the 
Sea^* and “By-Products of a Telephone 
Research Laboratory.** Election of offi¬ 
cers: P. 0. Peterson, president; M. W. 
Brown, vice-president; E. M. Sharer, 
secretary; G. K. Miller, treasurer. May 
15. Attendance 30. • 

Rhode Island State College 

Business meeting. May 27. Atten¬ 
dance 6. 

Rice Institute 

Election of officers: M. B. EAttmann, 
chairman; H. A. Martin, vice-chairman; 
E. A, Turner, Jr., secretary; R. C. Bear- 
mann, treasurer. May 13. Attendance 


University of South Carolina 

Alexander Graham Bell, by W. 0. 
Famam, student; 

Sound with Pioturbs, by R. L. 
Phillips, student; 

Silver Sbleotdb with a Secret 
Metal Used by a German to Get 
Blbctricitt from Solar Rays, by J. T. 
Sanders, student; 

The X-Ray —New Watch-Dog of 
Safety, by J. B. Dent, student. May 18. 
Attendance 31. 

Annual banquet. May 16. Atten¬ 
dance 16. 

Thomas Alva Edison, by W. B. 
Crum, student; 

The Variable Mu Tetrode, by 
J* W. Palmer, student; 

A South Carolinian—W. S. Lee, by 
C. D. Caughman, student. May 11. 
Attendance 29. 

University of Southern California 

Recent Developments in the Blbc- 
.TBICAL Industry, by W. F. Grimes, 
Westinghouse Elec. & Mfg. Company. 
April 22. Attendance 23. 

Chain Broadcasting, by Paul John¬ 
son, Pacific Tel. & Tel. Co. April 29. 
Attendance 26. 

Application of Electricity in the 
Oil Fields, by C. J. Ruzieka, Standard 
Oil Company. May 6. Attendance 26. 
Layout of Substations on the 220- 
Distribution System of the Edison 
CoittANT, by J, M, Gaylord, Southern 
California Edison Company, Ltd. May 
13. Attendance 26. 

H. M. Cox, Bureau of Power Light, 
gave instructions on artificial respiration 
and some useful hints on first aid, with 
special reference to bums which might be 
wceived by an electric ourrmt. Election 
of officers: M. C, Marshall, chairman; 
John Ganzenhuber, vice-chairman; Louis 
Bayha, secretary; Oliver Jessen, trea- 
stttcr. May 20. Attendance 28. 
Development of the U. S. Motors 


Corporation, by W. M. Hogne, of that 
company. May 27. Attendance 31. 

Stanford University 

Life and Work of Michael Faraday, 
by G. W. Dunlap, student; 

Experiences at the General Elec¬ 
tric Test Course, by M. Bom, stu¬ 
dent. May 19. Attendance 12. 

Residual Currents and Voltages 
IN Electrical Power Systems, by 
G. H. Kimball and C. A. Bairos, students. 
June 2.' Attendance 10. 

Election of officers: Madison R. Jones, 
Jr., chai rman ; G. W. Dunlap, vice-chair¬ 
man; Ronald H. Bom, secretary-trea¬ 
surer. Jime5. 

University of Tennessee 

Mercury Vapor Lamps, by H. DuBose, 
student. Election of officers: H. M. 
Patterson, chairman; G. L. Dyer, vice- 
chairman; C. T. Nunley, secretary- 
treasurer. May 6. Attendance 13. 

University of Texas 

Research and Industry, by B. L. 
Manning, General Electric Company! 
Joint meeting with the A. S. M. B, and 
A. S. C. B. April 22. Attendance 60. 

Theory and Applications of Elec¬ 
tric Relays, by H. P. Robinson, 
Houston Power & Light Company. May 
16, Attendance 23. 

Virginia Polytechnic Institute 

Election of officers: R. B. McDamel, 
ohaarman; M. W, Bowery, vioe-chainnan. 
May 29. Attendance 20. 

West Virginia University 

Light Bbabcs to Operate Traffic 
Signals, by C. B. Higgins, student; 

The Du Pont Ammonia Plant at 
Charleston, W. Va., by H. A. Lewis, 
student; 

Safety at Night for the Aviator, by 
V. 8. Monteith, student; 

Your Nimble Servant—The Elec¬ 
tron, by P. J. Johnson, student. May 
6. Attendance 16. 

Washington State College 

The Vacuum-Tube Voltmeter, by 
Mr. Emigh, student; 

Short Circuits on Main Trans¬ 
mission Lines, by Mr. Holmes, student. 
Mays. Attendance 13. 

Washington University 

General discussioii. May 14. Atten¬ 
dance 18. 

University of Wisconsin 

J'iLn—VBleotrioal Measuring Instru¬ 
ments.” Apra28. AttehdancedO. 

Business meetuigi,^:>May Atten¬ 
dance 20; 
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En0ine«rim0 SodelSes Employment Service 


Men 

Available 

ENG-INSSB, B, B. degree, age 30. married. 
Wide experience in layout, design, and research 
of small electrical parts, radio, motion picture 
and sound system apparatus. Desires position 
in laboratory or drafting room. A-1 references. 
Available immediately, liocation. New York. 

GBADXTATB MBOHANIOAL-ELBOTBI- 
OAL BNGINBBB, mmnded. Nine years in 
public utility, testing, substation construction. 
One year with consulting engineer. Big^t years 
electrical engineer, central department for group 
of large industrial plants; layout, operation, 
X>owor distribution, economy. Three years 
electrical, process engineer, manufacturing 
plant: development, efficiency, supervision. 
Bxooliont roferences. Bast preferred. Avail- 
ablu short notice. 0*9312. 

DBVBIiOPMBNT AND BBSBAEOH 
BNGINBBB. B. S. in B. B., M. 8 . in physics, 
34, married. Pour years* experience in one of 
largest research laboratories In electromagnetio 
problems and measuring Instruments, knowledge 
of radio-freauenoy circuits and vacuum tubes, 
have patents granted, higdi designing and 
suporvlBing skfil. Desires position with future. 
0-0333. 

OHIBP BUHSOTBIOIAN AND MANUFAO- 
TUBING BNGINBBBING ASSISTANT, 
tedinioal graduate, 34. Fourteen years* ex¬ 
perience covering electrical installation, opera¬ 
tion, and maintenance, and the manufacturing 
of moohanical and electrical parts. Desires 
position as plant eiectricitm, testing of electrical 
machinery or apparatus, or engineering assis¬ 
tant. Mod rate salary to start. Location, 
Northern New Jersey or vidnlty. 0-9305. 

GBADUATB BLBOTRIOAL BNGINBBB 
of Purdue University with eighteen years* 
experience in design, construction, estimating, 
costs, valuation and appraisal of power plants, 
substations, transmission lines and industrial 
plants including live years in heavy electric 
traction and rapid transit work. Open for 
opportunity with future. 0-8256. 

BLBOTBIOAL BNGINBBB, 1930 graduate, 
22, single. One year on the Westinghouse 
Student Course. Desires position as Instructor 
In electrical engineering. Available school year 
1031-1932. Beferences. Location, immaterial. 
0-9311, 

BLBOTEIOAL OONSTBUOTION BNGI¬ 
NBBB, age 45; 25 years* experience. B:a8 
a broad technical knowledge, and extensive 
practical experience in commercial and industrial 
power and lifl^iting construction inducUng under¬ 
ground, power house and substation installations 
and railway dootrifleation work. Btos a 
thorough knoiriedge of estimating and valuation 
work fr'wd the sniiervlslng of construction forces. 
0-1140. 

BLBOTBIOAL BNGINBBB, 27, singlt, 
graduate of German college, six years* exped- 
enoe In design, research, and test on magnets, 
fractional horsepower motors, and control 
systems for mine hoists and devators with 
leading American and German sonoems. De¬ 
sires position WThere JdJowledge of theoretical 
and practical is of importance. 0-9810. 


BLBOTRIOAL AND ILLUMINATING 
ENGINEER. 42 years old, 23 years* experience, 
electrician, superintendent, estimator, engineer, 
Instnictor. Power station, commercial and 
industrial building wiring, etc. Seven years in 
engineering for architects, office buildings, 
theaters, hotels, schools, hospitals, industrial 
buildings. Would like engineering position, 
or sales engineering. 0-8460. 

BLBOTRIOAL BNGINBBB. graduate, 
B. E. degree, 28, married. Three years' experi¬ 
ence relays, relay studies of large electric power 
and light utility, operating. New York City. 
Three years testing, design, and development 
work on new electrical appliances and materials. 
Experience Indudes considerable outside con¬ 
tact with leading electrical manufacturers. 
Available immediately. Location. New York 
Olty. B-8793. 

BLBOTRIOAL ENGINEER, American. 
Street raflway, maln-Une electrification, mining, 
and public utilities. Twenty years in Latin 
America as engineer and manager. Did con¬ 
siderable Diesel-engine and refrigeration work. 
B-5912. 

BLBOTRIOAL BNGINBBB, graduate 
Georgia Technology, 1930, cooperative plan. 
Westhighousp Ughtix^ courses. Cooperative 
work, alternate months, five years in substation 
maintenance and office engineering. Rebuilding 
transformers, switches, lightning arresters, work 
with eloctrio furnaces, rectifiers, meters, motors, 
etc. Checking and mapping distribution sys¬ 
tems, work orders, drafting, etc. Bxcelleat 
references. Perfect health. Location im¬ 
material. 0-7847. 

BXFBRIBNOBD BLBOTBIOAL ENGI- 
NEBR, graduate of two colleges, with twenty 
years of accomplishment in the electrical wire 
and cable industry; American, Protestant, and 
In good health. Would prefer to locate within 
100 mi. of New York, though not essential. 
Oan come for interview promptly; all references 
desired. B-9877. 

MBOHANIOAL-BLBOTRIOAL BNGI¬ 
NBBB, 46. single. 23 years* experience. Factory 
test, central station engineering, and sales work. 
Public utility operating enfi^eer, assistant 
superintendent, and superintendent of construc¬ 
tion, power and electric departments. Estimate 
and design work on substations, stations, relay 
systems, and lines. Spedflcatioiis for buildings. 
B-271. 

BLBOTBIOAL BNGINBBB, 48, ooUege 
graduate, married; 26 years* experience as 
designing, report, power and executtve engineer 
with three engineering and construction firms, 
i^rfiiAtng system planning, design, construction 
cost estimating and construction supervision 
of power plants, substations and transmission 
facilities for public utilities and industrials. 
Studies of operating economiOB. B-4558. 

BLBOTRIOAL BNGINBBB, 26, single. 
Three years* e^^erienoe with construction, com¬ 
pany, spedalizlflg in new construction. One 
and a half years’ experience in light current work 
with leading telegraph company. Desires con¬ 
nection with company in construction or sales 
engineering departments. Location, New York 
Oity preferred. 0-9290. 

BXBCUTIVB BLBOTBIOAL BNGINBBB, 
29, married. Six years* experience in design, 
and construction of transmission lines and sub¬ 
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stations. Now district manager for electrical 
maniifacturing concern. Desires to make 
change. Available immediately. Location, 
Immaterial. 0-9324-315-0-4-San Frandsco. 

COLLBGB TRAINED ENGINEER, 29, 
married. Experienced in the design and estl- 
mating of distribution ssrstems. Nine years* 
urility e]q>erience In responsible position. One 
and a half years* power cable engineering. 
Desires position with New York Oity utility, 
engineering or Industrial company. Excellent 
references. 0-9361. 

HBAD OF BNGINEBRING DRAWING 
DEPARTMENT of prominent university for 
seven years, win consider change to shnilar 
position. Available June 1981. B. S. In elec¬ 
trical engineering. Telephone and electrical 
experience. Practical machine designer. B-8248. 

BLBOTBIOAL BNGINBBB. graduate of 
University of Illinois. 1926. Two years' experi¬ 
ence with Westinghouse, and two and a half 
years with pubUo utility in planning division. 
Available immediately. 0-9381. 

GRADUATE BLBOTBIOAL BNGINBBB, 
29, married. One year eight months, Westing¬ 
house test. Two and a half years* electrical 
construction with utility, engineering, super¬ 
vision and reports. One year three months with 
consulting engineers. Desires position in plan¬ 
ning department of public utility. N prefer¬ 
ence in location, 0-7695. 

BNGINBBB, age 27, B. S. three years and 
seven months O. B. experience, desires position 
with hydroelectric project. Qualified for chief 
of party, transitman. estimator, assistant 
engineer. 0-9882, 

GBADUATB ENGINEER, ag635, two years* 
Shop experience, fourteen years as draftsman 
in design of mechanical and electrical ap¬ 
paratus. Graduate of mechanical and electrical 
engineeriDg courses of International Oorre- 
spondence Schools. Willing to accept drafting 
or engineering position anywhere. 0-9887. 

BXBOUTIVB OR STAFF ASSISTANT, 
engineering education. Fourteen years* broad 
experience with manufacturing, utility, and 
industrial surveys covering cost reduction, 
production planning, standards, wage incentives, 
sdenttfic management methods, statistical con¬ 
trol systems, expense and cost analysis. Oapable 
organizer. Profitable assistant for busy execu¬ 
tive. Prefers Bast. Consider any proposition. 
B-9122. 

OOMMUNIOATION ENGINEER, 31, 
single. Experienced: telephone, radio Installa¬ 
tions; design, development of testing equipment 
for telephone, radio, sound-picture dreults; 
design, use of semi- and fhU-automatic testing 
circuits to eUminate human element in testing; 
industrial applications of photoelectri c^s. 
thermionic tubes. Beet references as to profes¬ 
sional ability, personal integrity. Location, 
immaterial. Available immediately. 0-9876. 

BLBOTBIOAL BNGINBBB. age 29, mar¬ 
ried, Pennsylvania State graduate 1925, with 
four years* railroad and subway signal installa¬ 
tion experience as engineer, draftsman, and sig¬ 
nalman, and one and a half years as assistant 
project engineer on railroad electrification; 
desires position In either of these lines. Location, 
anywhere. 0-5089. 

A-0. DESIGN BNGINBBB, induction, and 
synchronous motors above 20 hp., alternators 
auto-transformers. Biqperienced in tbe 
application of synchronous motors to oompte^ 
sor drive. Married, Location, immaterial 
0-9386. 

' PHYSICIST, middle-aged, experienced In 
industrial research, supervision of research, 
executive work, and teadilng physics for 
enginetting and other dasses of students. Ad¬ 
vance degreesin physics from prominent Ameii- 
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can universities. Empliasis of electrical subjects 
in training and teaching. Stability and oppor¬ 
tunity desired. Available on short notice. 
C-7900. 

ELECTRICAL ENGINEER, EXECU¬ 
TIVE, FOREMAN, 25 years’ sound practical, 
technical, electrical and mechanical manufac¬ 
turing experience in telephone and telegraph 
apparatus, instruments, printing machines, and 
pressed metal. Capable organizer and super¬ 
visor. Works and office system, estimating, 
cost analysis and accounts. Methods, tool 
design, machine and press-work, time-study 
rate-setting, moderate salary. Any location. 
C-3241. 

DESIGN ENGINEER, twenty years’ ex¬ 
perience in design of a-c. macliines covering 
polyphase induction motors of all sizes. Single¬ 
phase induction motors with inductance or 
capacity starting. Single-phase commirtator 
motors of series, repulsion, and repulsion-in¬ 
duction type. Desires design or development 
work. Location, immaterial. C-8540. 

1931 GRADUATE ELECTRICAL ENGI¬ 
NEER, B. E. E. University of Minnesota. 
Single, age 22. Special courses taken include 
design, radio and telephone. Desires position 
with any manufactui'ing or engineering firm. 
Location immaterial, opportunities and experi¬ 
ence being main factors. Available immediately. 
0-9391. 

INDUSTRIAL PRODUCTION MAN, 
electrical engineer, married, age 29, good health, 
graduated 1924, seven years’ experience with 
large construction company on design, engineer¬ 
ing, and construction of power and industrial 
plants. Wants production department job 
where electrical training and experience will 
count, with possibility of working into manage¬ 
ment. Location, New England. 0-9384. 

ELECTRICAL OR MAINTENANCE 
ENGINEER, 48, married, college graduate, 
■223^ years with present employer. Plant sold 
to large organization with its own engineers. 
Unusual experience in installation and operation 
of industrial substations, large synchronous 
motors, roplacmg 25 with 60 cycles and maia- 
tenance. Good mechanical, steam and process 
development experience. C-9399. 

ELECTRICAL ENGINEER, B. S. degree, 
married, with about fifteen years’ successful 
experience in the design and construction of 
transmission and distribution lines. Some 
teaching experience. Employed at present. 
Desires position as instructor in electrical engi¬ 
neering subjects or physics and mathematics. 
Excellent references. Location preferred, 
Middle West or West. 0-9339. 

ELECTRICAL ENGINEER, 27, single, 
B. S. E. E. Six months Westinghouse Graduate 
Student Course. Two years’ laboratory work 
circuit interrupters, large power rectifiers, one 
and a half years’ development work on standard 
magnetic controllers for steel mill applications, 
handling negotiations, estimating on motor- 
control apparatus. Familiar French language. 
Available immediately. Location, preferably 
Bast. 0-9393. 

ELECTRICAL ENGINEER, 36, single, 
citizen, desires position with engineering, 
manufacturing, or public utility concern. Six 
and a half years’ experience in power plant and 
substation design. Two years in electrical 
furnace work. Highest education. Additional 
G. E. engineering course. Speaks foreign 
languages. Available on short notice. 0-2710, 

1929 ELECTRICAL DESIGN ENGINEER, 
24, B. S. degree technical school. One year 
Westinghouse Student Course. Motor, trans¬ 
former, turbo test experience. One year large 
synchronous motor design. Six months West¬ 
inghouse electrical desi^gn school. Desires posi¬ 


tion, design, research, development work with 
manufacturing company, or engineering depart¬ 
ment power company. Single vdth dependents. 
Location, immaterial. References. Available 

immediately. C-9410. 

H 

GRADUATE ELECTRICAL ENGINEER, 
Lehigh University (1930), married, 25, ten 
months engineering graduate student at West¬ 
inghouse, 22 summer months with National 
Tube Company. Desires position with public 
utility or manufacturing company where ana¬ 
lytical and research ability is prime prerequisite. 
Available on two weeks* notice. Location, East 
or Middle West. C-9395. 

1931 ELECTRICAL GRADUATE, midwest 
university, 22, single. Tau Beta Pi student. 
Desires connection with manufacturing or pub¬ 
lic utility concern. Location preferred, Middle 
West. 0-9398. 

ELECTRICAL ENGINEER, graduate 
Georgia Technology, 1930, age 23, married, 
now employed by large industrial corporation. 
Desires position with public utilities or with 
small industrial. United States or foreign. 
Available on short notice. C-9396. 

ELECTRICAL ENGINEER, Sll married, 
college graduate, with six and a half years’ 
experience consisting of: oil circuit breaker 
design; electrification of Industrial plants; 
operation, maintenance and electrification of ore 
mines and steel mills. Thoroughly experienced 
on motor applications, transformer stations, 
switchboards, and distribution systems. Last 
one and a half years as electrical engineer with 
steel company. C-9414. 

ELECTRICAL ENGINEER, 30, married, 
A. B. ’22, B. S. in E. B, '24 (Harvard). G. E. 
Test, transformer design, development and 
technical writing; experience in factory planning, 
has taught evening classes: speaks German. 
Location preferred, East. 0-9402. 

ELECTRICAL ENGINEER, draftsman, 
experienced designer of light and power layouts 
of generating substations (indoor and outdoor) 
ofiQce buildings, factories and air ports. Tech¬ 
nical school graduate and fifteen years’ practical 
experience in the electrical and mechanical 
industry. C-7979. 

REPRESENTATIVE available. Experi¬ 
enced sales engineer, electrical engineer, gradu¬ 
ate. Desires high-grade electrical line of utility 
or heavy-duty industrial equipment. Eastern 
location. B-4067. 

ELECTRICAL ENGINEER, 36, university 
graduate, married. Twelve years with large 
public utility as cadet, inspector and electx'ical 
tester (motors, transformers, cables, and elec¬ 
trical appliances). Also one and a half years’ 
research on combustion control apparatus for 
instrument manufacturer and some engineering 
sales experience. Desires position with future 
near Philadelphia. References. 0-8350. 

ELECTRICAL ENGINEER, 1928 graduate 
of a recognized university, 26, single. One year 
central station testing, twenty months special 
apprentice on a large electrified railroad and 
seven months’ telephone experience. Seeks 
engineering position where the above training 
and experience can be applied, free to locate 
anywhere. C-9112. 

GRADUATE ELECTRICAL ENGINEER, 
S. B. from M. I. T. in 1927. Accidental injiny 
has prevented employment. Now recovered. 
Has done considerable study since graduation in 
electrical engineering and physics, particularly 
radio and acoustics. Interested in most any 
land of connection. Available at once. Single, 
age 25. 0-9205. 

SALES ENGINEER, distinctly electrical 
background, has good sales record, profit* 
minded, 39, single, likes people and contacts. 


Seeks permanent connection with Jeading 
company manufacturing controls for industrial 
applications. Conversant with thermoelectric 
and photoelectric principles. Specialized knowl¬ 
edge of conductors. Decided interest in dis¬ 
tribution in broadest sense. Has proved 
executive ability. C-8797. 

TECHNICAL GRADUATE. 32, with broad 
experience in operation, maintenance of sub¬ 
stations, cable network, electric shovels. Sub¬ 
station testing. Speaks five languages. Deshes 
connection with responsible company. Loca¬ 
tion, immaterial. B-9611. 

ELECTRICAL ENGINEER, 36, married, 
18 years’ experience on power plants, transmis¬ 
sion lines, substations, switchboards. Tele¬ 
phones, mine electrical equipment, motors, 
lighting, marine electrical work, draftsman. 
Five years electrical engineer whing for power, 
light, telephones, signal systems, elevators 
for all types of buildings; also expert plumber, 
heater and turner. C-9348. 

GRADUATE ELECTRICAL ENGINEER, 
married, age 27, one year Westinghouse Student 
Course, two years’ production control; two 
years’ maintenance ouginoeriug. Desires per¬ 
manent position with future. Will consider 
anything. Location, immaterial. 0-9425. 

GRADUATE ELECTRICAL ENGINEER, 
1929, 22, single; 15 months on General Electric 
Test Course. Desires position with utility or 
maiiLifactming company or with concern doing 
consulting or construction engineering. Avail¬ 
able immediately. Location, Now England 
preferred. C-8028. 

1931 GRADUATE ENGINEER, single, 
age 23. B. S. in E. E, from Lafayette College. 
Ten months’ exixorience as assistant engineer 
with largo belting company. Three months 
radio coil test. Prefers engineering position 
with engineering company or manufacturing 
company. Best of rofei'encos. Location, itn- 
matorial. Available immediately. Slight 
knowledge of Spanish. 0-9422. 

GRADUATE ELECTRICAL ENGINEER. 
B. E. E. degree, 1930, 24. single; eight months 
on Westinghouse course. Assignments covered 
motor apparatus testing and refrigeration 
development work. Desires position with manu¬ 
facturing concern or public utility. Working 
knowledge of Spanish. Initial salary and loca¬ 
tion secondary to opportimity. Reference. 
Available on short notice, 0-9428. 

GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with eight years’ experience in 
industrial plant construction and maintenance; 
railway electrification; power-plant design, 
estimating, and construction. Supervisory 
experience on construction and costs with con¬ 
tractor. Desii’es position with utility, manufac¬ 
turer, or contractor, whore ability to handle 
labor and produce results is a prerequisite. 
0-4428. 

RECENT GRADUATE, 23, Pratt Institute 
in Industrial electrical engineering. Four 
years’ practical experience in installation work 
and operation of substations. Specialized in 
motor control. Desires position with power 
company or related work in manufacturing or 
construction. Location, immaterial. 0-9176. 

ELEOTRIOAL-MECHANIOAL ENGI¬ 
NEER, married, seven years’ experience includ¬ 
ing G. E. Test, substation, and distribution 
with utility, development with electrical manu¬ 
facturer, superintendent of small shop and 
• operation of substations and motor rooms with 
a steel mill. C-1068. 

MOTOR DESIGNER, graduate electrical 
engineer, 33, married, experienced in design of 
a-c. and d-c. motors and'^generators. Available 
immediately. 0-8553. 
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BLEOTRIOAIi ENGINEER, 27. Italian. 
M. S, Harvard University. Dr. Eng. University 
of Rome, exceptional theoretical and research 
grounding, five years' experience best firms 
electrical communication In Italy. United States 
America. Germany. England. Desires position 
for desi^ or research work in Europe. England 
or continent. CV0431. 

ELECTRICAL ENGINEERING TEACH¬ 
ER. B. S. and M. 3. in E. E.. G. S. Test, 
eleven years* teaching experience with recog¬ 
nized technical school. Desires permanent 
position. Available September. Excellent 
references. Age 36. C-6807. 

ELECTRICAL ENGINEER with fifteen 
years' experience in design, constmction. reports 
and editorial work. Available for publicity or 
editorial work on trade publications. Refer¬ 
ences with leading engineering and publishing 
firms can be furnished. B-4022. 

ELECTRICAL ENGINEER, technical 
college graduate, age 36. Ten to twelve years’ 
mechanical and electrical experience in power 
plants, substations, transmission and distribu¬ 
tion systems. Work includes G. E. Test and 
public utility engineering and operation. 
Desires posltiou on operating staff of power 
company. Location, not particular. B-9782. 

GRADUATE ELECTRICAL ENGINEER. 
46. Eighteen years' experience In the manu¬ 
facture of electrical wiring devices, including 
designing, development, testing, estimating, 
cost and* production work. Four years wi^ 
xmderwrlters’ laboratories in charge of a brandi 
office maifiwg inspections, tests, examinations, 
and reports. Desires portion with manufac¬ 
turing concern. Inspection bureau ov e3q;>eri- 
mental laboratory- C-8449. 

ELECTRICAL ENGINEER. 37. single. 
B. Sc. Eng. London University 1920. Six 
years with British Tbomson-Houston Com¬ 
pany. Two years with power company in 
Pennsylvania. Three years with General Elec¬ 
tric Company. Five years war service. Avail- 
ble at once. Any location. 0-2248. 

ELECTRICAL ENGINEER, one year's 
experience test course. Three years* experience 
transmission engineering dep^ment of large 
eastern electrical manufacturer. Desires posi¬ 
tion with utility comi>any. teaching. Thor- 
ou^ly familiar power system short-circuit, 
stability analyses, theory, application of method 
of symmetrica] components. B. S. E. E. 
University of California 1927, 24. married. 
Available July first. 0-9487. 

ELECTRICAL ENGINEER. B. S. in E. E., 
age 80, married. Manufacturing and test 
experience. Public utility transmission and dis¬ 
tribution engineering experience. Sales experi¬ 
ence. Executive and teaching ability. Salary 
expected, open to offer. Position desired, open 
t offer. Available at once. 0-7867. 

BLBCTRIOAL ENGINEER. 28. married, 
four years out. One year power utility course, 
three years telephone and talking pictures. 
Previous experience as oommerdsJ radio opera¬ 
tor. Would be valuable to concern reouirlng 
capable engineer. Position must be permanent 
with future. Location not a guiding factor. 
Best of references are available. 0-7902. 

ELECTRICAL ENGINEER. 80, married, 
graduate 1924. Two years' postgraduate work, 
advanced electrical theory* two and a half 
years' writing spedflcations for the manufacture 
and installation of telephone repeater offices, 
one year at generator design and two years as 
engineer for public utility. Desires position 
with future. 0-961. 

• 

ELECTRICAL ENGINEER, B. S. in E. E.. 
rfn g ia, age 27. Five years' experience with 


electrical manufacturer on the development, 
des^m* and application of lightning arresters. 
Also clos contact with lightning field investiga¬ 
tions of recent years: familiar with this work 
and its results. Position with operating com¬ 
pany preferred. 0-9449. 

TEACHER OF ELECTRICAL ENGI¬ 
NEERING, 37; married. Thirteen years’ 
t.iMu*hing experi^ce: many summers spent in 
practical work. B. S. in E. S. and E. E. 
degrees. Taught all electrical engineering sub¬ 
jects as well as physics, electric thermodynamics, 
descriptive geometry, mechanical drawing. 
Sixteen months* general management large 
college radio station. Available immediately. 
C-9445. 

ELECTRICAL ENGINEER. B. B. graduate 
1924. age 29, married. One year telephone 
maintenance, two years General Electric Test, 
one year research, four years system operator 
large public utility. Experienced radio installa¬ 
tion and maintenance. Desires position along 
line of experience with advancement opportuni¬ 
ties. Location preferred, vidnlty of greater 
New York. Available now. 0-4182, 

ELECTRICAL ENGINEER, 22. single, 
university graduate *31. Desires junior posltiou 
in test or design departments of power ma¬ 
chinery manxifacturhig concern. Experience 
limited. Location preferred, East. Available 
on short notice. C-9447. 

ELECTRICAL ENGINEER, graduate 1931. 
single. Three years* cooperative experlmice in 
public utility maintenance work. Four sum¬ 
mers* experience in ice-cream industry. Desires 
opening offering steady work and possibility of 
advancement. Iiocation and type-of work 
secondary- Available at once. 0-9418. 

ELEOTBIOAL ENGINEER, class *31. from 
a southern technical institute desires a part or 
full-time position as Instructor in mathematics 
or electrical engineering with the privilege of 
carrying graduate work. 0-9415. 

1931 GRADUATE ELECTRICAL ENGI¬ 
NEER, age 26. industrious, rdlable, Russian 
and American education seeks permanent 
connection* Liocation. Immaterial. 0-9455. 

ELECTRICAL ENGINEER. 48. married, 
twenty years' electrical, power, and industrial 
plants experience in constmction. matntenanoe 
of distribution, and transmission lines. Desires 
position with public utility or industrial plant. 
Can qualifjr as electrical superintendent. 
Used to h gwdHng men. Available en riiort 
notice. Canada preferred but would consider 
other location. 0-9459. 

ELECTRICAL ENGINEER, B. S.E. B. ’80, 
age 22. single. One year General Electric Test. 
Desires position in either sales or operating de¬ 
partment of public utility, or in any eiecfrical 
line offering a future* Location, immaterial. 
Available at once. 0-9454. 

GRADUATE IN ELECTRICAL ENGI¬ 
NEERING. 1931. age 26. single, has B. S. in 
E. E. One year of electrical testing with large 
utility company. One year of electrical drafting 
of power and control switchboards. Three years’ 
work in practical electricity. Interested In 
oonstructioa and supervisioa of small plants. 
Avidlable at once. Location, anywhere. 
0-9457. 

JUNIOR ENGINEER. 1931 graduate. B. S. 
B.E.. University of Alabama. Desires position 
with utility, construction, manufacturing com¬ 
pany. Location, immaterial. Experienced in 
power-plant and building installation and indus¬ 
trial control, havii^ been employed tm eight 
summer months and one full year, first as eleo* 
triclan helper and later as first-class electricSan. 
0-9446. 


RAILROAD ELECTRICAL ENGINEER, 
oolite graduate: A. I. E. B.. A. S. M. E. 

A. E. R. A., A. R. A. membership: six years* 
design, construction, and operating experience 
on two laige American railroad electrifications; 
faiTimAi* with American and European practises 
regarding motive power, substations, catenary* 
transmission lines. Excellent references; young. 
Desires position with consulting firm, railroad, 
IK>wer company, or manufacturer. 0-8463* 

GRADUATE in electrical engineering, class 
of ‘29, 25 and single; fourteen months G. E. 
Test. Four months* experience in research. 
Desires position in engineering department of 
utility or manufacturing company offering a 
future. Available at once. Location, eastern 
United States. 0-9003. 

ELECTRICAL ENGINEER. 82. technical 
graduate, twelve years’ experience with public 
utilities: familiar with operation, desigpi and 
constmction of transmission lines, substations, 
steam and hydro-generating stations. Familiar 
with field and office work. Desires responsible 
position with holding company, operating com¬ 
pany or consulting engineer. Location, im¬ 
material. Available immediately. C-6401. 

ELECTRICAL ENGINEER. 36. married, 
technically trained, fifteen years* experience 
covering complete engineering design, super¬ 
vision of power plants, high-voltage switching 
stations, substations, transmission lines, includ¬ 
ing estimates, specifications, purchase of equip¬ 
ment. supervision of construction. E:q>erience 
covms system development, investigations of 
systems for load conditions, expansion, relay and 
stability studies, frequency and load control. 
0-7194. 

ELECTRICAL ENGINEER. E. E. from 
European electrotechnical unlvertity, M. S.from 
University of Michigan; 9 years’ experience with 
public utilities in construction, maintenance, 
and design; three years with Westinghouse 
switchboard department. Inriudlng ^iglneering 
school; desires position of designing engineer 
with public utility or large industrial concern. 
0-4976. 

ELECTRICAL ENGINEER. 22. single. 
B. E. degrees, 1029: M. S. in E. E. from 
M. I. T., 1931; 20 months’ General Electric 
Test isourse. Desires position involving electric 
frnd dev^opment or as instmctor In 
electrical engineering. Iiocation preferred. 
Bast. Available Immediately. C-9462. 

JUNIOR ENGINEER. 1930 graduate. B. S. 
degree in E. E.. assoriate member of Sigma Xi. 
Bight months’ practical experience in research, 
design, and testing with large radio concern. 
Desires position as engineering instructor or in 
any riectrical line offering a future. Eastern 
location preferred. Salary secondary to op¬ 
portunity. 0-0300. 

SALES ENGINEER. 36. married, graduate 
electrical engineer, fifteen years’ experience, 
indudes sale signal and telephone apparatus, 
control and d»arg in g equipment, light machinery 
and its design. Also field supervision, organiz¬ 
ing. technical writing, engineering building 
projects, layouts. spc<^caticm writing, esti¬ 
mating. teaching, lecturing. Available within 
two weeks. Location, vldnity New York City. 
B-247. 

BLBCTBICAL. STEAM, AND MECHANI¬ 
CAL SUPERVISOR, 88. married, twelve years’ 
experience in industrial and power plants. For 
the past four years has had charge of all steam 
and electrical power and maintenance of large 
industrial plant consomlng 4,000 kw. and 1.200 
hp. steam. B-7004. 

GRADUATE ELECTRICAL ENGINEER. 
80. married. Seven years' practical experience 
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In dedgn and construction of substations, elec¬ 
tric distribution bothoverheadand underground, 
with relay application, industrial power layout, 
lighting design, familiar with tbe latest develop¬ 
ments in these lines. Available immediately. 
B-6384. 

ELBCTRIOAl. BKGINBSB, bachelor and 
master degrees; fourteen years' peculiarly 
broad experience In test, research and develop¬ 
ment, standardisation, consultation, university 
teaching, executive work, personnel: familiar 


with both power and radio equipment and 
practise. Stability and opportunity primary; 
initial salary and location secondary. Available 
at once. 04691. 

COLLSaE GBABXXATE, S7, single, B. S. 
In E. B. Eighteen months General Electric 
Test, 22 months telephone equipment engineer. 
Desires position in manufacturing or utility 
company. Location preferred, Middle West; 
however, not essential. Available at once. 
0-9285. 



Hansen, F. A. (Member) Holophane Co., Inc., 
Los Angeles, Oalif . 

Hery, V. D.. Index Machinery Corporation, 
Cincinnati, Ohio 

Karle, J. J.. Ehy-Scheerer Oorp., Long Island 
City, N. Y. 

£3ng, O. J., Montaup Electric Oo„ Somerset, 
Mass. 

Korlk, O. (Member) Home Engineering Co., 
» Philadelphia, Pa. 

Lee, A. O. (Member) Duke Construction 
Company, Durham, N. O. 

Long, W. F., Union Electric Idght A Power Co., 
8t. Louis, Mo. 

Mallory, D. D.. Valparaiso University. Val¬ 
paraiso, Indiana 

Miller, T. H., 1575 Washington Street, San 
Francisco, Oalif. 

Mitchell, I. A., Kenyon Transformer Co.. Inc.. 
New York, N. Y. 

Mowry, O. H„ The New York Telephone Co.. 
Brooklyn. New York 

Murray, J. S. (Member) Follansbee Brothers 


Recommended 
for Transfer 

The board of examiners, at its meeting of 
June 5,1931, recommended the following mem¬ 
bers for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the national 
secretary. 

To Grade of Fellow 

MOWBRAY, WILLIAM X, cons. elec, engr., 
Cranston. R. I. 

WELLER, GEORGE L.. equip, and bldgs, 
engr., The Chesapeake A Potomac Tel. Co.. 
Washington, D. O. 

To Grade of Member 

ASHMORE, JOSEPH, dlst. ■ mgr., British 
Elec. Repairs. Ltd., Birmingham, Bug. 
BIEGEL, EARL J., asst. supt. elec, diet., 
Memphis Fwr. & Lt. Oo., Memphis, Tenn. 
BOROKHOVIOH. JOHN A. asst, engr., 
Brooklyn Edison Co., Brooklyn, N. Y. 
CLARK, EDWIN E., asst. prof, of elec, engg.. 
South Dakota State S<fiiool of Mines. 

^ Rapid City. S.D. 

EVERITT, WILLIAM L., assoc, prof. elec, 
eufi^., Ohl State Universltyi Columbus, 
Ohio. 

GRABtAM. ROBERT W., asst. elec, supt., 
Bethlehem Steel Co.. BufEslo, N. Y. 
GBISCOM, SAMUEL B., central sta. engr., 
Weetinghouse Elec. A Mlg. Co., Bast 
Pittsburgh, Pa, 

HAINES, THOMAS H., supt. maint. of lines 
dept,, Edison Elec. Uhzminating Co. of Bos¬ 
ton, Mass. 

HARTMAN. HOWARD W., design engr.. 
General Elec. Co., Schenectady, N. Y. 
HBLLERN, BERI7HARD, production engr.. 
National Ihdustri, Drammen, Norway. 

JONES,' EVAN R., laransm. engr., IHountain 
States TeL A TeL Co., Denver, Colo. 
KAIGHN, HERBERT E., cons, engr., Wh- 
xahigt«n,Del. 

KiailNt Harry R,« ia., engr,, Brooklyn 
Edison Oo., Inc., Brooklyn; N. Y, 

.IaAEE« MABSSIALL E., pwr, sales engr., 
Dhke Power Oo., Ohariotte, N. O. 

MtBR^ C. WALKER, engr,, ScfUthwestem 
M Trt. Oo., Oklahoma dty. OWa. 
hti^URN, LOYAL B., aast.^ elec. ew.. 
Great Lakes Steel Coip„ Detitdt, Mibblgan. 


OVBBOOKER, RANDALL H., asst, engr.. 
New Jersey Bell Tel. Co., Newark, N. J. 
PURDY, HARRY E., engg. asst., Brooklyn 
Edison Co.„ Brooklyn, N. Y. 

SPOONER, HOWARD M., field engr., United 
Engineers and Ctonstmctors, Inc., Newark, 
N.J. 

STEBBINS, FREDEBIOK O.. engr.. General 
Elec. Oo., Schenectady. K. Y. 

YERKBS, EAJULiE P., engineer of equipment, 
Bell TeIephone.Oo. of Pa., Philadelpliia, Pa. 
YOUNG. HADLEY B., supt., East Canada 
Creek Hydro Sta., New York Power A 
Light Oorp., Littie Falls, N. Y. 

ZBBLBY, JUNE S.. supervisor of inspectors, 
Elec. Dept., Dist. of Columbia, Washing¬ 
ton, D. O, 

Applications 
for Election 

Applications have been received by the sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Assooiatei the grade follows Immediately 
after tbe name. Any member objecting to tbe 
election of any of these candidates should so 
InfSonu the secretary before July 81, 1981. 

Bahlett, O. G., Rodiester Telephone Oorp., 
Bodhester, N, Y, 

Balniford, J, A, (Member) Columbia Univer¬ 
sity. New York. N. Y, 

Barksdale, G. R. (Fellow) Tennessee Electric 
Power Oo., Chattanooga. Tenn. 

Brobson, J. F., I^trolt Daily Mirror, Detroit, 

BuDdey, 0. R., Soutbem Oahfomia Edison Oo;, 
Long Beach, OaUf, 

dark, J. H., Southern California Telephone Oo., 
Los Angeles, OaUf. 

dine, J. B., Southern Indiana TeL A. TeL Oo„ 
Seymour, Indiana 

Bliason, W. L., Ontario Paper Oo., Ltd., 
Thorald, Ont., Canada 

Ennis, A. G., PhllaclelplUa A Beading Coal A 
Iron Co., PottsviOe, Pa. 

Ftnfer, Sidney, PPlioe Department, dty of 
New York, New York dty. New York 
Finley, R. F., New York Central Lfaiei. New 
York. N, Y. 

Foemsler, L. O., llllS-llBth St.. Richmond 


Co., FoUansbee, W. Va. 

Neuschot, B. (Member) Thompson-Starrett 
Co., Inc., New York dty. N. Y. 

Nicol. W. C., Hartford Steam Boiler Inspection 
A Insurance Oo., Chicago, Ill. 

0*Handley. J. A., Western Electric Co., Kearny, 
N.J. 

Rathbun. V, R., Dept, of Public UtUlties, 
Tacoma. Wash. 

Reynolds, F. N. (Member) General Electric Co.. 
Philadelphia, Pa. 

Robinson, F. W.. Stanton Oper. Oo., Pittston, 
Pa. 

Ruddell, L., Kansas City Power A Light Co., 
Kansas City, Mo. 

Scbwabacher, G. P., General Electric Co., 
Bridgeport. Conn* 

Seaman, F. D., Dominion Electric Power Ltd., 
Regina, Bask., Can. 

Smith, 0. C., (toeral Electric Oo., Bridgeport. 
Conn. 

Steates, B. F., 11 dark Place, Utica, New York 
Stevens. O. L. Erie County Electric Co., 
Erie, Pa. 

StflweU, W. B., Jr«, Union Gas A Electric Co., 
Cincinnati, Ohio 

Stone, B. D., State Trade School. WiUimantic. 
Conn. 

Stretch, M. W., Westinghouse Elec. A MfSg, Co., 
Mansfield, Ohio 

Thomson, G. Tk, Hydro Electric Power Com¬ 
mission of Out., Leaside, Ontario, Canada 
Van Home, J. O., Powell, Wyoming 
Wannag, V. B., Western Electric Co., Kearny, 
N.J. 

Welch, W. M., Ben Telephone Oo.'of Penna., 
Philadelphia, Pa. 

Wold, T., Smith A Stone, Ltd., Geoigetown, 
Out., Canada 
45 Dome^c 

Foreign 

Barnes, H. W., Ferranti Ltd., Aldwych, London, 
Eng. 

GanpathL R., The Cochin Electric Oo. Ltd., 
Oocshin, South India 

Gheryan, P. O., fliemens-Schuchert-Werke 
A. G., Berlin, Germany 

Phillips, F. A., Electrical A Radio Service Co., 
HurstviUe, Australia 

Ram, A., Benala Hydro Electric Installation, 
Benala Khurd, Dlst. Montgomery, Punjab, 
India 

Roth, A., Kabelfabrik und DrChtindustrle 
Aktien-Gesellschaft, Vienna, Austria 
Shinohara, K., Ministry of Oomnmnioation, 
Tokyo, Japan 


no^Hovsit, ja>mr k.-, mi «ip^ 
♦iw, SwMte OM. « iM. Oo.. 


Hill. H. Y. 

Ghay, L T., Jr., Padflc Gas A Elective Oo., 
San Franclsoo, OaUf. 


Taylor, M. G., c/<f Venezuela Power Oo., Ltd., 
Barquisimetq, Venezucu^ S. AmArica 
$ Foreign 
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New Books 

In the Societies Library 

^^MONQ the new books received at 
the Engineering Societies Library, New 
York, during May are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 

FaohausdbUokb deb Sohwbisstboh- 
KiE. Deutsch-Englisch-Russisch. Ber¬ 
lin, V. D. I. Verlag, 1931. 31 pp.,, 6 x 4 
in., paper, 2-r. m.-This little diction¬ 

ary 18 intended to supi>lement the general 
engineering dictionaries by providing 
a fist of the welding terms in general use, 
especially those of recent coinage* The 


book been compiled by the welding 
committee of the wrman Engineeru^ 
Socie^ and is unusually successful in 
piovimng exact equivalents for the terms. 

MaoMiuiAN Table Slide Rule. By 
J. P. Bahantine. N. Y., Macmillan Co., 
1931. Tables, 11 x 9 in., paper, S.60.-— 
A set of four numericsd tables imd four 
slides, by means of which the arithmetic 
problems that arise in trigonometry and 
engineeriim may be soIvm without oal- 
or^tion.^Dhe charts answer the purpose 
of an ordinary slide rule. Three to lour 
places can be read direct; five or more 
may be had by interpolation. 

Recording Sound for Motion 
Pictures. Edit, by Lester Cowan for 
the Academy of Motion Picture Arts 
and Sciences. N. Y., McGraw-Hill 
Book Co., 1931. 404 pp., illus., diagrs., 

charts, tables, 9x6 in., cloth. $5.00.- 

A textbook upon the technique of making 
sound pictures, prepared by a number of 
experts. The equipment for recording 
and reproducing soimd is described in 
detail, as are also the manipulation of the 
film and the problems of studio acoustics 
and of recording. The book is the first to 
present a systematic account of practise 
in its field. 


Mechanical Laboratory Methods. 
4th edit. By J. C. Smallwood and F. W. 
]^tor. N. Y., D. Van Nostrand Co., 
1931. 386 pp., illus., diagrs., charts, 

tables, 10 X 6 m., cloth, $3.60.-—Dura¬ 
tions are given for testing and c^bratmg 
scales, Perimeters, brakes, fluid metere 
and other instruments, for analyzing fuels 
and determining their heat valne, and for 
testing engines, boilers, pumps, refriger¬ 
ating machinery, lubricants and electrical 
maoninery. The principles underlying 
the methods are given, and the dilutions 
are dear and concise. This edition has 
been revised and rearranged to conform 
with modem requirements. 

Spons' Electrical Pocket-Book. By 
W. H. Molesworth. Lend., E. & F. N. 
Spon; N. Y., Spon & Chamberlain- 
4th edit., 1931. 401 pp.. diagrs., charts, 

tables. 7x4in., leather, 12.60.-Small 

enougn to be carried in a coat pocket, 
this work of some 400 pages contains a 
careful selection of material frequently 
needed for rderence by engineers, par- 
ticulPy those engaged in cent^ station 
work, transmission and railroading. 

Theory wid Practice of Radio Fbb- 
QUBNCT Measurements. 2nd e^t. By 
B. B. MouUin. Lend., Charles Griffin « 
Co., Ltd.; Phila., J. B. Lippincott Co., 
1931. 487 pp., illus., charts, diagrs., 

tables, 9x6 in., cloth. $12.60.- A. 

practical laboratory guide covering aU 
the measurements usually made and 
giving clear, detailed methods for making 
them. The new edition has been almost 
doubled in size and largely rewritten. 


ORDER FORM FOR REPRINTS OF FULL PAPERS ABRIDGED IN THIS ISSUE OF 
ELECTRICAL ENGimERING* 


(July 1931) 
Number 

□ 31-4 

□ 81-3. 

□ 31-10 

□ 31-20 

□ 31-42 

□ 31-57 

□ 81-79 

□ 31-82 

□ 31-85 

□ 81-86 

□ 31-87 

□ 81-88 


Author 


Title 


L. V. Bewley.Traveling Waves on Transmission Systems 

J J Torok. An Experimental Lightning Protector for Insulators 

R. R. Pittman and J. J. Torok.lightning Investigation on a Wood Pole Transmission Line 

Philip Spom.. .1929 Ligh^^ 132-Kv. Transmission lines of the 


Am. Gas and 

J C Dowell.Attenuation and Successive Reflections of Traveling Waves 

P A Cowan.Recent Developments in the Operation ot Overseas Radio Telephone 

Service 

PhiliD Suorn and W. L. lioyd, Jr.1930 lightnii^ Investigations on the Transmission System of the Am. 

^ ^ Gas and Elec. Co. 

C. L. Fortesoue and R. N. Conwell.Lightning Discharges and line Protective Measures 

Otto Brune and J. R. Eaton.Experimental Studies in the Propagation of lightning Surges on 

Transmission lines 

I W Gross and J. H. Cox.Lightning Investigation on the Appalachian Elec. Pwr. Co.’s Trans¬ 

mission System 

W. W. Lewis and 0. M. Foust.Lightning Investigation on Transmission lines—II 

F W PAfik Jr .lightning, Characteristics—Induced Voltages ^Direct Strokes CJo- 

’ . ordination—Transmission line Design 


fl Sl-89 Edgar Bell and A. L« Price. 


Lt. uo. 
Name. 


Investigation on the 220-Kv. System of the Penn. Pwr. & 


♦Members. BnroUed Students and subscribe are. 
entitled to one complete copy of any papw abridgM 
if it is requested wilddn one year from date of its 

DublicationinBLaOTBxoAitBNOiKNBiKq. Thereal^ 

charge of twenty-live cents per complete copy will Address..... 

btatn. * *.* * * * 
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Selected Items From 

Ensineering Index Service 


C 

wELBCTED references to current 
electrical engineering articles from 
Engineering Index Service’s review of 
some 2,000 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foi'eign articles at 
cost. 


Ammeters 

HIGH FREQtJENGY. A Method of Com¬ 
paring Ammeters At Very High Frequencies, 
C. L. Fortesciie and L. A. Moxon. Sci. Instru- 
merits — JL, vol. 8, no. 3, Mar. 1931, pp. 94-97, 
5 flgs. Considerable diCflculty has been experi¬ 
enced in comparing ammeters at frequencies 
above on© million cycles per second with rea¬ 
sonable degree of accuracy; means of overcom¬ 
ing these diflicultios are described and final 
arrangement is reliable up to frequencies of 
100 million to within accuracy of 2 per cent. 

Brushes 

COMMUTATOR. Double Brush-Holders 
Improve D-0. Machine Operation, A. M. 
Harrison. Power, vol. 73, no. 15, Apr. 14, 1931, 
pp. 58G-587, 3 figs. Under certain conditions 
use of double brush-holders on d-c. machines is 
advantageous, while on other machines they 
may be objectionable. 

Cables 

TAPER INSUEATED. The Manufacture 
of Uead-Oovered Paper-Insulated Telephone 
Cable, J. K. Shea. Mech. Eng,, vol. 53, no. 4, 
Apr. 1931, pp. 277-283, 17 figs. Particulars 
regarding new developments comprising direct 
application of wood-pulp insulation, improved 
cable stranding, vacuum drying, and central 
melting of largo quantities of lead alloy and its 
distribution through piping to number of sheath¬ 
ing presses. Before “Three-M” (Management, 
Materials, Maintenance) Congress, Cleveland, 
Ohio. 

, RUBBER INSULATED, TJeber Maschineu 
zur Plerstellung von Kabeln (Machines for 
Manufacture of Cables), M. Pollman. Gummi- 
Zeitung, vol. 45, nos. 21 and 22, Feb. 20, 1931, 
pp. 876-877 and Feb. 27, pp. 914-916, 7 flgs. 
Particulars of so-called wire-covering machines 
of both vertical and horizontal type for covering 
of thin and thick conductors. See reference to 
previous articles by author in same journal, in 
Engineering Index 1930, p. 645, and Engineer¬ 
ing Index 1929, p. 603. 

SUBMARINE. Some Economic Factors in 
the Design of Single Core Submarine Cables for 
Carrier Telephony, J. R. Vezey. Elec, Com- 
miinicaiion, vol. 9, no. 4, Apr. 1931, pp. 217-221, 
4 flgs. Having decided on length, attenuation, 
and number of speech channels for any cable, 
relative proportions of weights of central con¬ 
ductor, dielectric and return conductor to obtain 
lowest cost can be varied over wide range; 
further feature, brought out by study, is that 
maximum length of cable over wliich it is pos¬ 
sible to work fixed number of channels, varies 
relatively little within limits of practical sizes of 
core. 

TELEPHONE. Buried Tape-Armored Ex¬ 
change Cable, O. W. Nystrom. Telephony, 
vol. 100, no. 14, Apr. 4, 1931, pp. 22-25, 10 flgs. 
New method of underground exchange construc¬ 
tion applicable to suburban residential areas; 
method and materials used in burying tape- 
armored exchange cable; cable placed in either 
hand or machine-dug trench. 

Circuits 

HIGH-VOLTAGE. A Note on the Timing 
of Electrically Independent Transient Oncuits 
for High-Speed Oscillographic Work, L. B. 
Snoddy and. J. O. Street. Gen. Elec. Rev., vol. 
34, no. 4, Apr. 1931, pp. 258-259, 3 figs. Method 
for initiating discharge in Mgh-voltage circuits 
at definite time has been developed and applied 
to lightning generator voltages up to 430 kv.; 
method uses combination of over-voltage and 


irradiation by ultra-violet light; it has advan¬ 
tage that it requires no electrical connection 
between tripping circuit and high-voltage side 
of impulse cii-cuit. 

Circuit Breakers 

ELECTRIC. Oil-Less Switchgear. Elecn. 
(Land.), vol. 106, no. 2760, Apr. 24, 1931, pp. 
611-612, 3 flgs. Siemens-Schuckert works and 
A. E. G. have, as result of experimental work in 
their laboratories, put on to market high ca¬ 
pacity oil-less switches, thus showing their con¬ 
fidence in methods by which they have tackled 
problem; switches of both these types were on 
view at Leipzig Technical Fair. 

Conductivity 

The Electrical Conductivity of Some Bismuth 
Alloys at Low Temperatures, J. O. McLennan, 
J. F. Allen and J. O. Wilhelm. Roy. Soc. 
Canada — Trans., vol. 24, pt. 1, section 3, May 
1930, pp. 25-32,1 fig. Investigation to find how 
superconducting point of lead would be affected 
by alloying this metal with bismuth and with 
antimony; also to determine superconducting 
point of some of fusible alloys of which bismuth 
is constituent. Bibliography. 

Control 

CHEMICAL PLANTS. Centralized Con- 
trol Improved Production, A, J, A. Peterson, 
Instruments, vol. 4, no. 2, Feb. 1931, pp. 51-53, 
2 figs. Large chemical plant in Niagara Falls 
applied to its problem of machine and load 
control, same principles used in central station 
industi’y; in this plant, operator must control 
and supervise 10 to 14 manufacturing units, all 
forming heavy electrical loads, and must super¬ 
vise incoming supply as well. 

ELECTRIC HEATING. Radiation-heating 
Oontrol, O. G. Keys Hallett. Elec. Rev., 
vol. 108, no. 2785, Apr. 10, 1931, pp. 626-627, 
4 figs. Remarkable economies in current con¬ 
sumption and gains in personal comfort result 
from use of radiation thermostat or “Eupa- 
theostat" as compared with ordinary air 
thermostat. 

Controllers 

Misapplications of Oontrol Equipment, H. O. 
Jenks. Indus. Eng., vol. 89, no. 3, Mar. 1931, 
pp. 110-113, 4 flgs. Putting control equipment 
in service for which it was not designed fre¬ 
quently causes trouble; practical discussion of 
control equipment breakdown and methods of 
prevention. 

Currents 

HAZARDS. Note sur la tension non 
dangereuse des courants glectriques (Safe 
Voltages of Electric Currents), Feraud. SociM 
Francaise des Electricians — BuL, vol. 1, no. 3, 
Mar. 1931, pp. 288-301 and (discussion) 302- 
305. Qualitative definition of safe voltages; 
influence of characteristics of source on hazards, 
influence of outside circumstances at source on 
hazards; dangerous current; quantitative analy¬ 
sis of safe voltages; conclusions. 


Dielectrics 

X-RAY ANALYSIS. X-Ray Studies of 
Motions of Molecules in Dielectrics Under 
Electric Stress, R. D. Bennett. Franklin In.^L — 
JL, vol. 211, no. 4, Apr. 1931, pp. 481-487, 7 figs. 
Experiments at Ryerson Physical Laboratory 
lead to conclusion that molecular group state of 
liquid is accentuated as liquid solidifies leading 
to definite crystalline structure, which can be 
strongly oriented by electric field: it is con¬ 
cluded that X-ray methods may prove useful 
tool in investigation of molecular motions in 
dielectrics. 


Electricity 

Electricity—^What It Is and How It Acts—L, 
A. W. Kramer. Power Plant Eng., vol. 35, no. 9, 
May 1, 1931, pp, 514-616. Electron and proton 
as factors in explaining radiation from sim and 
stars, 

Eiectric Drive 

BLOOMING MILLS. 5000 Hp. D-0. 

Motor Drives New Algoma Rail and Structural 
Mill, A. F. Kenyon, Elec. News, vol. 40, no. 7, 


Apr. 1, 1931, pp. 54-56. 4 flgs. Demands of 
Canadian railways for longer and heavier steel 
rails has necessitated complete rebuilding and 
electrification of the rail and structural mill of 
Algoma Steel Corporation, Sault Ste. Marie, 
Ont.; initial rolling of 26 in, x 26 in.—13,500 lb. 
ingots is in electrically driven 35 in. reversing 
blooming mill, ingots being reduced to 10 in. 
X 10 in. and smaller blooms, depending upon 
product being rolled in finishing mills. 

PAPER AND PULP MILLS. New Mill 
Drive at Smith Paper Co. Aids Heat Balance, 
R. A. Packard. Power, vol. 73, no. 13, Mar. 
31, 1931, pp. 504-506, 6 figs. Synchronous 
motor on turbine shaft permits unit to be 
governed by low-pressure steam demand; sur¬ 
plus or efficiency of power being taken by 
utility system; diagram of steam distribution at 
Columbia mill; diagram of main electrical 
connections. 

PUMPS. Selecting the Motor to Suit the 
Pump, E. C. Dieflenbach. Power, vol. 73, no. 
17, Apr. 28, 1931, pp. 656-659, 6 flgs. Starting 
conditions and nature of various loads deter¬ 
mine motor and control: to choose wisely, both 
motor and pump characteristics must be under¬ 
stood; drives for reciprocating, centrifugal, 
rotary and screw pumps are discussed; charac¬ 
teristic cm'ves. 

ROLLING MILLS. Modernizing Rolling 
Mills Electrically. Iron and Steel Industry, 
vol. 4, no. 7, Apr. 1931, pp. 235-238, 4 flgs. 
Examples of modern main drives for rolling mills 
carried out by English Electric Co.; sheet-mill 
and merchant-mill drive; large motor for Brown 
Bayley and Co.; exciter set for mill motor; 
strip mills and cold-roll drives; heating of 
sheet-mill rolls; special tube-mill installation; 
frequency standardization; switchgear, 

WIRE DRAWING MACHINES. Electric 
Equipment for Whe Drawing, T. R. Rhea. 
Wire, vol. 6. no. 5, May 1931, pp. 165-167-170 
and 185, 8 figs. Various types of machines and 
type of motors and control which experience 
has determined as most suitable. 


Electric Equipment 

AUTOMOBILES. Modern Electric Equip¬ 
ment of Motor Vehicles, V. A. ICarpov. Elec- 
tritcheslvo, no. 2, Feb. 1931, pp, 69-76, 10 figs. 
Systematic review of electric equipment of 
motor cars, tractors, and motorcycles; typical 
schemes of electric equipment for modern motor 
vehicles of different systems applied in U.S.S.R. 
and other countries; power-supply systems and 
electric accessories are critically described. 
(In Russian.) 

MAINTENANCE AND REPAIR. Mainte¬ 
nance Methods for Electrical Equipment. E. L. 
Richards. Power Plant Eng., vol. 35, no. 6, 
Mar. 15, 1931, pp. 360-362, 3 flgs. Systematic 
maintenance schedule insures against shxitdowns 
and anticipates repair work; Importance of 
inspection schedule and records; maintenance 
record forms. 


Electric Lines 

HIGH TENSION DESIGN. Design of 110- 
and 132 Kilovolt Steel Tower Transmission 
Lines. Nat. Elec. Light Assn. — Report, no, 17, 
Mar. 1931, 16 pp., 3 figs. Condensed discussion 
of more important factors entering into design 
of 110- and 132-kv. steel tower transmission 
lines showing what items enter into transmission 
line specification together with some indication 
of typical practise with respect to each item, 
i. e., location, electrical clearances, conductors, 
tower loading, transmission tower specifications; 
insulation; telephone lines. 

PROTECTION. Protection of Rural Lines. 
Elecn. iLond.), vol. 106, no. 2760, Apr. 24, 
1931, p. 610. Discussion by Overhead Lines 
Association on control and protection of rural 
lines; standard nomenclature is needed; oil 
and air break switches compared. Before 
Instn. Elec. Engrs. 

Electric Power 

RAYON PLANTS. Eleetrlflcatiion of a 
Rayon Mill. Elec. Times, vol. 79, no. 2056, 
Mar. 12, 1931, pp. 473-475, 6 flgs. Power 
generation and distribution in Sunsheen’s Mills. 
Ballymena, Ireland, with special reference to 
problem of cabling and wiring; current is gener¬ 
ated by means of two steam-driven turbine- 
generators, main unit of 820-kw. output, at 
400 volt, 50 cycle, three-phase, neutral point 
being brought out, so as to provide 230 volts for 
lighting; second turbine set is of 100 kw.; steam 
is raised in three Lancashire boilers 8 ft. by 30 
ft., working at 180-lb. pressure and superheated 
150 deg. fahr. 

Electric Towels 

TESTING. Testing Full-Size Transmission 
Towers, N. B. Obbard. Eng. News-Rec., 
vol. 106, no 18, Apr. 30, 1931, pp. 736-737. 
4 figs. Description of plant of American Bridge 
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Oo.> in Pittsburgh, equipped to test towers up 
to 100 ft. in hei^t, either on fixed grillage or on 
th^ own earth anchors; wind and conductor 
loads applied simultaneously at as many as 
seven points by pulling rig actuated by 60,000- 
lb. mechanical screw. 

Electrodes 

rOTENTIALS. T]i« Mernat Bquatton— 
A New Equation for Electrode Potentials—1, 
M. Meyer. Chem. Nem, vol. 142. no. 8701, 
Mar. 20. 1981. pp, 179-183, 2 figs. Many cor¬ 
rections have b^n applied to ooncentranon of 
‘‘active” material in effort to secure bettw 
agreement: all save “activity” coefficient fail; 
textbooks stiU make curious comments about 
equa^n; since electromotive force measure¬ 
ments may be made with great preddon it may 
be of interest to examine some and also another 
possible equation which, however, because of 
ito nature, seems only of academic Interest. 
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27-30. 6 &;8.: see also Iron €uid Steel CanadOt 
vol. 14. no. 2. P b. 1931. pi^ 80-32. 8 to. 
Oanadian Tube and Steel Products. Lt^. 
Montreal, has become independent for them 
sted ingot and rod requirements through 
installatmn of electric steel-melttxig furnaces; 
Installation consl^ of two Volta furnaces of 
Heroult tsrpe; electrode arrangements; furnace 
tilting; oxidation and reduction; low voltage 
use; ingot stripping. 

Generators 

HIOH-VOLTAOE. New Surge Generator. 
B/ec. J/.. vol. 28. no. 4. Apr. 1931. p. 246. 
2 to. Trend toward increased iosulatlon for 
given operating voltage has necessitated higher 
and bi^er testing voltages in recent years;, 


BUSINESS RELATIONS. SbaU We Revise 
Our Clonceptions of Engineering Functions. 
Jj, B. Jermy. Machine Design ^ vol. 8 , no. 6 . 
May 1931, pp. 23-26, 2 figs. Study of relation¬ 
ship and responsibilities of en^eer to prindpid 
departments of industrial organization; chart 
illustrates relationships of chief engineer. 

EDUCATION. A Suggestion for Bnginj^, 
ing Education. L. E. Moore, Boston Soe, Ctoil 
Bnors.^L, vol. 18. No. 4. Apr. 1931, PP. 96-102. 
Development of engineering education; engi¬ 
neering spedalties; search for school to meet 
for training: suggested course for stu¬ 
dents in englneemg, natural philosophy, and 
sdenoes; author criticizes existing system for 
turning out men who are too often narrow 
technicians instead of sdentifict^y edu^ted 
gentlemen, capable of taking hold of any 
branches of applied sdence and by study 
spedaliztng in them. 

INFLUENCE ON CIVILIZATION. Tech¬ 
nology and Material Progress. W. B. Whitney, 
Science, vol. 73, no. 1877. May 8,1981, pp. ^7 
480. It is cltdmed that accumulated data of all 
material progress never were so great and never 
80 uniformly appreciated; those who are in- • 
terested in teduucal progress look at it as con¬ 
tinuous. but do not necessarily overrate its 
Importance; there must be pwidlel ^van<» for 
h^er values in man. Before Am. Philosophical 
Soe. 

En^eers 

RESPONSIBILITY. The ResponslbUl^ of 
the Engineer, R. V. Wright. Bngrs. and Eng,, 
vol. 48, no. 4. Apr. 1981, pp. 73-75. Economist 
as w^ as engineer has b^n sticking too much to 
cold facto and seems to have overlooked fact 
that most precious fa^r In indus^. human 
element, must be haadi^ in entirely different 
way from materials and natural forces: now 
great problem of en^eer Is to deal with human 
fife in todustry. Before Engrs. Olub. 

Exciters 

TURBO-OENERATORS. Turbo-Generator 
Exciters. W. Sh^. Blec, Times, wl. 7^ no. 
2069, Apr. 9 , 1931, pp- 659-660. 6 flgs.^ Preb- 
abl lines of progress and subsequent develop¬ 
ments in connection with manufacture of 
turbo-generator exciters; s^je^^ as curect 
bearing upon possibffity and advisability of 
making conthmous-current exciter remote from 
turbo-generator. 

Furnaces 

ANNEALING. Electric Annealing of Alu¬ 
minum. Foundry Trade JL, voL 44. no. 763* 
3 , 244.^1 fig.:, see also AWoJ 

md 

ft himimim sheets'^ bu^e" sm^T 
Gen^nOlBlectrlc Oo.. has installed ^e singae- 
track multi-car type electric annealing,furnace 
which has efl ctlve hearth area 24 ft. long by 
7 ft. 6 in. wide in works of AJumlmun, Omp., 
Dolgam>g. Oamarvonshire; furnace has electric 
loamng of 150 kw.. heating elejhente.airaoged to 
CKDsure phasal balance on 440-volt, 3-pluuto, 
60-cycle supply. 

heat treating., Anneals in 

Artificial Atmospheres, J. O. woodson. Elec, 
38, no. 4. Apr. 1081 Jpp. 246-247. 8to. 
Po^illties of annealing in artificial, atmos¬ 
pheres. which process is still in development 
stages, are not Known; however, certain surface 
can he obtained that reduce number 
of subsequent operations and greatly increase 
die hfe and r^uce madbine work; vanous types 
of electric furnaces are lUustratod. 

STEEL MAKINA Montoe^ 
duces Electric Furnace Steel in Quantities. 
Con. Maehy,, vol. 42, n . 6, Mar. 6, 1981, pp. 


tory: new eqidpment will grwtly fa^tate 
development work on insulation, as it is now 
necessary to determine performance on lightning 
voltages of all high-voltage apparatus. 

High-Voltage Surge Testing. F. B. Benedict. 
Bfec. Jl.. TOl. 28. no. 4. Apr. 1831. PP. 210 .218 . 
10 fl^. Ih perforn^g high-voltaire surge tests 
on apparatus it is essent&l that sha^ of surge 
generator wave be under accurate conwol; steep¬ 
ness of wave front, magnitude of crest, and dura¬ 
tion of taU can all be varied by use ^pf proper 
circuit constants; eUmination of oscillations at 
crest of wave is of considerable Importance from 
standpoint of voltage measurement. 

Grdnndiiig 

CABLES. Der Doppelerdschlusstrom In 
Drehstromkabeln und seine Binwirkung auf 
benachbarte Fernmeldekabel (Double Ground 
Ourrent in Three-Phase Gables and ito Effect on 


Odi^ is studied on ba& S*eqSvaSmt dreuit 
diagrams; it Is concluded that, wltii considera¬ 
tion of loads alrea^ present before occurrence 
of double ground, networks fed from one end 
are to be considered as networks fed from either 
end; protection is deduced ftom, impe^Umce 
dU^nnuns; study of harmonics. Bibliography. 

Heating 

BUILDINGS. Building Heating. Elec, Beo,, 
vol. 108. no. 2786. Apr. 17. 1931, pp. 689- 
690. 3 figs. Advantages of load are such as to 
justify low rates; notes on electrode boiler and 
thermal storage: tabular and panel heating; 
ele<^clty and heating load. 

Hydroelectric 

PIPE LINES. Design of Pipe lines for 
Hydroelectric Plants, J. S. Carpenter. Power 
Plant Eng., vol. 36, no. 7, Apr. 1, 1931, pp. 
418-419. To secure most economieiJ design of 
pipe line for given condition, diame^ and 
thickness are figured by modification of Enger s 
formula. 

POWER PLANTS. The Economics of 
Power Plant Design, H. G. Acres. Blec, News, 
vol. 40, no. 7. Apr. 1. 1931, pp. 36-38 and 47. 
8 figs. Fixed cluirges and operating exronses 
should be considered as deflate toors in dotign 
of all ptwts; tbifl is well Ulus^t^ in design 
and construction of recently cpmple^ develop¬ 
ment for municipality of Edmundston, New 
Brunswick. 

Hydroelectric Units Operated as Ckindensers, 
H. A. Von Biff. Power, vol. 73. no, 17. Apr. 28, 
1931. pp. 666-669, 6 figs. Opereting hydro- 
^ectoic units as sFiiohronous condensers under 
certain load conditions offers ppssibiUtito of 
large economies in plant operation; units in 
Holtwood plant of Pennsylvania Water and 
Power Company operated as condensers; 
metood of solvmg problems encountered in 
operation and saving attained from condenser 
operation; curves of water saving by condenser 
operation on 26-60 oyde system; power for 
condenser operation. 

Automatic Operator for 60,000-Hp. Stotiim, 
A. C. Clogher and E. N. Peterson. Elec, ^^Id, 
vol. 97. no. 16, Apr. 18 , 1931, pp. 7J6-722. 7 
figs. Control of system frequency, dlvM<m of 
load be^een i^ts and change of one unit from 
generator to condenser operetton we 
matically very succeserully performed at 
Morony hydroelectric developmOTt of Montaim 
Power Co.; station is located hOssomi 
River about 18 ml. below Great Falls, Mont.; 
two i^,600-kw. units are installed. 

Rode Idand—A Poirer Development, on the 
Columbia River, T. B. Parker. Htec. LigM wd 
Power, vOL 9. no. 6, May 1931, PP-, ^2-^:7 ^gs. 
^drodectric development is hum for 

Washington Electric Co., subsidiary of Puget 
Itoi^^power A Light Co., principal distribu¬ 
tor of power in wesSSm Wasttoton: It 

large low-he^ development in Northwest; 


designed for ultimate capadtv of llMXpOO 
under normal head f 48 ft.: initial installatim 
wiU be 60,000 kw. 

Industrial Progress 

RUSSIA. Russia. H. L. Cooper. JSngrs, 
and Eng,, vol. 48, no. 4. Apr.,^1931. pp. 76-M. 
How communism has come about, as tola 
ooD^ting engineer for 800,000-hp. hydioelectoic 
and navigation project under construction <m 
Dnieper ^ver in Russia; statistics of. Dniehro- 
stroi hydroelectric projects; organization and 
how work is being done: stotlstics about 
Dnieprostroi hydro^ectric development; notes 
on Ffve-Tear Program. 

Insulation 

The Physics of Insulating Materials—^V, 
A. M. Thomas. World Power, vol. 16, no. 88, 
Apr. 1931. pp. 307-310. Failure of dielectrics 
under stress; discharges in solids; mech anical 
deformation of dielectric due to electric force. 
Bibliography. 

LINES, HIGH TENSION. Performance of 
Wood Insulation in Tra n sm i ssion Lines, F. B. 
Andrews. Elec. World, vol. 97, no. 17, Apr. 26, 
1931, pp. 780-782, 6 figs. No interruptions due 
to lightning flashover as indicated by Un Mp- 
outs and no cases of 60 cycle power arcs follow!^ 
lightning flashover are recorded for 1930 on 90 
rm. of all-wood constructed 33-kv. lines on 
Public Service Co. of Northern Illinois’ system; 
this performance compares with respective 
figures of 42 and 30 for same items per lOO miles 
of line on 1026 mi. of previous construction. 

MACHINERY. What is Good Insulation on 
Electrical Machines, J. L. Rylander. Power, 
vol. 78. no. 11, Mar. 17,1981, pp. 4387 ^ 1 , 6 to. 
Insulation failure is common evu of all electrical 
equipment; outline of methods for determi^g 
figure when cleaning and drying of electrical 
machine; effect of moisture and temperature; 
insulation values of different types of electrical 
machines as determined by tests. 

MICA. The Permittivity and Power Factor 
of li^cas, C. Dannatt and 8. B. GoodaU. 
Jnsln, Elec. Engrs.—JL, vol. 69,^ no. 412, Apr. 
1931, pp. 490-496, 6 figs. Attention is drawn to 
electr^e difficulty in testing mica, and tests are 
described which show order of contact effect 
which may be obtained with ordinary mercury 
^ectrodes; means are described by which^ec- 
trode contact effect with mica may be entlr^ 
eliminate, and test results are ^ven proving 
this point; tost results on i>owor factor and 
permittivity of ruby, green, and amber micas 
are given. 

light and lighting 

HIGHWAY. Illuminated Highways m 
Safer, D. M. Diggs. Nat. Sa/eiu News, vol. 23, 
no. 6, May 10^, pp. 19-20. 68 and 60, 6 fig. 
Examples showing that modem higpiway 
ing lessens dangers that lurk in obrknesB and 
aids night travel. 

INDUSTRIAL. Maintenanw of toe Dlu- 
mtoation Sirstem of an Industrial Plant, R;;0. 
Smith. Mech. Eng., vol. 63, no. 6. May 1981. 
pp. 871-376. 6 figs. Details and results of 
efficiency and depredation study of sjio^p- 
Hgh ting fixtures imdert^en to obtain definite 
data upon which to base recommendations 
regarding lamp renewals and cleaning schedule. 
Before^Three-M” (Management. Materials, 
Maintenance) Oongress. Cleveland, Ohio, pre¬ 
viously Indexed from advance paper. 

MEASUREMENT. The Photoelec^c 
and Electric Clock as a Means of Record^ the 
Daily Hours of Bright Sunshine. W. A. Thoi^ 
son. Can. JL Research, vol. 4, no. 8. Mar, 1^^ 
pp. 299-303, 2 figs. Is ProteJi®!! 

whereby accurate record of dally hours of brimt 
suns^e Is made by electric dock, contreueiL 
through relay, by Int^ty of light inddent 
upon cathodes of suitably exposed photoeleotric 
ceU. 


lightning 

HEASUBEHIENTS. Ju^ment# for UAtj 
nin«f Measurements, C. M. Foust. Gen, Elet^ 
voL84rir4. Apr. 1931, pp. ^5-246. H 
figs. Latest developments and application of 
surge-voltage recorders; catoode-ray os^o- 
graphs; Ughtiiing-stroke recorders; surge indicar 
tors; Ughtning-soverity meter. 


lightning Arrester 


The Theory of Surge Absorbers. J, M. 
Thomson. Eiec, News vol. jW, no. 9, May 1, 
1981, pp. 41-42, 2 Am. Device to^ Is es^ 
daily am core bdudiwee connected in se^ 
with line, dose to apparatus to be protected, 
and is operated by wave-firont steepness or 
surge. 
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Magnetic Testing 


. STEM* NoQrDdStpnictlvB Tasfui 

Magnetic Dust Method, XvTdS'SSt 

1694-W&A 1931,^! 

5 Methods vuang magnet!^ 

faces, fatigue cracto ■ in forgings and defecta 
^ 8**^ 


Potentiometers 


Motor-Generators 


Auton^tic Emergency Generathurfieia D a 


TyP® Potonttometer. 
?iff?i ^Th^ are two uaprovemente in design 


«* wuiwii resisiianoes Pectins 
addition of another 
ceU dial, making it possible to adjust 
s^d^ cell circuit to five p^SItSd o?^ 



Motors 

FRACTIONAL HORSEPOWER TIia 


which 

wmyaawnaoq uu» may eaeUy lei^ to 

to diort-circmt rotor 

windings when motor has run tm to rmrnvi 

neeeasnrir *n Amr«1i>-.r ilZl » « 

gdeidceor 
-^dyimtages 
designed line of 

SSSfg®T.i'l'“ >« 

• PP- «8«8S. 1 flg. Aiuil^ 
Shows ^t they cw be so classified as to r^er 


1 , yyyvvin, j 

ma chin es in outn 
hp. at speeds off 



R?l»y Connections, O. F. 
Elcc, Wist^ vol. 66, no. 4. Aor i io<ii 
1 Mo^ expedient metiiod ot 
voltmeter and am- 
with wattmeter, and from r^- 
JSS£i«^1“ outlined, sufficient data are 

Ss?-piSSS tS fi?“m,?uted- 

tS&fe?? wSgoffl? *®“*~‘“«** 

A Factor Automatically. 

fi[*3f8® to<&W*l pUmt It Js posstbl^ 

controlling field current of Uiwe 
ffimchronous motor, to mAfatAtyi njant noirar 
^*^^®ral>le^wer rate Is ob&i?M 
aSSS5mJJ£?^ I»wer factor and other operating 
SSS? of power factor. Inroiffing 


methods dep^d on condition for osciUatlon in 

ora^StS 

9§^^^^^*rORS« Osculation of Ele 4 »f'rfA 

obt^ed by use of meth^ 
wiuco aeponos on formation of Hertzian vectors. 

^ Automatic Recorder of 
R®^L^q2i% o Beacon Tranamttter, 

R. u SnUth-Rose and H. A. Thomas .Si 

ai a’ Mar. 1 ^ 1 , pp! 

apparatus which has 

«Wf.2SSSffi.sffiSfli 

px)m tj^ rectifier operates relay ana uen whiAii 
upon sheet of paper (Saced 

Tke Resistance Oana,v 

Coupled Ti^onaer. 

a saj ?’^ Mw&,» 
^ ~Sr.SS»‘T!2 liS^^ 

S»3gJiMa:.r&6s 

dSS&JS?®?.?® of potent soiSS of 

®^po of additional iron rore 
capa^ty of resistance as compared 

sSoSaas^aMssKf*^ 


Networks 


MEASUREHBNT. Slimle Rww-Paetor «A^ Bntineer, vol. 161. 

Measurement, O. Wlsmer. B/ic wI^WuSa 22:.2i^* APr. 10. 1981. p. 418, 6 figs. 

hJS^hPf- 186-187, 2 flgf• If opfc <?P^- Rby^wmatlonal 


iivSS?isy v. 

no^ii SSS®* World, vol. 97. 


s^artte tf It isappHed to severSfvollSgel^S 

g^i^S^ISS'SSg Power Supply 

improves sendee stands^ 


by three-ahimeter method* meSii5d22B®2A? 

SS?—*«y >*I«S of thSliSa^^ 

SSS!S.SL5*'“*ir°“*'* *® Impt; egi^& 

satisfactory results can usually be obtalnea wii£ 
gto one ammeter If fmr slmpVw^SSe^ 


System of Dlefeplbut!on;j. F. Heslop. 
^hJOS, no, 2788, Mar. 2^1931 
dWadbed is rfAtwi^ to 

-.i-SKs&SSSLI^^^ 

JoSam should be spaced 

eS?S.?to*SSf‘(io5r“^ oondnctorf^ 

inS5S5S8OT?Fbo;SS|“8l5g jSI& 

S2jw2J5!Si 2f MiSwh, pp 

to diversity. itSI ftStor 
iSSd 1 ?Sw? 2J? Percen^e^ 


no.,,™, 

-oiar. 81 by International 
MaSrfSTaSi,,laborotorieTof 

of Paris; by means of 
t^egraph e^pmentf 
PrentA engineers, in Paris 
telephone communication 

Kailroad 

..B^^Ain^TION. Suggestions as to 
vpl. 41, no. 6, Mar, 1981 pnTflKAi-o^** 

SSSSSf^saSJnf^**^®”ApiSS: 


*Oi lw31, 

outsCwidlng inistenati^i 

trolley Wers."??! 



^t^KvvVf^* , AjramsmiHsion ana ois- 

iSSSS^l loaded with wattless cur^ 

eoonomioilly; remedy UkMm 
wider application of synchronous motor. 

Rating 



In Electrification Progresses 

^Hlfficis, B. Boonstra. H/«c. VVer/rf. wlof 
no. 15, Apr. 11, 1931, pp. 693-694 Pro^rAM in 
electrification made ISr Public 

lSoSKif'iS7,^g!lSS?tel^ 

Radio 

fo^SSfaM!^'^ A Method of Testing 
PP* ^1-416. 12 figs. 

SSSLiLE?®®®* amplifier which gives 

^ S’S’^SSSlJ^**^ T^is dtoSSedSK 

iifiSTipr.“i98!: 
of antennaarrange^ 
ro^ption^®**^ properties of transmlsslS^^ 

^ BE ACQNSa A Radio Beacon Reaeivinff 
System for Blind lA-nHip g of Aircraft 

«nd ». wTSSSmoS I^kJli 
™i ,n _. . 1981 , pi: 

I to penult blind 

„BL*CTmc HBTBUNO. Reactive Kva. 
to pflot position of aircraft as it approachea anil Metering—VH, E* O* Ooodale Sloe w>«f* 
jead^ instant ofSSuig; tm? m^2i- ^ 

MSad^nuSeSSafeP 

,Higii-Fre. Rectifiers 


Si 5 t-S»SSuS«“ 5 ^«SS? 

Pkase Adranc^ 

Jfipry tod Performance of Phase 

pir-d^V^^'^ M- TA \Ti 


ritofodeetric CeUs 


no. W. Apr. 11, 1081 . p. 679 .__ 

22S® Bfeistooteclmlcal Oommis- 

.rises reduced for use in trop^ 

2Sa!SSw«toS*~“ *“ 


BeaciiTe Power 


joi. V. iroooaie. siec. Wist, 
i PP* 1^1-188. 8 figs. 
®^Sl of unbaltoced load iroon acouraev of 
r^sMtion of three-phase tbree-trirereMlve 


m 


which do not rcQuire use of thermo- 
Junction end cslibcater rWsSmSi: ttw 


^ Oontowt Conduction 
B^^ra, Ruojun ColUffe of 
^®1* Sy^no. 4-Aq 1931, pp^ 
Intends to dedm 
approximate formula for contact oonduci^ 

' » 

Electrical ENoiNEBRniG 



aT 3 i 3 lYing cold emission theory to contact, and 
also to make clear mechanism of contact and 
rectification. Bibliography. (In English.) 

Resistance 

GROUND. The Measurement of Earth 
Resistances, G. E. Tagg^ Elec Timas, vol 79. 
■‘no. 2061, Apr. 23, 1931, pp. 741-743,. h figs. 
Regulations as to earthing; systematic tests, 
elementary methods of measurements; three 
point method; bridge methods; fall of poten¬ 
tial method; Siemens-Halske earth tester. 
meggar earth tester; specific resistance of earth. 

MOISTURE FILMS. Electrical Resistance 
of Moisture Films on Glazed Surfaces, G. G. 
Rmail, R. J. Brooksbank. and W. M. ahorrhon. 
insin, Elvc, Engrs.—JL, vol. 69, no. 411, Mar. 
1931 pp. 427-436,15 figs. Research is described 
in two parts, first dealing with relations between 
surface resistivity, humidity and tomporaUiro, 
and second with influence of gas pressure, bo^ 
having for their object discovery of laws of film 
formation under controlled conditions. 


in detail: experimental investigation of iron loss 
in plate, due to single conductor carrymg current 
definite distance from it. (Concluded.) 


Synchronizers 


Spark Gaps 


CLOCKS, ELECTRIC. Ein funkenfreier 
Synchronisier-Apparat fuer Nach-und Vorenen 
(Spark Free Synchronizer for Lagging and 
Advanced Currents), H. Bock. Zeit. 
Instruinenienkundet vol. 51, no, 4, Apr. 1931, 
pp. 197-204, 5 figs. Synchronizing equipment, 
for electric pendulum clocks, is detailed. 

Television 

QUALITY. QuaUty of Television Images, 
D K. Gannett. Bell Laboratories Rec., voi. 9, 
no. 8, Apr. 1931, pp. 3.58-362, 5 figs. Since each 
cycle represents two picture elements, number oi 
picture elements wliich could be received is 
10,000 in second, or 625 in 1/16 of second; no 
matter how good television apparatus, therefore, 
no better quality picture could be obtained than 
containing 625 elements, or about 22 by 23 
elements. 


ELECTRODES. The Development of an Transformers 
Electron Emitting Alloy, O. S. puflendack. 

R. A. Wolfe and D. W. Randolph, 
chem. Soc,—Advance Paper, no. 59-17, Apr. 27, 

1931. pp. 157-173, 11 figs. After many experi¬ 
ments: nickel alloy containing barium has been 
developed which is homogeneous in composition 
and readily reproducible; spark gaps haymg 
^ectrodes made of this alloy have very constant 
sparking voltages; alloy has marked ejection 
e^tting properties that make it valuable to 
use in various electrical devices; its uses in 
several ways are being developed. 


Stability 

ALTERNATORS. Power System Stability, 
p. A. Hamilton, Jr. Eng, JL, vol. 14, no. 4, 
Api^ 1931, pp. 227-242, 31 figs. Methods of 
predicting power lii^tsimder steady or transient 
conditions have been outlined in various publi¬ 
cations and are available to system 
paper presents in more 

certain concepts upon which those i^aethods are 
based; factors which affect power limits are 
discussed and their interrelation ifihstrated, 
methods of increasing power limits are discussed. 

Starting 

ELECTRIC MACHINERY. The Starting 
Motors, J. Sachs. AEG Progress,jo\. 7, no. 4» 
Apr, 1931, pp. 85-91, 11 figs. Startmg processes 
obtaining with asynchronous and synchronous 
machines when employing startmg . j 

it is indicated by few examples that ^^h large 
machine units, but particularly phase advancers, 
employment of starting motors exercises very 
favorable effects upon starting conditions, such 
as smaller apparent power consumption, smaller 
initial current surges and higher power factor. 


Substations 

RECTIFIER- La sous-station automatique 
d’gclaira^e de Cannes (Automatic Substation). 
Genie CavU, vol. 98, no. 5, Jan. 31, Pfi* 

117-118, 4 figs.*, see also brief translated abstract 
in Power Engr., vol. 26, no. ^1, Apr. 

156 Eq uipment of Bergen©, Cannes substation 
converts 10 , 000 -volt three-phase, 25“Cycle sup¬ 
ply into continuous current at 250 volts to 
fighting and general service; m order to a<void 
noise or other nuisance, mercury-vapor rectifier 
was adopted as converting equipment. 

Switchboards 

SPECIFICATIONS. Nema Panelboard and 
Distribution Board Standard^. 

Mfrs. Assn. — Pub., no. 31-4, Jan. 1931, 31 PP., 
11 figs. Standards on design and construction 
of panelboards; switchboards; cabmets and 
equipment boxes; commercial standard practise. 

SUPERVISORY CONTROL. Supervisory 
Control Equipment. Elec. Rev., vol. 108, no. 
2784, Apr. 3. 1931, p. 611, 2 figs. Siipervisory 
eauipment for remote control of ^ three sub¬ 
stations, two of rotary type for traction pm'poses 
and one of transformer type, of Auckland Elec¬ 
tric Power Board in New Zealand, has recently 
been completed by Automatic Telephone Mani> 
facturing Co., Ltd., m collaboration with 
Metropolitan-Vickers Electrical Co., Ltd.; de¬ 
scriptive details of apparatus is given. 


Recent Progress in Large Transformers, 
R. M. Charley. Insfn, Elec. Engrs. — Prepnnl, 
to mtg., Apr. 16, 1931, 15 pi>., 16 figs. General 
description of progress made m recent years ana 
examples illustrating present stage of art. 

Ultra Violet 

WINDOW GLASS. Glasses for Use with 
Invisible (Ultra-Violet and Infra-Red) Rays, 
k English. Jl. of Good Lighting, vol. 24 Fob. 
1931, pp. 27-31 and (discussion) 32-35, 13 fig®* > 
see also Nature U-ond.), vol. 127, no. 3200, 
Feb. 28, 1931, pp. 310-312, 2 figs. Natoe of 
invisible rays: spectrum: characteristics or 
certain radiations; ultra-violet transparencies 
of two glasses of similar composition ; relative 
transparency of various glasses; ultra-^olet 
transmission of various window glasses; effect of 
artificial aging on two tjpes 9^ 
spectra of various ultra violet light sources, 
Wood's glass and fluorescence; light transmis¬ 
sion and heat absorption of vairious glasses. 

Vacuum Tubes 

GLOW, A New Television Lamp, G. 
Gruskin. Radio Industries, vol. 5, no. 12, Apr. 
1931, pp. 593 and 611-612, 1 fig.. Development 
of radically improved type of point-source light 
bv W. G. Taylor of Taylor Vacuum Products 
Co., does away with many limitations formerly 
ascribed to mechanical scannmg; author has 
not yet been granted authority to release details 
of tube's construction or operating prmciples. 

INDUSTRIAL AFFLICATIONS- Vacuum 
Tubes In Industry, P. G. Welllor. 

Eng., vol. 11, no. 4, Apr., 1931, pp.,31-34, 4 figs. 
Important progress is bemg made in design ^d 
manufacture of mercury vapor rectifier tubes 
and tubes useful for automatic control of operat¬ 
ing electric circuits; many opportuxiities await 
cooperative studies between tube engineers and 
engineers engaged in mechanical industries. 


Voltage Regulators 


Switchgear 


LOSSES. Eddy Current Losses In Heavy 
Current Switchgear—II. J. 

Power, vol. 15, no. 88, Apr. 1961, pp. 296-299, 
8 figs Iron* loss in '•nold steel, switch tops; 
experimental results of measurements discussed 


The Application of the Induction Voltoge 
Regulator, W. B. M, Ayres. Jnstri Elec 
Engrs.— Preprint, to mtg., Apr. 16, .1931, 11 
pp . 21 figs. General application of induction 
regulators to feeder systems and distribution 
networks; problem of fully automatic control 
is dealt with and various methods of parallel 
working are discussed; point of application of 
regulator in system is considered from its prac¬ 
tical and economic aspects, 

Voltmeters 

harmonics. Bin Oberwellen-Voltmeter 
(Harmonic Wave Voltmeter), , 

Zeii. fuer Tecimisr.he Phgsik, vol. 12, no. 4, 
1931, "^pp. 205-210, 10 figs. Description of 
simple and e.xact indicating mstrurnent to 
effective value of harmonics of distorted voltage 
curve. 

IONIC. The Ionic Wind Voltmeter and 
Thermo-Electrostatic Relay, W, M. Thornton 
and W. G. Thompson. Insin. Enffrs.— 

vol. 69, no. 412, Apr, 1031,.pp. ^^?3-544, 18 figs. 
Electric wind observed m neighborhood of 
highly charged point in air is caused by repulsion 
of mns which collide with uncharged molecules 
of air, thus giving to them velocity and, in effect; 
causing wind from point; instrument based on 
this action, termed “ionic wind voltmeter, 
was designed to indicate voltage of any aysteni 
above few thousand volts by makmg earthed 
electrode part of hot-wire bridge. 


Wave Filters 

Extensions to the Theory and 
Electric Wave-Filters, O. J, Zobel. 

Tech. JL, vol. 10, no. 2, Apr. 1931,,pp. 285-341, 
18 figs. Derivation and composition of way^ 
filter structures; designs of networks v^ch 
simulate impedances of wave-filters and ^ 
loaded lines; four Appendices contam i^w 
reactance and wave-filter frequency theorems, 
particular fixed transducer designs and certam 
equivalents. 


Welding 

ARC. Arc Welding in 1031, J. ^ 

West. Machu. World, vol. 22. no. 2, Feb. 1931, 
pp 65-66, 3 figs. Every year smee war use 9f 
arc welding has gained greater inomentum m 
practically every industry; regardless of eco¬ 
nomic outlook for 1931, it is safe to say that this 
process will be applied more widely and more 
frequently than in any,preceding year; develop¬ 
ment of electrodes during,past year for welding 
of various steel alloys will bring about much 
wider application of arc welding and in turn 
permit wider use of these alloy metals, particu¬ 
larly that of stainless steel and other corrosion- 
resisting metals. 

Arc Welding Everdue, T. E. Jerabek. Boiler 
Maker yoHi, no 3, MaV. 1931, pp. 68-69. 5 figs. 
Property of copper-silicon-manganese auoy, 
known as everdur; advantageous weldmg 
characteristics: procedure of metallic arc-welding 
process. 

ARC-TESTING. Inspection Safeguards 
Quality, R. Kraus. Welding Engr., vol. 16, 
no. 4. Apr. 1931, pp. 27-31, IJ figs. Inspection 
and testing methods of Westmghouse Go., 
with incorrect and correct sketches of weldmg 
procedure and layout of weld; testing of welders 
and dimensions of test specimens. Before Am. 
Soc. Testing Matls. 

boiler manufacture. New .Tech¬ 
nique in Welding Is Result of Years of Scientific 
Research, K. B. Lydiarcl. Pit and Quarry^ vol. 
22, no. 2, Apr. 22, 1931, PP. 62-64. 11 figs. 
Results of investigations and laboratory experi¬ 
ments by resear^ engineers of Babcock and 
Wilson; based on which technique was evolved 
which produces welds equal to or better tnan 
welded plate itself in tensfle strength, shock 
resistance, ductility, and in abihty 
repeated stresses; results obtamed when tms 
technique is used to weld carbon steel of firebox 
quality. 

GAS PIPE LINES. Development and 
Results of Ai-c Welding of, ^-as Pipe Lines, 
H O. Price. Oil and Gas Jl, vol. 29, no. 48, 
Apr^ 16, 1931, PP. 148 and 160, Review of 
development of electric welding of pipe lines, 
since 1928, with particular reference to tog 
distance natural gas lines; operating practise, 
results; tests; advantages. Before Am. Gas 
Assn. 

machinery MANUFACTURE. Welded 
Construction Applied to Special Mactoery, 
D. V. Waters. Product En0‘i vol. 2, no. 4, 
Apr 1931, pp. 167-170, 6 figs. As result of 
development of acetylene and .^£9 
technique in recent years, welded steel constnic- 
tion in places where such construction was 
formerly deemed impracticable, is now used to 
good advantage; savings of both money and 
time in construction have resuJ ted use of 

welded steel; adaption of weldmg to special 
machine construction. 

SHIPBUILDING. Electric Welding in the 
Construction of Seagoing 
Shioblda. and Mor. Engine Btdr., vol. 38, no. 
2M Apr. 1931, pp. 321-326, 12 figs. 
mental ship constructed by Deutsche Werke 
in order to find new methods of electric w^dmg 
applicable to shipbuilding and for .^^mmg of 
welders; results of tests and coi^lusion. Before 
Tnstn. Engrs. and Shipbldrs. in Scotland. 

VENTILATION DUCTS, Welded Fabrica^ 
fcion of Ductwork, W. Beat, and 

Vent vol. 28, no. 3, Mar. 1931, PP 54-57, 9 fif;s. 
Preparation of material in repetitive production 
work; types of joints; expansion and contrac¬ 
tion; stack welding. 


Welding Machines 

SPOT The Dyer Bench Spot Welder. 
Ftoneerto! vol, 131, no. 3401, Mar. 20, 1931, 
p %8, 1 fig. Bench-type welder manufactined 
bv Dyer Welding Machine Oorp., Indepondeime, 
Mo.; arrangement it is claimed, enabto various 
parts to be joined together at place where they 
are assembled, thus saving time, welder is 
oanable Of making 1,000 welds per hr. on no, 
16 gage sheet, variation in heat necessary, for 
mevint Setals being obtained metom 

of three-position switch, which is fixed to hous¬ 
ing containing transformer. 
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The Holophane Company, Inc„ 342 frequent, fU30urate and oompreliensive 
Madison Avenue, New York, an- exchange of information of immediate 
nounces the appointment of A. D. necessity* According to the announce- 
Cameron as manager. Mr. Cameron was ment it is the first instance of an entire 
formerly active in the lighting field as industry uniting on a general code, and its 
manager of the lighting and supply divi- cheap distribution is dependent upon the 
don, central station department, General response to the pre-publication offer as 
Electric Company, Schenectady, N. Y. detailed in the prospectus which is 
Later he was vice-president of the Hall available upon application to the National 
Electric Heating Company, of Phila^ Electrical Manufacturers Association, 420 
delphia. Lexington Avenue, New York. 


standardized sectional construction, 
totally steel enclosed, consisting of one 
or as many panels as desired, allowiug 
changes or extendons, os requirements 
may demand. The scheme of standardi¬ 
zation not only inoludos switclios, biLt 
has been developed to cover air and oil 
circuit breakers, meters, etc. Bull Dog 
Electric Products Company, 7610 Jos. 
Campau Avenue, Detroit. 

Hardness Testing Machine.—^Bulle¬ 
tin, 24 pp. Describes the Firtli Hardoni- 
eter. This device extoinls tlio reliable 
Brinell method of hardness testing fur use 
with thin materials, ease hardened or 
nitrided surfaces, small parts, or any 
condition whore a small indontatiun is 


Ohio Brass Insulators Conform to New 
NEMA Standards.—^To meet the new 
standards for switch and bus insulators 
decided upon at the May meeting of the 
National Electrical Manufacturers Asso¬ 
ciation, the Ohio Brass Company, Mans¬ 
field, Ohio, announces a new line rang¬ 
ing in voltage ratings from 7.5 kv. to 69 
k\'. These new insulators, which simplify 
the construction, maintenance and repair 
problems of the user and make it much 
easier to coordinate line and station 
insulation, are now available for>imme- 
diate shipment. 



Motors.—Bulletin 209, 32 pp. De¬ 
scribes type “D” heavy duty direct- 
current motors. Reliance Electric & 
Engineering Company, 1042 Ivanhoe 
Road, Cleveland. 


Miniature Relays.—A new line of 
niimature relays to be known as “Mid- 
Gett** is being made in eight contact 
arrangements by Struthers Dunn, Inc., 
129 N. Jumper Street, Philadelphia. 
They are on standard bases and measure 
1J4 itt* by in., and follow in detail 
the design of regular t 3 rp 6 Dunco relays, 
having the three-legged stool principle of 
construction, form-wound, moisture-proof 
coils, renewable contacts, accessible termi¬ 
nals, with moulded bases. They operate 
on from 6 to 120volts alternating current, 
or 24 volts direct current, depending upon 
the coil used. 

New Vulcanized Fibre Insulation.- 
new insulating material known as 
Dilecto K-4 is being produced by the 
Continental-Diamond Fibre Company, 
Newark, Del, manufacturers of Bakelite 
mterials and vulcanized fibre. In addi¬ 
tion to unusually high electrical inaiiift ting 
properties, Dilecto K-4 has high thermal 
insulating efQclency, is odorless and does 
not attract odors. It is finHing a wide 
use as breaker strips on electric refrigerar 
caWnets. The material, which is 
nifi^y resistant to alkali solutions and to 
watw and moisture, will be made in 
riieete, rods and tubes, and can be 
machined readily. 

T^egraph Code for the Electrical 
A standard telegraph code for 
industry, sponsored by 
NEMA and other electrical associations, 
nM ^on oompfled under expert supers 
Twon for the use of the entire electrical 
Ma, not only for economy in communi- 
osteon, but to provide means for more 


Bridge-Stop ControL—Bulletin, 4 pp. 
Describes the new EC & M dynamic 
braking, bridge-stop control. This brak¬ 
ing equipment is used on electrically 
operated overhead traveling cranes. The 
Electric Controller & Mfg. Company, 
2700 East 79th Street, Cleveland. 

Magnetic Clutches.—Bulletin, 24 pp., 
^‘Keeping Pace With Machine Design.'* 
Describes the construction, application 
^d operation of C-H magnetic clutches, 
including a full description of the newly 
developed C-H duplex dutch. Cutler- 
Hammer, Ino., 12th <& St. Paul Avenue, 
Milwaukee. 

Circuit Breakers.—Bulletin 484, 4 pp. 
Describes type DRMne oil circuit breakers! 
manual and electrical remote control, up 
to 2,000 amperes, 16,000 volts; 3,000 
amperes, 7,500 volts; 60 cycle ratings, 
automatic or non-automatio. These 
breakers are deigned for indoor service 
where space is an important factor. 
Condit Eleotrioal Manufacturing Cor¬ 
poration, Boston. 

Mercury Arc Rectifiers.—^Bulletin 1907, 
Id pp. Describes steel tank mercury 
^ rectifiers for converting alternating to 
•toect current over wide ranges of both 
voltage and euirent. The most general 
use of this equipment is in supplying 
power for eleotrio traction systems, al- 
ttonadi it has certain industrial appliea- 
bona. Westinghouse Bleotrio & Mte 

Company, East Pittsbu^h. 
Swi^board8.T-BuUetin 293 , 18 pn 

“SaftoSwit^: 
Beards type DP.30. These are of 


necessary or desirable. Tho Firth hardoin- 
eter differs from other instriimouts in¬ 
tended for the same piu*poso in that the 
diameter or diagonal of tlie improssion is 
meowed instead of tlie depth. Tiniiis 
Olsen Testing Machine Company, 

No. 12th Street, Philadelphia. 

Power FRter Unit—BiiUotin, 4 jip. 
Describes a new power filter unit which 
converts alternating current into pure, 
non-pulsating, hmnloss direct current for 
use on telephones, sound-on-film) puhlio 
address systems, intor-eoimnunication 
systems, clock and signal systems, iniig- 
netio chuck operation, elevator ormtrol 
and many other applications. Tho use of 
batteries in connection with tho power 
filter unit is unnecessary, except whore 
a standby source of direct current is 
required. Square D Company, 0fX5O 
Rivard Street, Detroit. 

Potentiometer Pyrometers.—Caitilog 
1101, 48 pp. Describes a now line of 
potentiometer pyrometers having a broad 
application to industrial iio(k1h involving 
the measurement and control of tomiKtra- 
tures, especially in tlio higher ranges. 
The introduction outlines the nature; and 
field of the potentiometer principle as 
applied to pyrometors. Tho various 
^es of those instruments include indi<tat- 
mg, recording, controlling, multiple record¬ 
ing and multiple controlling. The Brown 
Instrument Company, Windrim & Wayno 
Streets, Philadelphia. 

Ughtning Arresters.—BuUotiii 20305-A, 

4 pp. Describes autovalve lightning 
awesters for tho protection of railrotid 
signal apparatus. Bulletin 20l49-a, 4 
pp., describes type SV autovalve light- 
nmg arresters for station use either in¬ 
doors or outdoors, 1,000 to 220,000 volts. 
Bulletin 20013-K, 8 pp., dosoribes type 
LV autovalve lightning arresters for the 
protection of distribution transformers. 
Bulletin 1737-F, 24 pp., is a comprehen¬ 
sive, illustrated publication describing 
autovalve arresters in general and tho 
correct method of installation. Detailed 
engineering discussions, supplemented by 
<™wing8 amj diagrams, clarify many 
Master problems. Westingbouse Eleo¬ 
trio & Mfg, Company, East Pittsburgh, 
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Annual Technical Committee Reports 
To the Board of Directors 

in accordance with Section 82 of the A. I. E. E. By-laws^ the Technical Committees of the Institute 
have prepared the followins reporb for presentation at the Summer Convention. 

In addition to a brief outline of its own activities^ each committee sives a resume of the progress 
of the art within its field/ so that collectively/ these reports constitute an authoritative history of the 
develbpments in electrical engineering during the past year. 
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Automatic Stations 

ANNUAL REPORT OF THE COMMITTEE ON AUTOMATIC STATIONS* 


C ONSIDERABLE data 
automatic station art 
subcommittees and are 
which is treated under 
Technical Papers 
Standards 
New Subjects 
Unfinished Business 
Fire Protection 


on many phases of the 
have been collected by 
made part of this report, 
as follows: 

Wire Designations 
Research 
Operating Data 
Telemetering 
Bibliography 


Technical Papees 

The following papers are being presented under the 
auspices of the Committee at the Summer Convention, 
Asheville, N. C., 1931. 

1. A-C. Supervisory Control System. By Othmar 
K. Marti. 

2. Supervisory Control for AC. Electrified Railroads. 
By C. P. West and H. C. Griffith. 

3. Automatic ConibtisUon Control. By C. H. San¬ 
derson and E. B. Ricketts. 

4. Operating Experience with Automatic Stations. 
By Garland Stamper and P. P. Ambuhl. 

5. Three Years' Operating Experience with Miniature 

Suntcnboard Supervisory Automatic Control. By R M 
Stanley. ‘ ' 

Standards 

Standwds No. 26, Automatic Stations, has again 
been renewed by the Committee. Recommendations 
for reviaons in the list of device function numbers and 
in the table of minimum protection for power apparatus 
have been forwarded to the Standards Committee. 

New Subjects 

Automatic combustion control and automatic 
^^ting current networks have been studiS tto 

fvf A paper on Automatic Com- 

bi^on Control, covermg this subject extensively for 
^ti^ time, is bemg presented at the annual con- 

Unfinished Business 

Pi« preliminary reports on 

Fire Protean, Load Dispatching and Wire Designa- 

U I>. ^P^eUenthai. 

A. Me Gurm, E. Reagan, 


O. J. Rotty, 
Oarland Stamper, 
W. Taylor, 

L. J. Turley, 
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tions have been completed and are contained herein. 

The following topics have been under considenitioii 
but no final reports have been rendered: 

1. Economical Construction. 

2. Noise Mitigation. 

3. Automatic Alternating Current Networks. 

4. Genaal Telemetering. 

Subcommittee Reports 

To the Subcommittees contributing the following 
reports generous acknowledgment is given. It is de- 
ared to make known that the efforts so prominently 
reflected in these reports are appreciated in full measure. 

Fibb Protecmon 

Contributed by 1. E. Moultrop and l>. W. Taylor. 

The methods of accomplishing suitable fire protet:- 
tion from the points of view of safety to personnel, 
safety to apparatus, and continuity of service have 
long been the subject of discussion and investigation 
by the electrical engineering profession. The size and 
importance of dectrical installations make adecfuate 
fire protection a matter of utmost importance. 1'he 
increasing use of automatically opiated stations brings 
into prominence the special problems confronted by the 
d^^ers of these usually unattended installations, 
which may m some instances be so far removed from 
me nearest aid in case of fire as to make automatic 
fire protection a corollary of automatic operation. It 

IS the purp^ of this report to point out some of these 
special problems. 

^en the subject of fire protection is considered, it is 
well to make a study of the causes of fires to obtain a 
Pffl^tive of the various elements entering into the 
problem. Consideration can then be given to design, 
^d apparatus material specifications, which will 
donate as much as possible the trouble at the source, 
w? ^ ^ determine if oil circuit breakers 

interrupting capacity; if all load 
*^hermal capacity; 
^ provided to clear short circuits 

s^^cs, such as oil circuit breaker interrupting ca- 

so-that greater 

ati?^ ^ vicinity of its source 

"PP^^tus in an atten^d 
ed substation, may take ?iny ono or more of 
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three forms, viz.: automatic means of fire detection and 
alarm; stauctural means of fire isolation; and means of 
fire fighting, either manual or automatic. 

Automatic means of fire detection, as at present 
commercially developed, take the form of th^mo- 
couples and fusible links to convert the heat energy 
released by combustion into electrical energy, dr of the 
more complicated apparatus working as a detector of 
the resultant smoke. Although these automatic means 
of fire detection have occasionally been installed in 
attended stations merely to alarm the operators, the 
recent mechanical improvement of the devices com¬ 
mercially obtainable for this service has resulted in 
considerable application of such devices in unattended 
stations to give alarm at some central attended installa¬ 
tion and/or to operate fire-fighting eqtupment adjacent 
to the source of trouble. Unattended stations whose 
operations are reported to a central office through some 
means of supervisory control are particularly adapted 
for the installation of an alarm system between the 
station and the central office. 

The second form of fire protection, structural means 
of fire isolation, is applied for the same reason smd with 
equal effect in both attended and unattended stations. 
The large quantity of oil used in modem electrical 
apparatus makes fire isolation an important problem 
both indoors and outdoors. Generally, if possible, it is 
desirable to install large oil-filled apparatus outdoore 
and eliminate as much indoor oil-filled apparatus as is 
possible. 

Indoors, apparatus of different types and different 
degrees of importance may be placed in different rooms, 
with fire doors between, either normally closed or closed 
by gravity upon the release of a fusible link. Some com¬ 
panies go so far as to install oil-immersed transformers 
in one room, large oO circuit breakers in a long narrow 
room with windows only at the ends, and oil-immersed 
voltage regulators in still another room; only the 
ama.n<>r breakers being installed in the same room with 
the switchboard and major bus structure. In connec¬ 
tion with the location of windows, many stations are so 
arranged that any outdoor apparatus liable to catch 
fire, if installed adjacent to the building wall, are 
located at considmuble distance from the nearest open¬ 
ing into the building. Another precaution taken as a 
means of indoor fire isolation comprises the use of cell 
doors and other trim made of treated wood or other fire¬ 
proofed material. Current faansformers, on which the 
relay protection is dependent, have been sometimes 
placed in separate compartments so they will not be 
involved in an arc from other equipment before they 
have actuated the tripping relays. Proper grounding 
of apparatus often lessens the chance of stray ciOTcnts 
dan'ftging other equipment during a short drcuit. 
Elimination, as much as possible, of unprotected ap¬ 
paratus connected to the main bus is often desirable. 
Protection of apparatills, such as bus potential trans¬ 
formers, fiy means of retistanee and fi^ and car^ 
isolation of bus arresters, should be considered. 


Outdoors, transformers may be installed with fire 
walls between banks of two or three units or, if larger 
and more important transformers, between individual 
units. One company has recently adopted the policy, on 
large outdoor tran^ormers, of eliminating the column- 
type oil gage from the conservator and of installing 
fu^releasing gravity-doting valves on all connections 
between conservator and main tank. It is intended by 
this policy to prevent the spreading of possible trans¬ 
former fires by the release of the large quantity of oil 
contidned in the conservator, as sometimes happetis 
through the cracking of the gage glass on the occurrence 
of fire in the inunediately adjacent transformer and 
through the feeding out of burning oil from a rupture in 
the cover of a faulty transformer. 

Both indoors and outdoors, fire isolation may be 
augmented by the installation of pits and drainage S 3 rs- 
properly disposed with respect to oil-immersed 
transformers and regulators and oil circuit breakers. 

The third form of fire protection, means of fighting 
the actual fire, divides naturally between the use of 
liquids and the use of gases. The most obvious liquid 
for this purpose is water, which is often piped to the 
end-bells of laige rotating machinery and may be used 
elsewhare in connection with one of the commercial 
^rinkler systems; there is, however, considerable ques¬ 
tion as to the efficacy of water as a means of fighting 
oil fires. Othar liquids take the form of spetial prepara¬ 
tions, often gaierated on the premises at the time of 
fire, tither by the mixture of two liquids or of water and 
a powder. Gaseous means are limited commerdally 
to the use of carbon dioxide, which isheavierthanoxygen 
and serves to smother the fire when applied in sufficient 
concentration; it is therefore particularly suitable in 
spaces where liquid might damage the appara¬ 
tus and/or whare the gases «nanating from some of the 
commercial liquid preparations would be obnoxious. 
The efficacy of all these fire-fighting fluids may be con¬ 
siderably* in<aeascd by the installation of permment 
piping, designed to permit the direction of the fluid at 
the most advantageous point in case of fire. Whether 
or not the valves of this piping should be automatically 
operated depends not only upon the importance of the 
installation and the liability of a large fire, but a^ 
upon tile proximity to a central attended installation 
and the attendant costs of automatic equipment for 
fire alarm as compared with the costs of automatic 
equipment for fire ^hting in the unattended station. 

It is believed that tiie art of fire protection is develop¬ 
ing so rapidly, particularly in.connection with unat¬ 
tended automatic stations, that no standards should be 
promulgated at this time by the American Institute of 
py iy/»trif»al Engineers or others. It is toought that only 
by giving comparativdy free rein can it be assured t^t 
progress will continue to be made in accordance with 

^e best economic dictates. 

The attached Appmidix A is a prelinmiary attempt to 
classify for further investigation or stiidy, I. the causes 
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of fires, II. the spreading of fires, III, preventive 
measures, and IV. the sctinguishing of fires. 

Appendix A 

in.P«veaMveMea«.res. 

1—Oavsbs op FiBBa 

A. Faulty Design 
1. Insufficient spacing. 

No allowance for temperature ^^h^ngeg. 

Reduced clearances ftom distortion due to short circuits. 

^nductors or equlppient Improperly or Insecurely supported 
Weakness of mee ha n l cal structure or supports 
Insufflctent proyWon against baavlng by frou. sntranca of tain, 
or accumulation of sleet. 

7. Cannon cpnstructlon (by cannon construction is meant the 
arr^^ent of barriers or compartments in such a manner 
arc outward into other equipment or Into 

B. Faulty Equipment 
1. Improper design. 

Poor materiaL 

D^eotiye materials or parts. 

InsulBcI^t toaulatlon, spacing of parts; strength or thermal 
capad^. 

Improper assembly. 

Improper and insufficient testing. 

Unnoticed fedlures as a result of testing. 

Improper Application of Equipment 

1 : 

Aging of Apparatus and Material 

1. of Insulating material on conductors, supports. 

3. “ootof moisture, gases and corona in hastening deterioration. 

Static Stresses 

1. Causing destruction of insulation. 

2. Collecting conducting materiai. 

Magnetic Stresses 

1. Mechanical movement. 

2. Collecting conducting material. 

Surges or Lightning 
1* Atmospheric conditions. 

2* Switching operations. 

8. Improper grounding. 

Arcs (other than flashovers) 

1. Switching operations. 

2. Contactors. 

3. Commutators. 


M, 


2 . 

8 . 

4. 

6. 

6. 

7. 


S. 


O. 


D. 


B. 


F. 


G. 


J. 

K. 


Exceeded Ratings 

!• Exceeded current rating, overload. • 

2 . Overvoltage. 

8. Exceeded temperature rating. 

4. Exceeded time. 

Errors in Operation 

Eallnre of Apparatus Containing Oil 

(mu ^ btBgkats, oa iwltcbtt, tnuwfonner*. pot- 

1* In su ffld eiit amount of ofl. 

2 . SiiipJds amount of oU. 

8. Slopping of ofl (mufflers, discharges). 

A Drflt>plng of oil on other apparatus 

^^’^vbQqixatlon of oil. 
of moisture: 

E^loslons due to arcs following short dreuits 
Boor contact. . 

JHmctore boshing. 

Internal oorbha 

apparatus in genend). 

W«4 stajings. 


fl. 

XO. 

Xlt 

12: 

X8. 


Dirty Apparatus 

1. Dirt from coal piles, or adjacent Industries. 

2. Boring action of metallic slivers. 

3. Causing reduced radiation. 

4. Causing flashovers. 

N. Spontaneous Combustion 

1. Ofly waste or rags 

2. Coal. 

O. Friction 

1. Lack of lubrication. 

2. Improper alinement. 
b: Dirt. 

P. Oondensadon 

1. Unheated conditions. 

2. Temperature changes In conduits. 

3. Unventllated conditions. 

A Wrong materials. 

Q. Heating Equipment and Piping 

1. Failure of electrical heaters. 

2. Defective flues. 

8. Explosions of oil burners. 

4. Escaping steam or water from pipes. 

5. Broken fuel lines. 

R. Carelessness 

1. ^proper tagging or operation (disconnects, etc.), ' 

2. Cigarettes, matches. 

Atmoshperlc Conditions 

1. Plovers due to fogs, especially salt water fogs. 

2. Sleet or wind, 

.Exterior Fires 

1. Adjacent buildings. 

2. Grass and forest flres. 

II—Spbbadihq of Fibbs 
I nflammable Material in Apparatus. 

1, Ihsulatiiv material, to conductors, such as rubber and vamlshe 
cambric. 

2. Insulating supports or braces, such as wood* 

8. on or inflammable compounds. 

Inflammable Material to Construction 

1 . Wooden buildings, compartments, or structures. 

2. Forms used during construction. 

. Insufficient Segr^^tion 

1. Insufficient barriers, compartments, cells or rooms. 

2 . Insufflcleiit spacing between types or classes of apparatus. 

3. Improper grouping of equipment, wiring, eta 

4. Improper drainage of oil, etc. 

. Poor Housekeeping 

1. Rubbish during construction 

2 . Aocomulation of rubbish to operation. 

8. Storage of inflammable materiai. 

Fanning Action of Ventllattog Equipment. 

Lack of fire Extinguishing Apparatus. 

Failure to Announce Start of Fire, Smoke or Heat. 

m““P»BVBHTIVB MbaSTTBBB 
Use of fire-proof or fire-resfsting material to construction. 

El imina tion of ofl so far as possible. 

Keeping premises and apparatus clean. * 

Segregation of apparatus. 

Correct design or appUcation. 

Constant expert supervisioii. 

Careful inspection before and during tostaUation. 

Periodic testing, 

IV—^ExTiwQuiaBiNO OF Fibbs 

Detection. 

Alarms. 

Accessibility. 

Autom^ toe exttoguishers-Aslassiflcation and suitability of each 
extinguishers—classiflcation and suitability of each 

type. 

Dratoage of burning oil. 

Wire Detonations 

ConWbuted by 0 . J. Rotty and M. B: jEleagsa. 

The development of auniform scheme of wire d^gna- 
tions for station control wiring has been g^en some 
study with the idea that if a satisfactory scheme could 
be devised it should be offered for sj;andardi^tionw 


A. 

B. 

O. 

D. 

E. 

F. 

G. 

H. 


B. 

O. 

D. 

E. 

P. 
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The general use of such a scheme would produce uniform 
marking of control wiring at all stations regardless of 
whether the panels w^ wired by different manufac¬ 
turers or by the user himself. This seems desirable for 
many reasons. The engineer la 3 dng out a new station 
or an extension to an old one would have to be familiar 
with only one scheme of wire designations and if the 
apparatus for a particular station was supplied by a 
number of manufacturers the wire designations would 
be alike for all the apparatus, resulting in simplification 
of into’connecting wires and common circuits. These 
points are also of importance to the construction or 
installation men, to the testing men, maintenance men, 
trouble shooters, etc. 

At present there are many schemes in use, with each 
manufactmrer and many utilities and engineering or¬ 
ganizations having their own schemes all of which are 
different although some may have certain features in 
conunon. There seem to be many reasons why each 
scheme is preferred by its sponsor and why other 
schemes are objectionable. However, it is felt that a 
scheme can be devised which will fulfill practically all 
requirements and overcome the more important 
objections. The standard scheme must be of a genmd 
nature and must be applicable to all kinds of stations; 
viz., railway, Edison, mining, hydro, a-c. distribution, 
and even steam plants. 

There is a number of points in the designation of 
wires on which there is fairly general agreement. 
These are briefly as follows: 1. The scheme should be 
simple, easily imderstood and applied and with few 
special cases or exceptions; 2. it should be flexible so as 
to permit of additions or changes to the control without 
completely revising the existing designations; 3. it 
shoiffd provide the “tie-in” with or reference between 
the actual wire and the diagrams (either the wiring 
diagram, the schematic diagram, or both); 4. the wire 
designations should appear on the schematic (or ele¬ 
mentary) diagram. 

It also seems desirable that certain other ideas be 
worked into the standard scheme, which are briefly as 
follows: 1. The wire designation should be made up of 
as few digits as possible; 2. it should not be a compli¬ 
cated combination of letters and numbers; 3. it should 
preferably have some significance as to the apparatus 
or panel the wire connects to, although this appears to 
be difficult to devise and very likely an arbitrary scheme 
will be finally adopted; 4. operating and control buses 
and circuits of the nature of buses should be included 
in the standard scheme. 

This subject has been taken up by this committee 
only recently and the time has been insufficient for the 
development of a finished scheme. However, it is felt 
that the work should be continued by the succeeding 
committee. 

Several closely alliejl subjects have presented 
themselves* for investigation but lack of time has pre¬ 
vented work upon them. They are: 1 Wire group or 
condmt designations or numbers, and 2y wire color 


codes. It is felt that these should also be given some 
study with a view to suggesting standards for them. 

Research 

Contributed by M. B. Reagan. 

Research items to be studied and followed by the 
committee are divided under fom* main divisions. 
One object of investigation is to assemble data on opera¬ 
tion while another object is to establish the trend of 
automatic expansion in operation. For instance, in 
the use of vacuum gas filled tubes in power and control 
systems, it will be the function of this committee to 
carefully rword the various applications and keep ex¬ 
perience charts showing the growth of us^ulness and 
their performance. 

The four general classifications are as follows: 

I. Autooiatic Oontrol of Rotating Machines (including mercury arc 

rectifiers). 

a. Ssrnchronous converters. 

b. Motor-generator sets. 

c. Mercury-arc rectifiers. 

d. Hydro-electric generators. 

e. Frequency-changers. 

f. Ssmchronous condensers. 

g. Balancer sets. 

h. Battery chargers 

1 . Automatic end cell switches. 

II. Automatio Control of Static Machines. 

a. A-c. transformer substations. 

b. Periodic reclosing feeders. 

c. Static condensers. 

1X1. Network Protectors. 

IV. Supervisory Oontrol. 

a. Terminal apparatus. 

b. Channels. 

1. Fused lines. 

2. Private. 

3. Carrier, etc 
Suggested Items. 

a. Curve of total installations by years. 

b. Curve of total kva. by years. 

c. Curve of per cent automatic to manual installation by years. 

d. Curve showing rehabilitation of old units for automatio service. 

a Curve showing per cent availability by years. 

f. Data on primary causes of outages, such as 

1. liue trouble. 

2. Main apparatus trouble. 

3. Control trouble. 

4. Due to testers or Wintenance man. 

g. Performance data on fuses in control circuits. 

h. Ventilation as it affects **8weatiag** of apparatus. 

I General field testing of equipment expand last year's report. 

J. Data on vacuum tube applicatlous of all types tu control wodc. 

Telembteeing in Connection with 
Load Dispatching 

Contdbuted by A. M. Gaxrett and J. J. Samson. 

In order that electrical systems, particularly those of 
the public utility and traction companies, function with 
the highest degree of service standard and efficienQr, it 
is necessary that the control of certain s]rstem operations 
be central^ied. 

Such operating knowledge and duties as restoration 
of the service to normal during or following a case of 
f^stem trouble; the interchange of energy between 
systems or parts of the same system; switching in and 
out of service of generating station oi^ substation units 
in accordance with load demands; the load quantities 
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existing in different parts of the system; the mainte¬ 
nance of proper voltage, frequency, temperature of 
equipment; adjusting the system to take care of con¬ 
struction work in connection with system extensions; 
maintenance and repairs, are some of the functions that 
must come under the guidance of this group. 

The majority of these functions is under the control 
of the load dispatcher or system operator who de¬ 
pends upon his knowledge of the operating condition 
of the system through the forces which actually operate 
it. This information comes to him in the nature of a 
periodic check, generally by telephone. 

In recent years as the system developed through 
growth and expansion, and in some instailbes through 
combination, the problems associated with the hantiUng 
of these systems become more involved, so that the 
need for qmcker and more accurate information as to 
the operating status of the system became apparent. 
In order to handle the situation intelligently, a con¬ 
tinuous record or “running account” so to speak was 
needed instead of a periodic sampling of conditions. 
To m^t these requirements telemetering or imnote 
indication equipment has been developed and placed 
in service in many systems in this country in the past 
five years. To take care of these problems imder the 
old method would mean quite a material increase in the 
load dispatchers’ force. 

Telemet^g is a means of transmitting to a central 
control i>oint over a communicating circuit or special 
conductors, information necessary for the operation of 
the equipment, station or system. This may be elec¬ 
trical quantities (volts, amperes, watts, pow» factor), 
temp^ture, position of breakers, regulators, or any 
other information that it may be desired to obtain from 
the system. 

It consists essentially of a transmitter at the remote 
^d connected to the equipment from which information 
is de^d, a receiver at the control end and the connect- 
The quantity of energy to be measured or 
position of equipment to be uuficated is converted to a 
voltage and current (suitable for telephone cable) 
whore value is proportional and is transmitted to the 
receiver which is calibrated to record the information. 

With a view to determining the tiend of telemetering 
devi(^ and methods, the committee dedded that a sur¬ 
vey in the fonn of a questionnaire should be made of 
those companies now operating this class of equipment. 
The questionnaire covered the following points: 

,1. What of the following do you use telemetering for? 

Totalizing load. 

Current and voltage conditions. 

Temperature of equipment. 

Potition of switch gear. 

Tap changer and regulator positions. 

Uses other than above. 


3. What channels are used? 

Telephone lines. 

Transmission lines. 

Special conductors. 

State approximate distances of transmission. 

4. Is this system of aid in load dispatching? 

In what manner? 

5. What criticism do you have of telemetering? 

6. What, in your opinion, is the trend of develop¬ 

ment? 

The term “load dispatching” is understood to cover 
broadly the function of load control and switching 
operation which is dependent upon telemetering 
information. 

This survey has just been completed and a total of 
36 companies canvassed. The following information 
has been compiled: 

Under uses or application we found approximately 
40 per cent of the companies use the equipment for 
determination of current and voltage conditions, while 
22 per cent of the installations were for totalizing load 
and 18 per cent were for position indication of 
equipment. 

Under tsrpes used, there seems to be a general use of 
direct current either in the form of balanced current or 
rectified current. 

As the connecting circuit between the remote end 
and the re(^ving end, about 30 per cent used active 
telephone circuits, while the remaining 60 per cent naod 
special conductors. The distance of transmission varies 
from 500 feet to 16 miles with no special average. 

In answa* to the direct question of whether the sys¬ 
tem was an aid in load dispatching, 60 per cent stated 
that it was, while the rest of the replies gave no opinion 
or indicated lack of .experiwice due to the short time the 
equipment had been in service. 

In reply to the inquiry on criticism of the equipment, 
the survey showed little or no adverse expression. One 
point emphasized was the lack of high speed response 
with accuracy comparable to the usual line of switch¬ 
board indicating instruments. Thereisa tendency where 
high speed is desired to sacrifice somewhat the matter 
of accuracy. Anotha* criticism was on the cost 
the installed cost of the equipment running into 
considerable money.” E^ecially is this true where 
special conductors are required over long transmitting 
distances. 

Improvements toward simplification of the present 
complicated equipmait, as means to greater reliability, 
was offered as one criticism. 

Oh trend of deytiopment, practically all replies indi¬ 
cated a favorable reaction to future devdopment, es¬ 
pecially wh^e extension to the S 3 rstem was in prospect. 
This applies particularly to the situation where inter¬ 
connection is concerned. One reply motioned there 


2. State bri^y the type 
“ of operation. 


would be no future development for telemetering in 
this company as the type of distnbutioif was being 
changed to an a-c. network whereby thesubstation would 
be eliminated. 



AUTOMATIC STATIONS 


547 


In general, it can be stated that telemetering has 
established itself, and with extension of load control and 
switching ox)erations made necessary through an in¬ 
crease in the size of systems, in interconnection between 
systems, and constantly increasing number of unat¬ 
tended stations, telemetering is proving a distinct aid 
in the solution of those problems of handling and operat¬ 
ing an electric system. 
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N accordance with the usual practise, this committee 
submits herewith a brief review of the developments 
during 1930 in electrical communication. 

Telephone Service Improvements 

Telephone service was improved during the year by 
the application of new developments and methods and 
improved maintenance. The average time to complete 
toll calls was lowered by 12 seconds to an average of 
one minute. Improved maintenance methods have 
reduced the frequency of troubles affecting subscribers' 
lines so that a trouble now occurs on the average but 
once in 22 months, a reduction in trouble frequency of 
about 11 per cent as compared with 1929. 

St^dy advancement in the quahty of speech trans- 
misaon was accomplished. On the longer haul toll 
business, unsatisfactory transmission conditions were 
experienced on only 1.5 per cent of the messages, com¬ 
pared with 1.7 per cent in 1929. One of the important 
factors contributing to this improvement was the insti¬ 
tution of a more effective method for controlling the 
amplification of speech on toll calls involving two or 
more long circuits. An improved general plan for the 
design and rearr^gement of plant to handle calls be¬ 
tween remote points not connected by direct circuits 
was adopted. Utfdei’ this plan, the number of inter¬ 
mediate switches is minimize with a consequent 
improvement in speed, accuracy, directness of routing, 
and tonsmission. A paper describing this plan, by 
Mr. H. S. Osborne, was presented at the 1930 Summer 
Convention. (A. I. E. E. Trans., October 1930.) 

Subscriber’s Equipment and Services 


Dunng 1930 the number of hand telephone sets in 
approximately 2,000,000 as against 
about 1,000,000 at the b^jnning of the year. The 

of a type of hand set which would meet 
acoustic requirements of telephone 

problems have been 
concerned pnmanly with the suppression of singing, 
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for which the hand i^t has a tendency because of the 
rigid connection of the transmitt^ and receiver, and 
with the elBdent operation of the transmitter in a wide 
range of angular positions. These difficulties have been 
successfully overcome through the application of a large 
amount of sd^tific work in the design of the hand set 
handle, the transmitting and receiving elements, and 
the electrical drcuit connecting them. These achieve¬ 
ments have made it possible to use the hand set without 
any sacrifice in performance as.compared with the desk 
stand set. 

For subscribers requiring a large number of atten¬ 
dant to take messages or orders, there has been made 
available an automatic call distributing amingemcnt 
associated with a simple type of attendant’s position, 
whaeby calls are immediately connected to idle atten¬ 
dants or, if none are available, are held and subse¬ 
quently connected in the order in which they arrived. 

A new type of private branch exchange suitable for 
larger residences and business offices of moderate size 
was made available dining the year. No operator or 
attendant is required. Calls may be originated, an¬ 
swered, and Inferred from any of the telephones. 
Intercommunicating calls are made by means of the 
dial. Complete privacy for both outside and inter- 
confinuiucating connections is provided. 

WMe airangements have been available for some 
time for private branch exchanges whereby a number of 
telephony could be connected together simultaneously 
m a conference connection, these arrangements have 
b^n extended during the past year so as to enable the 
int^nnectioa of a larger number of stations and to 
mdnde more than one trunk circuit out of the private 
branch exchange. 
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Central Officb SysTBMs and Apparatus 
Duimg 1980 was an increase of about 1,000,000 

^ approximately 
^ one-fourth of the total number 

converaion to 

dial of ^dihonal portions of lai«e cities, increasing 
^ h^ been made of dial equipment in small com- 
servK^ requiring the assistance of 
can economically be handled from near-by 

^ made in the 

tandem facihties used primarily for sendee betwS 

ndghboring suburban points, 
^f^gements are now m service for automatical^ 
“sertmg voice repeaters when required on calls betwJ2j 


560 



COMMUNICATION 


651 


the more distant points. Facilities are also included for 
completing calls to a variety of types of offices, either 
mechanically or by key sets at call distributing tandem 
portions. An installation of call announcer apparatus, 
described in last year’s report, has been made in New 
York. The mechanical tandem also includes a-trouble 
recorder which provides a continuous coxmt of calls 
affected by various classes of irregularities and prints, 
by means of a teletypewriter, a complete record of the 
channels and equipment used by such calls. 

The panel system has been provided with a new type 
of equipment known as the decoder for translating the 
digits dialed by the subscriber into the electrical in¬ 
formation required for routing the call to various t 3 ?pes 
of offices. Panel equipment in certain areas is also 
being arranged to permit subscribers to dial calls directly 
to distant zones which previously required the super¬ 
vision of an operator because of the additional charges 
involved. The equipment is arranged to determine the 
nrimber of message units corresponding to the charge 
to the zone in which the call terminates and to cause a 
corresponding number of operations of the message 
register. 

Time announcement systems for use in the larger 
areas have been modified by the adcfition of facilities 
for the distribution of announcements over a trunk net¬ 
work, equipped with repeaters to insure adequate 
volume and quality, so that one operator may furnish 
time announcements for a network of offices. 

An improved low-speed interrupter, utilizing mercury 
make and break contacts, has been developed for use 
in giving flashing signals to operators and in timing 
sequence operations. For producing tones used as 
signals to operators and subscribers, there has been 
developed an alternator whi<ffi enables dose control 
of the frequency, magnitude, and harmonic content of 
the tones. The field windings and the tone output 
windings of this alternator are formed on the stator, 
and the tone is produced by an unwound, toothed rotor 
which varies the magnetic flux in the tone windings. 

Privacy apparatus was put into service during the 
year on nearly all of the intercontinental radio tde- 
phone circuits operated out of this country. By means 
of this apparatus the radio waves transmitting conver¬ 
sations are so modified in-their characteristics that if 
listened to with an ordinary radio set, speech is not 
intelligible. At the receiving end this process is re¬ 
versed and intelligible speech restored. While this does 
not guarantee complete secrecy, it does furnish a con¬ 
siderable degree of privacy and represents an important 
step in advance. 

Another important toll equipment development was 
a new type of toll switchboard in which the use of 
fmalTar jacks makes possible a substantial increase in 
the number of trunks and toll lines appearing at each 
toll operator's position. Tandem positions are also 
provided througlf which an operator may secure access 
to any circuit not appearing in the toll line multiple at 
her position. 


Outside Plant Construction and Methods 

To facilitate the placing of tape armored toll tele¬ 
phone cables, a method has been developed whereby the 
trenching, laying of the cable, and the filling of the 
trench are simultaneously accomplished in one opera¬ 
tion. This method utilizes a tractor behind which are 
pulled the trailer supporting the cable reel, the plow, 
and the drag which fills in the trench. From the red, 
the cable is threaded through a pipe which leads it to 
the trench at a point directly in back of the plow. 
Under ordinary conditions it has been practicable, on 
the average, to lay more than one mile of cable per day 
with one outfit, using this method. 

A new method which utilizes a single tube sleeve has 
been developed for making joints in aerial line wire. 

A hand operated rolling tool compresses the sleeve onto 
the wire in such a way as to provide a joint with no 
greater electrical resistance than a corresponding 
length of line wire and with a tensile strength at least 
equal to that of the wire. This new joint is expected 
to avert the electrical troubles now experienced with 
open-wire joints of the twisted sleeve type. 

An important step has been taken by the communi¬ 
cation interests cooperating with other pole using utili¬ 
ties, and others connected with the pole industry, in 
arriving at uniform classification dimensions for wood 
poles of southern yellow pine, western red cedar, north¬ 
ern white cedar, and chestnut. This work was carried 
on by the American Standards Assotiation. Standard 
fiber strengths lb. per sq. in. have been established as 
follows: 7,400 for southern yellow pine, 5,600 for 
western red cedar, 3,600 for northern white cedar, and 
6,000 for chestnut. These values have been accepted 
and made American Standards. 

Under the new clasrification, a pole of a given class 
designation will have approximately the same breaking 
load r^ardless of pole length and spedes of timber. 
The adoption of the new grouping by all'users of wood 
poles is expected to result in economies in the produc¬ 
tion and stocking, of poles. The problems in^duced 
by joint use will also be simplified as both parties to the 
joint use agreement will be uang the same dasssfication, 
whereas in the past this was seldom the case. Cost 
comparisons between the various species can be more 
easily made under the new classifications as prices may 
be directly compared class for class, whereas under the 
old tables calculations had to be made to determine the 
class of equival^t poleis of other species of timber. 

Long Distance Toll Cables 

About 6,000 miles of cable for toll use were added to 
the telephone system of this country in 1930, bringmg 
the total toll cable mileage to approximately 24,000 
TwiW. Including the toll cable network on the Pacific 
Coast, whidi is connected with the toll cable network 
of the rest of the country by several individual and 
widely separated open-wire toll rou^, there are now 
129 out of 176 cities of the country fiaving nopulations 
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of 50,000 or more connected directly into the toll cable 
network. The fourth telephone cable between Key 
West and Havana was completed in January 1931. 
The new cable is non-loaded and employs the recently 
developed paragutta insulation. It is equipped with 
carrier telephone apparatus which now provides three 
telephone message circuits, as well as one d-c. telegraph 
circuit. Provision has been made for the addition of 
other telephone circuits when needed. The telephone 
facilities now afforded by the single new cable are equal 
to those furnished by the three older cables in total. 
This gain in efficiency is brought about by improve- 
' m^ts in the art of cable construction, induding 
employment of paragutta, as well as advances in the 
application of carrier methods using high frequendes 
for multiplexing. 

About 35,000 miles of telephone circuit are now being 
regularly utilized for radio program transmission 
service and almost 200 radio broadcasting stations 
recdve programs from these chmns Of wire circuits. 
H^tofore practically all of this service has been 
furnished by means of op^n wires using voice-frequen<^ 
channds. However, a new t 3 a)e of circuit for toU 
cables has recently been developed which permits of 
transmission over loi^g distances without material 
distortion of a frequency range from 50 to 8,000 cycles, 
at the same time transmitting a volume range of about 
40 db. (en«^ ratio 10,000 to 1). These charactaistics 
are dedrable for the satisfactory transmission of mudc 
where the frequencgr and volume range requirements Are 
much greater than in the case of speech. This new 
type of cable circuit is loaded at 3,000-ft. intavals and 
spedal repeaters are placed at approximately . 50-mile 
intervals. , Assoda^ with each repeater is an attenua¬ 
tion equalizer and a dday equalizer, which correct for 
the attenuation and delay differences at. diff^nt 
frequendes. A paper on this subject, by. Messrs. 
A. B. Clark and C. W. Green, was presented at the 
1930 Summer Convention (A. I. E. E. Teans., October 
1930, p. 1514.) 

Carbieb Telephone and Tblbgbaph 

During 1930 about 160,000 channel miles of carrier 
telephone fa<^ties and 400,000 channel miles of carrier 
telegraph fac^ties were installed in the United States. 
Recent improvements of earner dreuits involve im¬ 
proved tiani^osition arrangements and the introduc¬ 
tion of 8-in. spacing of wires in place of the 12-in. 
spacing. This latter development permits an increase 
in the nmnber of fadlities obtainable ffom a given 
number of \rires on a pole line. . * 

The operation of voice-frequency carrier telegrai)h 
over the diannds of hi|di*ff^uency carrier tdephohe 
systems haa been successfully applied. For example, 
each of the three two-way chaimels of a carrier telephone 
^tem has been filled with .12 carrier telegraph chan¬ 
nels. Such a pair of vrires ac^mmodates a duplex 
d-c, telegraph circuit, an ordinary two-way mes^ge 
telephone^ dreuit and 36 duplex carrier telegraph 


channels which if multiplexed would afford means for the 
transmission of about 7,500 words per minute for the 
telegraph fadlities alone. 

A papa* by Mr. E. I. Green, discussing the tians- 
mission characterikics of open-wire telephone lines, and 
a papw by Mr. L. T. Wilson, discussing telephone line 
insulators, were presented at the 1930 Summer Con¬ 
vention. (A. I. E. E. Trans., October 1930.) 

Intercontinental Telephony 

Most notable of the advances made during 1930 in the 
int^continental telephone field was the opening on 
April 3 of service to South America. This service is 
. provided by a short-wave radio circuit operating 
between the transmitting and receiving stations at 
Lawrenceville and Netcong, New Jersey, and corre¬ 
sponding stations near Buenos Aires, Argentina. The 
ratio portion of this circuit is 5,300 miles in length and 
it is therdore, the longest circuit now operating from 
the North American continent. The transmission 
characteristics of this circuit are, however, somewhat 
better than those of the short-wave dreuits between the 
United States and England, due prindpally to the fact 
that the transmission path of the South American cir¬ 
cuit is further removed than is that of the North 
Atlantic dreuit from the polar regions and the adverse 
infiuences df magnetic storms. Furthamore, the South 
American circuit, running nearly along the meridian, 
experiences a more uniform condition as to daylight 
or darkness. As a result of tiiese factors, extreme 
variations in transmission, which form an important 
problem on the east- and west-bound radio, circuits, are 
matoially reduced on this circuit. 

At Buenos Aires the radio-circuit connects with wire 
and cable circuits to more than 325,000 telephones in 
the Argentine Republic, Chile, and Uruguay, including 
the dties of Santiago and Montevideo. 

Another feature of interest, during the-year was the 
establishment of radio communication -between the 
United States and AustraHa by way of London. At 
London the tiansatlahtic circuits are connected to a 
London-Sydney short-wave radio circuit, which at 
Sydney connects in turn with the wire network of the 
Austridiw Telephone. Administration. This ^nnn ' hi na/l ‘ 
circuit is approximately 14,000 miles in length. 

Four paiteisk discussing transoceanic telephone service 
in. its various aspects, were presented at the 1930 
■Vinter Convention by Messrs. T. G. Millw, Ralph 
, Bown, A. A. Oswald, and A. Cowan. 

By the end of 1930, many parts of the world had 
been linked together by r^o-telephone circuits in 
addition to those mentioned above. Most of these • 
circuits have one end in Europe, far ends in such distant ' 
pla<ies as BrazU, Argenl^, Australia, New Zealand, 
Siam, Ihdo-China, Java, imd Algiers. Not all of these 
circuits are yet connect^ with the telephone systems 
at their terminals, and they do tot all^therefpre, possess 
to the same degree tiie universal accessibility and 

utfiity of those radiating from North ll^erica. 
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&Hip-To-bHORB Radio-Telephone Systems 

A novel tjrpe of ship-to-shore service was inaugurated 
in the middle of the year through the equipment with 
radio-telephone apparatus of a New York City fire- 
boat. This equipment is arranged to enable contin¬ 
uous two-way telephone service between the master 
of the fire-boat and his land headquarters when the 
boat is under way. By means of this close communi¬ 
cation, it has been possible to coordinate the efforts of 
the land and marine fire forces more effectively. As a 
result of the demand for telephone service of this kind 
in important harbors, both for harbor craft and ocean¬ 
going vessels, plans have been made for opening to such 
service in 1931, radio-telephone stations at Los Angeles, 
Sun Francisco, Puget Sound, and New York. 

Commercial telephone service between ships at sea 
and the telephone system of the United States was 
extended during 1930 so that this service is now avail¬ 
able to five ships: the Leviathan, Majestic, Homeric, 
Olympic, and Belgenland. Several organizations are 
involved in the provision of this service: the Inter¬ 
national Marine Radio Cortlpany, a subsidiary of the 
International Telephone and Telegraph Company, the 
Marconi Company, and the American Telephone and 
Telegraph Company. The shore stations are operated 
by the American Telephone and Telegraph Company on 
this side and by the British Post Office on the European 
side. During 1930, construction of a new land station 
at Ocean Cate, New Jersey, to care for transmission 
from shore to ship was completed. As in all radio¬ 
telephone transmitting stations, the antennas at this 
new station have a marked directional characteristic, 
the transmitted waves in this case being directed so as 
to traverse the North Atlantic shipping lanes. Four 
different wavelengths are used for transmission, rang¬ 
ing between 17.5 and 63 meters. Generally speaking, 
reliable transmission has been obtainable at distances 
from New York up to about 1,000 miles, correspond¬ 
ing with two days’ sail. While satisfactory talks have 
been made at ijiistances of 2,500 miles or greater, trans¬ 
mission at such distances has not been uniformly good. 

A paper by Messrs. William Wilson and Lloyd 
Espenschied, discussing radio-telephone service to 
ships at sea was presented at the Northeastern District 
Meeting in May 1930. 

Telegraphy 

During 1930 all Western Union tickers handling 
New York Stock Exchange service in the United States 
were converted to the high-speed type. This permitted 
increasing the output of stock quotations from 300 to 
500 characters per minute. In the field of telegraphic 
distribution of quotations and other market informa¬ 
tion, many improvements in apparatus and methods 
of operation were developed and applied during the 
year which resulted in a reduction of manual handling, 
greater output and extended operation into territory 
not heretofore reached,*including quotation service to 
Cuba. 


There has been a considerable expansion durinu ilio 
past year in the use of automatic quotation hoards for 
electrically indicating market prices and this service 
has been extended to a number of other citie.s in 
addition to New York, where the finst boards were 
installed. 

Numerous additional installations have been made 
of concentration equipment for printing telegraph 
circuits. A description of the apparatus used for ritis 
purpose is contained in the paper entitled .4 Prln^lixj 
Telegraph Cowcewtrator presented by Mr. W. B. Blanton 
at the Winter Convention in Januarv' 1931. 

The Western Union Telegraph Company has de¬ 
veloped a method whereby channels of a multiplex 
system circuit may be automatically repeated and 
extended individually over single wires by meaiw of 
simplex printers to offices. Circuits from several 
offices using simplex printers may be grouped at a 
central point and combined into a multiplex circuit to 
a distant central office. This system will give many 
small offices direct outlets to the large centers which 
could not have been economically provided with 
previous methods. 

During the year there was a marked increase in the 
tendency to employ, in place of direct current telegraph 
to outlying points superposed on telephone circuits, a 
method of operation which is called “two-path polar 
operation.” This involves the use of independent one¬ 
way polar circuits for the two directions and affords 
improved service vdth a lower maintenance cost as 
compared to the usual polar duplex method. 

Several methods of measuring the quality of tele¬ 
graph transmission have been developed. One form 
of apparatus which has been found ver>' effective both 
in the laboratory and the field was described by IMr. 
F. B. Bramhall in a paper entitled Telegraph Trans¬ 
mission Testing Machine, presented at the 1931 Winter 
Convention. 

A paper describing various technical features in 
connection with the submarine high-speed duplex 
telegraph cable between Bay Roberts, Nevffoundland 
and Horta, Azores was presented at the Winter Con¬ 
vention in 1931 by Messrs. J. W. Milnor and G. A. 
Randall. At the same convention, Mr. Milnor pre¬ 
sented a paper on the influence of interference in 
submarine cables. 

In addition to the statewide police teletypewnter 

systems in Connecticut and Pennsylvania, an extentii%e 

system of about 30 stations was installed last year m 
New Jersey for the New Jersey State Police. There 
is an-increasing number of large city police networks, 
such as those of New York City, Boston, Buffalo, and 
St. Louis. The United States Coast Guard also has 
such a system in use along the New England Co^t.^ 

Progress has been made in the development of switch- 

■ ' ■) permit the mter- 

manner similar to 
are interconnected, 
been developed by 


,rds for teletypewnter ser\nce u 
nection of these machines in a 
t by which telephone instruments 
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the Western Union Telegraph Company for carrying 
telegrams between the various parts of the central 
office. In this conveyer messages are carried along 
between a steel channel and a moving flat belt about 
IM in. wide, the motion of the messages b^g due to 
their sliding along the steel channel with practically no 
friction while adhering quite firmly to the belt. The 
messages can be tidcen around vertical or horizontal 
turns as well as through vertical and horizontal twists. 

Municipal and Protective Signaling 

There has be^ a steady increase in the use of elec¬ 
trical traffic signals. In the larger cities there have 
be^ several installations of flexible progressive systems, 
while in smaller places and in outlying sections of the 
laig^ cities, the detached intersection t 3 q)e of rignal 
is still largely used. For important intosections and 
through traffic highwairs, vehicle controlled rignals have 
been fairly successful but are expensive to install and 
maintain, as compared with the predetermined period 
signals. Vehide control of signals obtained otherwise 
than by switches imbedded in the street surface, such 
as light beam control, has been tried out. 

There has been a considerable use of electrical caution 
flashers in place of earlier types employing compressed 
gas, and practically all new installations are electrical. 
More illuminated caution signs are bdng installed and 
cheapo methods of illumination than by the neon tube 
method are being investigated 

An important development of the past year concern¬ 
ing munidpal fire alarms, has been the production of 
signal boxes and central office control apparatus, mak¬ 
ing effective use of ground return to srad in alarms at 
such times as the circuit is in abnormal condition. 
Previous attempts to accomplish this introduced some 
abnormal condition on an otherwise normal drccdt. 
This defect has now been practically overcome, and 
Mgnal boxes have been developed that will operate in 
the usual manner on a normal drcuit while at the same 
time they will transmit signals ov^ a grounded, short- 
drcuited or broken circuit without the necestity of 
making any temporary alterations at the tignal box. 
While this development is too recent to be able to 
judge of its effects, it may permit of more leeway in 
circuit construction than is now contidered safe, such 
as the installation of both tides of a drcuit in the same 
aerial cable. The importance of this improvement may 
be estimated when it is considered that fires often occur 
at times when circuit conditions are apt to be disturbed 
by storm, explosion, or acddent. 

The use of single battery with trickle charger in place 
of duplicate batteries charged alternately by motor- 
generators is increasing with consequent increase in 
battery life. 

The use of rectifiers and floating batteries or of 
tiansform^ and a-c. circuits in coimection with insti¬ 
tutional fire alarms has progressed to such an extent 
that practically all new installations make use of 
public electric ‘Supply for the operating current in 


preference to primary batteries or to storage batteries 
charged from motor-generators. The practise of con¬ 
necting automatic sprinkler alarm valves to munidpal 
fire alarm boxes so that an alarm will be soimded auto¬ 
matically for any appredable flow of water, has spread. 

Experiments have been made on improved flash-light 
mechanisms for calling patrolmen to signal boxes. 
One such S 3 rstem has been installed lately in Boston. 
This permits any dtizen detiring to call a policeman to 
operate an exposed lever which starts the flash-lights 
blinking the number of the tignal box from which the 
call is made. 

Television 

Further advance was made in ttievition as an acces¬ 
sory of telephone convosations by the development of 
means whereby two people at a distance are enabled 
both to converse and to see one anoth^ as if seated face 
to face in the same room. One of the interesting 
problems encountered in this development was that of 
suffidently illmninating the faces of the parties engaged 
so that their images could be transmitted without, at 
the same time, dazzling their eyes to such an extent 
that they would be unable to see before tiiem the image 
of the other party. This difficulty is met by employing 
blue light for scanning the faces of the parties. While 
the eyes are relativtiy insentitive to this color, the 
photodectric cells used to pick up the light reflected 
from the face and generate the televition signals are 
highly sentitive to it. Concealed microphones and 
loud speakers connected by four-wire telephone drcuits 
are used-in place of conventional tdephone instruments 
to provide the talking portion of the system. The 
problem of operating a loud speaker and a sensitive 
microphone in the same small booth in such a manner 
that a sdf-sustaining ringing drcuit would not be 
created has been solved by specially freating the walls 
of the booth to prevent the reflection of sounds into the 
transmitter and by so locating both transmitter and 
loud speaker that the transfer of soun<^between them 
is minimized. While the ^perimental s^tem is only 
two miles long, the tdevirion apparatus will function 
satisfactorily over distances of hundreds of miles when 
connected by suitable drcuits as was shown by 
the one-way demonstration between New York and 
Washington. 

Three papers dealing with television, by Messrs. 
H. B. Ives, F. Gray, M. W. Baldwin, H. M. Stoller, 
D. G. Blattner, and L. G. Bostwick, were presented 
at the 1930 Summer Convention. (A. I. E. E, TkANS.. 
Oct. 1930.) 

AntPiANE Radio-Telephony 

Development of telephone communication with air¬ 
planes continues to progress, and it has been foimd to 
be of very great importance fdr conqpunication between 
transport planes and ground stations. TwVway radio¬ 
telephone apparatus for communication between planes 
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and ground has been developed and supplied for equip¬ 
ping a comparatively large number of planes. The 
value of such equipment may be indicated by the fact 
that legislation provides for increased revenue to air 
mail contractors fl 3 dng planes equipped for two-way 
radio communication 

Two papera on this subject were presented during 
the year, one by Mr. R. H. Freeman at the Pacific 
Coast Convention, the other by Mr. Eugene Sibley 
at the Middle Eastern District Meeting in October. 

Synchronizing Radio Broadcasting Stations 

There has been considerable experimental work 
carried on during the past year by the prominent radio 
organizations along the line of synchronizing broad¬ 
casting stations so that the same r^io program may be 
broadcast from different stations operating at the same 
frequency. Best results are obtained only with a high 
degree of synchronism between the carrier frequencies 
of the different radio stations. In certain of the more 
successful experiments the control of the radio station 
frequencies has been carried out by sending over wire 
circuits standard frequencies of 4,000 or 5,000 cycles 
which, at the radio stations, are stepped up and used 
either directly to provide the radio carrier or indirectly 
to control the frequen<^ of a local oscillator. While 
it is evident from the tests which were made that line 
circuits can be used very satisfactorily for transmitting 
control frequencies, certain requiremepts are imposed 
on the radio station frequency step-up equipment to 
iron out minor line fluctuations, wWch are, of course, 
greatly exaggerated when the frequency is raised ftpm 
the relatively low frequency transmitted ovw the lines 
to the radio frequency of from 500 to 1,000 kilocycles. 

Standardization op Radio Terbis 

During the past two years the Standardization Com¬ 
mittee of the Institute of Radio Engineers has had 
under way a complete revision of definitions of terms, 
abbreviations, symbols, and methods of measurements 
and tests. A. preliminary report of this work was issued 
in December, 1930. 

Foreign Communication Mattejrs op Intbbbst 

During the year international service was extended 
in Central America by the interconnection of Guatemala 
and El Salvador. In Mexico the subscribers of a second 
large network were given access to the United States 
and all points reached therefrom. 

Conference toll service or multiple telephone servi<» 
was established in the Netherlands. By means of this 
system from three to six subswibOTS in the same or 
differ®it cities may be interconnected at the same time 
so that any one of the subscribers may be heard by all 
of the others. . , * 

Picture transmission service was extended in a num¬ 
ber of countries„particularly in Japan. 


In Europe the toll cable network was increased 
during the year by 6,000 to 8,000 kilometers. Two 
additional submarine cables were placed across the 
English Channel and ohe was placed between Sweden 
and Germany. 

A complete rotary automatic exchange system was 
installed in Vatican City and connections were estab¬ 
lished with the international network. 

Direct dialing over long distance telephone lines was 
successfully dmonstrated in Europe and installations 
were made in several countries. Toll dialing has been 
employed in the United States to a limited extent for 
a number of years. 

Transatlantic radio-telephone service was extended 
to include a number of new countries in Europe and to 
reach additional points in countries to which service 
had previously ^n given. Connections to points 
within the Antarctic Circle became possible for the first 
time when the service was extended in South America 
to include a number of additional cities in Argentina 
and Chile. 

During the year the International Telephone and 
Telegraph Corporation, in cooperation with the govern¬ 
ment administrations concerned, opened direct radio¬ 
telephone links connecting Buenos Aires with Paris, 
Berlin, and London. These additional links betwe^ 
South America and Europe not only decrease the use 
of long land lines formerly requir^ to serve points 
distant from the radio terminal, but greatly increase 
the reliability of the international connections as a 
whole. When, because of atmospheric disturbances 
or for other reasons, one link is unable to give commer¬ 
cial service, the traffic may be routed over one of the 
other links. The question of allotting the traffic over 
the different circuits and adjusting rates so that the rate 
between two points will not depend upon the routing of 
the call has ^n by no means a simple one, but with 
the cooperation of the various govermnent adminis¬ 
trations much progress has been made. 

Commercial service was made available between tele¬ 
phone subscribers in Chile, Uruguay, and Argentina, 
and subscribes in Belgium, Denmark, Switzerland, 
Austria, lithuania, Poland, Esthonia, Norway, Sweden, 
Czechoslovakia, and Jugodavia through one or anothe 
of the four direct links from Buenos Aires which, of 
course, also seve Spain, France, Germany, and Great 
Britain. 

Commercial telephone service was opened to some 
of the Canadian National Railway express trains and 
equipment for the reception of broadcast programs bn 
moving trains was provided in a number of countries, 
including Jugoslavia, Italy, and Austria. 

During, the year technical development work con* 
tinned to prepare for improv«nents in existing appara¬ 
tus and methods as well as to explore new fields, such 
as signaling and dialing over radio-telephone circuits, 
and the use of the so-called ultra short waves, those of 
under five meters. 
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Cooperation Between Wire Using Companies 

The many problems arising in coordinating the wire 
plants of the power and telephone companies led to the 
formation of the Joint General Committee of the 
National Electric Light Association and Bell Telephone 
System in 1921. Since that time an extenave program 
of investigation has been in progress and many im¬ 
portant results of this work were published in 1980 as 
Volume 1 of Engineering Reports of the Joint Sub¬ 
committee on Development and Research. A review 
of the work of this subcommittee was ©ven in a group 
of four papers presented at the 1931 Winta:' Convention 
as a symposium on the coordination of power and 
telephone plants. 

During the last two or three years three other Joint 
General Committees have been organized with the 
gaieral objective of working out methods of procedure 
for the coordination of wire plants. These are the 
Joint General Committee of the Western Union Tele¬ 
graph Company and the National Electrical Light 
Association, the Joint General Committee of the 
Amaican Railway Association and National Electric 
light Association and the Joint Genial Committee 
of the American Rmlway Association and the Bell 
Tdephone System. These committees are proceeding 
with the formation of the fundamental bases of pro¬ 
cedure for the cooperative handling of mutual problems 
betweCT the utilities concerned and the carrying 
out of such development and research workasapi>ears 
to be necessary in connection with the problems 
involved. 


Appucations op Probability Theory in Telephone 
Practise 

The importance of the probability theory and the 
rdated theory of statistics in tdephone practise are, in 
a general way, well known by the engineering profes¬ 
sion. However, a short r&um^ of the matter together 
with a brief statement of additional applications made 
during the last year may be welcome. 

The oldest and best known application of the theory 
in the art of communication is its use in the determina¬ 
tion of the loads which can be placed on various manual 
and dial trunking arrang«nents in order that efficient 
service be rendered. Unbalance effects on loaded cir¬ 
cuits and other transmission lines of periodic structure 
also g 3 ve rise to linear and other types of error function 
problems for the solution of which recourse to proba¬ 
bility theory must be had. 

The scheduling of adequate sampling plans for 
det^mining the quality of telephone equipment at 
various stages of its manufacture, after delivery to the 
operating companies and after installation, make heavy 
demands on probability and statistical theory. Within 
the last year extensive sampling schedules have been 
made for determining the extent to which the human 
factor in the telephone business is p^orming ite 
asfflgned functions. For example, sampling theory is 
now being applied with reference to the performance of 
the repmr clerk and test desk man, the quality of work 
done by installers and repairmen, the quality of sub¬ 
scribers’ contacts in commerdal offices and the quality 
of directory printing and delivery service. 
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ANNUAL REPORT OF THE COMMITTEE ON ELECTRIC WELDING* 


T his report condsts of two sections; the first deal- 
ing with the Organization and Policies, and the 
second with the Progress of the Art. 

I. Organization and Poucies 

During its first three years, this newly created com¬ 
mittee has gradually extended its fidd of action until 
the field overlapped that of various technical com¬ 
mittees of the AmCTican Welding Society. It was 
necessary, therefore, to establish a clear understanding 
with the A. W. S. in order to create an exchange of 
information and to avoid duplication of ^ort. It 
became apparent that it would be more profitable to 
leave such problems as the metallurgy of the welding 
processes, methods of testing the completed welds and 
organization of the procedure control, to the com¬ 
mittees of the A W. S. 

Our efforts have been concentrated, therefore, on 
sponsoring the advancement of the theory of the elec¬ 
tric arc, the design of the electric wdding apparatus and 
the u^ of diectric welding processes in the manufacture 
of electrical machinery. 

The gathering of all available information on the 
progress of the art and the presentation of these facts 
through the medium of our annual report to the whole 
membership of the Institute is another important func¬ 
tion of this committee. 

As the activities of our committee have ina%ased, it 
was felt at the beginning of the present fiscal year that 
the time had come to organize several subcommittees 
composed of physicists and engineers especially inter¬ 
ested in one of the above spedflc problems. The com¬ 
mittee as a whole has been concerned with tiie general 
survey of the advance in the progress of the art. 

The present organization of subcommittees is as 
follows: 

Research (Phenomenon of the Electric Arc) Dr. S. 
Dushman, Chairman, Dr. J. Slepian, Mr. H. M. 
.Hobart, Mr. W. Spraragen, Mr. A. M. Candy. 

Electric Wddiiig Machinery (Detigns of) Prof. F. 
Creedy, Chairman, Mr. J. C. Lincoln, Mr. A. M. 
Candy, Mr. A. Churchward, Mr. H. M. Hobart, 
Mr. K. L. Hansen. 

Resistance Welding. The subcommittee on Resis¬ 
tance Welding has only been partly organized witir 
•coHHrrm oh siacTiuc wbidihg; 

P. p. Atozaader, O hal rmim , 

O. A. K. !>. Hansen, Bmest lAinn. 

A. M. Oandy, H. M. Hobart, B. T, MotUnger, 

Alexander Ohuidnrard, 0. J. Holslag, J. W. Owens, 

P. Oteedy, J.®.Kearns, . J. Slepian, 

S. Dnrtunan,* * J. O. Lincoln, WUHam Spraragen, 

. P. M. Parmer, W. Tobey. 


Mr. E. Lunn and Mr. H. W. Tobey gathering prelimi¬ 
nary information. 

Papers 

Throng the efforts of the members of our committee, 
a s 3 nnposium on welding was presented during the 
WintOT Convention of the Institute. A paper by 
Dr. G. M. Shrum and Mr. H. G. Wiest, Jr. was pre¬ 
sented by Dr. S. Dushman which related to the new 
experiments of the phenomenon of the electric arc. 

Three papers woe presented by Mr. J. H. Blanken- 
buehler, Mr. S. R. Bergman and Professor F. Creedy 
on the subject of the design of electric weldii^ 
generators. 

Two papers by Mr. M, Thomson and Mr. S. Martin, 
Jr. w^ on the subject of the resistance wddlng as 
applied in the manufacture of electrical apparatus. 

Anotherpaperonthedeagnof the electric welding gen¬ 
erator was published in the Journal of the A. I. E. E. 
prior to the above Convention, by Mr. C. J. Holslag. 

II. Progress of the Art 

General 

The past year was characterized, first, by an out¬ 
standing improvement in the quality of the welds pro¬ 
duced by various methods, secondly, by the refinement 
in the design of electric welding equipment, and 
thirdly, by the unprecedented expanmon in the use of 
the resistance wdding process. 

The methods of toting and the procedure control 
attained such refinements that the quality of the wdds 
produced on pressure vessels can be checked with 
accuracy. 

. The most outstanding accomplishment in the fidd of 
application of the dectric arc in the past year, is the 
fabrication of 24 all-wdded steam boil^ by the 
Babcock & Wilcox Company for the United States 
Navy for installation on the new scout cruisers. 

In the past, the arc welded oil stills for high pressure 
were manufactured successfully for a number of years 
by the A. 0. Smith Corp., yet it is the first time that 
high-pressure steam boilers were fabricated by the 
dectric arc and installed on the fighting diips. 

Improvement in the Quality of Arc Wdds 

Arc wdding was introduced into general use in this 
country during the World war. The first attempts to 
adopt the European method of wdding vdth heavily 
fluxed dectrodes, did not meet with general approval. 
Instead, the technique of wdding with bare wire dec¬ 
trodes was developed to such an extent that practically 


667 



658 


ELECTRIC WELDING 


all the arc welding in this country was done, untQ 
recently, by that method. 

Since the tensile strength of the welds produced 
with such electrodes is about the same as that made by 
the most ^pensive heavily fluxed dectrodes of 
European make, for many applications the bare wire 
is entirely satisfactory. It should be noted, however, 
that botli bare wire electrodes and heavily fluxed elec¬ 
trodes of European make produced welds lacking in 
ductility. 

With the extension of the field of application of arc 
welding, it soon became apparent that for the use of 
arc welding on such structures as pressure vessels, elec¬ 
trodes of different types would be needed. Over ten 
years ago, work in this direction was started by the 
Electric Arc Cutting & Welding Co., Wilson Welder & 
Metals Co., and some oth^ concerns and individual 
investigators, each of whom produced a new tj^pe of 
heavy or lightly covered dectrode. These electrodes 
had c^i;ain advantages over the bare wire electrodes. 

Decided advance in the improvement of the quality 
of tile welds was made a few years ago by the General 
Electric Co. with the hydrogmi gas shielding of the 
weld, by A. 0. Smith Corp. with spedal wood pulp 
covered electrodes, and by several other individual 
investigators and concerns, each of whom developed 
in the last year or two, a very eflident type of fluxed 
dectrode giving wdds of high ductility, a quality which 
is absolutely essential for work on steam boilers and 
many other types of jnessure vessels. 

At the present time, several manufacturers of pres¬ 
sure vessels, in advertising thdr wdds guarantee a 
ductility unheard of only a few years ago. The General 
Electric Co., A. 0. Smith Corp., Blaw-Knox Co., 
Struthas-Wells Co., Edlog Company, Fusion Wdding 
Ccap., The lincoln Electric Co., and Babcock & Wilcox 
Co. are probably only a part of the list of concerns now 
produdng hig^y ductile welds. This advance in the 
quality of the produced wdds opened new Adds for 
arc wdding, of which the steam boilers for the United 

States Navy is an outstanding example. 

Resistance Welding 

The wdds produced by this process are of the high^ 
quahty with respect to stiength, ductility and resistance 
to fati^e. The devdopment, therefore, condsted 
mostly in the improvements in the dedgn of the wdding 
machines and application of such machines in new 
Adds; 

The most outstanding feature of the past year was 
the great devdopment of wdding pipes by the resis¬ 
tance process. Several machines up to 6,600 kva. each 

have been buflt for wdding, by tiie flash wdded process, 
lon&tadinal seams 40 ft. long. By the use of such 
inac^es, a wdd 40 ft. long is produced simultaneoudy 
all al<^ the seam and in less than one minute on pipe 
rome 24 inches in diameter and of a plate up to ^ inch 
»«sistance welding machines <rf 
l,200-kva._ capacily urdd circumfermitial seams' of 


dmilar pipe. All the electrical parts for the above 
machines have been b'uilt by the Swift Electric Wdder 
Company. A spot wdder of 800 kva. with electrodes 
of 3^ inches in diameter, which probably is the largest 
machine ever built in this country, has be^ success¬ 
fully built by the same Company for special heavy 
wdding work. 

Oth^ concerns (amongst which the Thonoson-Gibb 
Electric Wdding Co. is the pione^), devdoped the 
continuous method of seam wdding. This last method 
had previoudy bear used on a large scale for welding 
thin walled tubing. Within the last year, this method 
has been applied to the continuous seam welding of pipe 
of condderable diameter and wall thickness. At the 
present time, several manufacturing concans are pro¬ 
ducing welded pipe up to 40 ft. long and it is expected 
that by butt welding two of such lengths in the factory, 
a pipe of 80 ft. long will be available for construction 
work. 

This great devdopment in the wdding of indus¬ 
trial pipe by the resistance process was due to the 
deddon of several large concerns to extend tire pipe 
lines for transportation of natural gas and gasoline 
from the producing areas to the consuming districts 
over 1,000 miles away. 

devdopment should be of especial interest to 
engineers since it indicates the possibility of transmis¬ 
sion of power over longer distances by gas than have 
been accomplished by the dectric current. 

As was r^narked by a wdl-known consulting engi¬ 
neer, the dectrical engineer should rise to the occasion 
and surpass gas with respect to distance and amount 
of power transimtted. He has plenty of as yet unde- 
vdoped alternatives to the 60-cycle synchrono'us system 
as at present employed. 

The resistance wdding process is bdng further de¬ 
vdoped in the application to the automobile industry 
where it greatly outdistances all the other welding 
processes. Another important field of application of 
redstance wdding is the manufacture of wire goods 
whi(A compri^ even such fidds as the wdding of wire 
netting for rdnforced concrete. Machines making up 
to 24 welds simultaneoudy have been built and are in 
successful use. In 'the fabrication of decirical machin¬ 
ery, the resistance process has already been applied 
on a large scale to the manufacture of small tians-. 
former tanks. The application of this process has also 
extend^ to the fabrication of motor magnet frames. 



In the fidd of structural sted, arc wdding has 
already proved to be entirdy satisfactory, and there¬ 
fore, received further important applications. All arc 
wdding of this type of construction is done with entire 
satisfaction with the bare wire dectrodes. 

Amongst the high buildings erected during the past 
year, partly by wdding and partly -by rivjsting) are 
me buildings of the Southern California Edison Co., 
the Edison Electric & Illuminating Co..of Boston, and 



ELECTRIC WELDING 


559 


the DuPont Corporation at Wilmington, Delaware. 
The highest building entire’y welded was erected by 
the Dallas Power & light Co. This building has 19 
stories and measures 246 feet above the foundations. 
The Westinghouse company erected several industrial 
and office buildings, all entirely welded. The highest 
of these buildings measures 190 feet above the foimda- 
tions. It should be noted that in the erection of the 
buildings, only very few welding machines are neces¬ 
sary. In the erection of the 19 story building at Dallas, 
only fotir arc welding machines were used. 

Shipbuilding 

In the shipbuilding field, arc welding is bring ex¬ 
tended rapidly and all our shipbuilding companies such 
as the Newport News Shipbuilding & Drydock Co., 
The Bethlehem Shipbuilding Co., and many others as 
well as the U. S. Navy Yards, are using arc wriding 
quite extensively for fabricating various internal struc¬ 
tures on ships. On smaller ships, the electric arc has 
been used succesriully even in welding the hulls. 

. The Electric Boat Company, at Croton, launched 
during the past year, an all wrided barge, 118 ft. 
long, of EWmtz patented derign. The Federal Ship¬ 
building & Drydock Co., at Cumey, N. J., welded a 
number of barges, and the Standard Steel ShipbuUding 
Corp., of Los Angeles, completed an all-welded 6.5?ft> 
yacht. 

The application of arc welding in shipbuilding 
requires a careful study of the design of the welds and 
the details of the technique of welding. The long welded 
seams characteristic in this type of construction may 
be subject to high internal stresses and therefore should 
be produced by the best known methods and electrodes. 
The amoimt of welding per ton of steel in shipbuilding 
is very much greater than in the erection of buildings 
wh«e only the short welds are necessary. It may be 
expected that in the construction of barges and small 
vessels for internal navigation, arc welding will soon 
outdistance riveting. 

Automatic Machines, AUey Electrodes and Spedal Arc 
Torches 

The design of automatic arc welding machines ad¬ 
vanced still further and several concerns are now 
manufacturing either full automatic or semi-automatic 
machines of a very efficient design for use with metallic 
electrodes. The Lincoln Company made further im¬ 
provements in automatic carbon arc welding machines 
which produce welds of high ductility, and the General 
Electric Company applied the atomic hydrogen process 
to automatic welding as well as for hand wriding. 

The development of special alloy electrodes for hand 
welding as illustrated by the Stoody process, made con¬ 
siderable progress. The surfaring of various parts of 
machines subject to we^f and abrasion with hard sur¬ 
faces in centain cases can be successfully accomplished. 

The development of special torches for use of indirect 
are (similm: to the flamihg arc) extended the field 


of arc welding’ to the low-melting-point alloyis. A 
special torch developed by Hansen and utilizing the 
d-c. arc can now be used for brazing, soldering, and 
welding low-melting-point extruded alloys. Another 
torch utilizing the a-c. arc has also been put on the 
market by the 'Warner Co., of Los Angeles. It can be 
used successfully on light work of brazing, soldering, 
and welding steel sheets of light gage. 

Design of Electric Arc Welding Generaims 

The advances and refinmnents in the design of the 
riectric wriding generators have been carefully followed 
by the subcommittee on Electric Welding Machinery, 
which reports as follows: 

An outstanding feature of the year’s work in the 
development of direct-current arc welding generators, 
is the attention which has been devoted to their 
transient characteristics. It has been realized that the 
momentary shortening of Ihe arc produces a large 
momentary tranrient current, which tends to cause 
explosions or “sputterings” detrimental to welding. 
Means have, theiriore, been southt by sevmri worlmrs 
by which these momentary transient currents may be 
eliminated and papers on the subject have been pre¬ 
sented by Blankenbuehler, Bergman, Holslag and 
Greedy. 

The direct-current welding generators contain a 
main exciting coil either shimt, separately excited, or a 
combination of the two, and a demagnetiring series 
circuit whose function is to reduce the voltage with 
increaring current. One important type of transient is 
caused by the voltage induct in the main exciting cir¬ 
cuit by transformer action from the series demagnetiz¬ 
ing circuit and this t 3 nae of tranrient may be riiminated 
by reducing this voltege to a small value. Th^ is no 
need to eliminate this voltage altogether because it is 
only necessary to reduce it to such a degree that the 
solutions of the differential equations which determine 
the current approximate to the logarithmic instead of 
the oscillatory type. Blankenbuehler discussed a ma¬ 
chine with separatriy exciting coil and reverse series 
winding only, and injects into the separately exdted 
circuit a voltage proportional to the current flowing 
throng the reverse aeries winding (Ihe wriding current) 
by means of a series transform^. This voltage is 
opposite in direction to that induced in the same coil 
by the revmse smes winding so that the two tmid to 
cancri. 

The machine treated by Bergman has two. distinct 
poles whose fiux cuts the conductors between positive 
and negative brushes. One has constant flux and the 
other is shunt exdted from a third brush intmmediate 
between the mrin brushes, armature reaction being re¬ 
lied upon to reduce its voltige with increasing current. 
In this case a series transformer is used to inject into 
this shunt circuit a voltage proportional to, but oppo¬ 
site in direction to that due to induction from the 
armature. • 

In Greedy’s machine in which the effect of rimnt and 
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separately excited windings is produced by a ainglo coil, 
no transformer is employed but the same result is pro¬ 
duced by reducing the reluctance of the main magnetic 
circmt so that the number of turns on the main exciting 
coil is much reduced and consequently the e. m. f. 
induced in it by the series demagnetizing circuit becomes 
small. With this latter device a neutralizing winding 
becomes necessary to avoid ^)arking and excessive re¬ 
actance of the armature winding. 

Testing oSWeUs 

Sevaal non-destructive methods of testing of welds 
have been developed among which the X-ray method 
is already being applied as a regular procedure control 
on welds made on important structures. The mag¬ 
netic and the stethoscope methods are also available. 
It should be noted also that a series of experiments 
has been conducted with the gamma rays produced 
by radium emanation for testing of welds on heavy 
plates and steel castings. 

Further Research 

Since the electaic arc is the foundation on which the 
entire arc welding industry has been built, our sub¬ 
committee on Research recommends further study of 
this phenomenon. The outlined problems are as 
follows: 

1. Probe measurements in arcs between iron elec¬ 
trodes, using a technique somewhat ainular to that 
adopted by Nottin^iam in his investigations on the 
arc between copper electrodes in air. 

2 . Arc characteristic should be taken as a function 

pressure for different gases, such as carbon 
dioxide, air, and argon. 

que^iou of the part played by fluxes, or 
additions of various “dopes” to the welding rod. 

4. Determinations of the eneigy consumption at 
the electrodes, using a calorimetaic method. 

6. Accurate determination of cathode drop and its 
variations imder varying conditions. This is an im¬ 
portant tsctoT in all theories of the electric arc and more 
accurate information on this point is certainly Hogirah le , 

6. ^ Accurate determination of anode drop under 
varying conditions. 

7. Study of small current arcs and particularly the 
idow to arc transition. 

8. Mathematical study of some of the newer ideas 
on stability of discharges as developed by Barkhausen 
and others. 


9. Cathodcray study of stability of arcs sudi as 
us®d in electric welding. The spontaneous variations 
in current and voltage which are always taking place 
will probably be frequently beyond the capacity of the 
ordinary oscillograph. The influence of high frequency 
charactmstics of the external circuit could be studied 
in this connection. 

10. Stability of arc in magnetic field. Since ares 
used in welding usuafly have quite strong magnetic 
fields, the iniiuence of this factor in the stability of an 
arc is quite important. 

11. Study of influence of nature of cathode surface 
on stability. 

12. Study of influence of nature of anode surface on 
stability. 

18. Study of passage of the deposited metal from 
the electrode to the work. Although a large part of 
the metal is deposited by liquid drops, it may be that a 
considerable portion passes in the form of vapor. 

14. Study of the influence of superimposed alter¬ 
nating current of moderate and high frequency. The 
use of high frequency has been proposed for actual 
weld^, but the influence upon the arc has not been 
studied in much detail. 

It has also been suggested that the carbon welding 
arc be furth^ studied, especially with respect to the 
blast of carbon vapor firom the cathode spot. 

University Activities 

Through the initiative of the Am^can Bureau of 
Welding, twelve engineering colleges and universities 
have become interested in various problems relating to 
welding. In addition to the research work conducted 
by professors, the students in several colleges write 
their theses on welding in preparation for the degree 
ofB.S.orM. S. 

Jt should be not^ that welding, and especially dec- 
trie wdding, is receiving consid 3 :able attention in 
various umversities abroad. Gomany is probably 
leading in that respect because electric wdding is con¬ 
sidered to be of such importance that some colleges 
in t^t country confer the d^ree of Doctor of Engi¬ 
neering for any adequate research work on problems 
of wdding. 

In the Soviet Union, welding has received during the 
past year, an unprecedented expansion. To deal 
more adequately with the problem of a highly trained 
peiwnnd, a special Wdding Institute is being organized 
which will cost over $1,50(]!,000, to tiain future wdding 
engineers. 
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ANNUAL REPORT OF COMMITTEE ON ELECTRICAL MACHINERY* 


I. Organization and Activities 

T he committee is organized with five permanent 
subcommittees, and its work has consisted of the 
review of papers, arrangement of programs for 
technical sessions, and the preparation of Standards 
and Test Codes. 

Forty papers on electrical machinery were presented 
during the calendar year 1930. Others could have been 
made available if facilities for presentation and pub¬ 
lication had permitted. The committee believes that 
the preparation of short and informal papers designed 
to bring out discussion at conventions should be en¬ 
couraged, and that highly technical papers whose chief 
value is for reference should be presented before small 
groups in parallel sessions. 

Standards 

The Subcommittee on Transformers has been very 
active and diuing 1930 prepared ""Recommendations 
for the Operation of Transformers^^ and brought to 
conclusion a revision of the A. I. E. E. Standards for 
Transformers. 

The Subcommittee on Synchronous Machines, be¬ 
sides completing A. I. E. E. Standards for Capacitors, 
has initiated a number of revisions for the A. I. E. E. 
Standards for S 3 mchronous Machines. 

The Subcommittee on Mercury-Arc Rectifiers is 
working in close cooperation with the Sectional Com¬ 
mittee on Rectifiers, which has imder preparation 
Standards for Mercury-Arc Rectifiers* 

Test Codes 

Preliminary drafts of test codes for transformers, 
induction motors, direct-current machines and syn- 
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W—^Westinghouse Electric & Mfg. Co. 
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chronous machines have been prepared. These codes 
are intended to provide definite instructions for the 
more generally applicable field and factory methods of 
conducting and reporting acceptance and other tests of 
general commercial value. 

n. Resume of Progress of the Art 

Synchbonous Machines 
Steam-Turbine Driven Alternators 

The size of the single-shaift units has again been 
increased, two 200,000-kva., 0.8 power-factor, 1,800- 
r. p. m., single-shaft, tandem-compound, turbine-gener¬ 
ator units (GE)t now being built for the Hudson Avenue 
Station of the Brooldsm Edison Company. They have 
double windings rated at 16.5 kv., and double-winding 
auto-transformers will step up the voltage to 27.6 kv. 



Fig. 1—^50,000-Kw., 3,600/1,800 -R®y. pbr Min., Vdrticai.- 
CoMPOGND, Torbinb-Qrniiba.tor Unit (0E)—Paciho Oas & 
Elbotrio Co. 

A 110,000-kw., 1,200-lb., vertical-compound, double¬ 
winding turbine-generator unit (GE), with duplicate 
generators on the high- and low-pressure turbines, has 
been constructed for the Ford Motor Company. 

A 60,000-kw., S,600/l,800-r. p. m., 1,200-lb. unit, in 
which the high- and low-pressure elements were com¬ 
bined to form a vertical-compound turbine-generator 
set. (GE) was constructed for the Pacific Gas & Electric 
Company and a duplicate unit is nearing completion. 
(Fig.l.) 

Three 18,750 kva., 3,600-r. p. m., turbine-generator 
units (W), the largest machines of tiiis speed yet 
manufactured in this country, were put in oi>eration at 
Baton Rouge by the Louisiana Steam Products Cbm- 
pany. An outstanding feature of these machines k the 
internal propeller fan used, the success of which has- 
<a%ated a new interest in intemalfansfor large machines. 

High-voltage turbine generators rated 121,000 kva. j 
18 kv.; 147,000 kva., 22 kv.; and 94,000 kva., 22 kv. 
are now in the first stages of construction (AC). 

The satisfactory completion of tests on a 9,375 kva. 
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hydrogen cooled, turbine generator (W) (Fig. 2) have 
encouraged the serious consdd^tion of hydrogen cooled 
turbine generators for ratings above 30,000 kva. 

Waterwheel-Driven AUemators 

The year 1930 has been notable for the number of 
large hydro^ectric developments which have ather 
been contemplated or put into operation. Table I is 
a list of some of the more interesting hydraulic-driven 
generators installed or under construction during the 
past year. 


The 77,500-kva. generators (GE) for the Dnieper 
River Development in Rustia, operating under a 
hydraulic head of 123 feet are the largest waterwheel 
genaators yet constructed. (Fig. 5.) The total 
weight of each genarator will be approximately 880 tons, 
the weight of the rotor and shaft will approach 445 tons, 
and the shaft its^, which is 36 ft. long and 40 in. in 
diameta, with a 70-in. flange on each end, will weigh 
about 68 tons. The stator is fabricated in six sections 
with punchings and windings assembled in each section 
b^ore shipment. 


table I—waterwheel-driven alternators 


Piucbaaer—^Location 


Amtorg Trading Oo. 

Dnieper Birer (Bnssia). 

City of Seattle 

Skagit River. 

Inland Power A Light Oo. 

Ariel Development 

Alcoa Power Oo. 

Ohote-A-Oaron 

New Tork Power A Light Oorp. 

Spier Pads 

Beauhamoifl Power Sc Light Oo. 

St. Lawrence River... 

St. Lawrenoe River. 

Western Power Oo. of Oan. Ltd. 

Rnskin Generating Station B. O. 

Lexington Water Power Oo. 

Saluda Development. 

New BngUnd Power Oonstruction Oo. 
Fifteen Mile Palls.. 

Shawlnigan IBngineering Oo. 

Rapid Blanc Devdopment 

Pennsylvania Water A Power Oo. 

Safe Harbor^ Susquehanna River. 


New Kanawha Power Oo. 

New Kanawha River. 

PadSc Gtas Sc Electric Oo. 

Tiger Creek. 

Gatineau Power Oo. 

Paugan Palls P. Q. 

James MacLaren Oo. 

Masson Power Development 

Shawlnigan Water Sc Power Oo. 

Grand Mere» P. Q. 

Toocoa Electric Power Oo. 

Blue Ridge.... 

Montana Power Co. 

Morony.... 

Hy^ Electrlca Espanola. 

Spain 

XTnfon Electric Lt. & Pr. Oo... 

Qtage River 

Chats P^ Ezecntlva Board. 

San Joaquin LlQ^t Sc Power O . 
Merced Falla. 

^chided in report^ last year. 


No. Kva. R.p. m. Type Pig. MfT. 


.4*. 

.77,600. 

_ 88.26... 

... .Vert. 

.4. 

.OB 

.1 . 

.77,600. 

. 88.26... 

.,. .Vert. 


.OB 

.2. 

.06.700. 

....171.6 .... 

.. - .Umbrella. 


w 

.1 . 

.66,250. 

....120 .... 

...Overhung. 


.GB 


4 . 60,000.120 .Vert..OW 


.!♦. 

.47,000. 

.... 81.8 ... 

., ..Overhung. 


.2. 

.46,625. 

_76 

... .Umbrella. 

.. OOE 

.2. 

.43.883. 

_76 

.... Umbrella.. , 

. noB 

.1. 

.44,000. 

....120 ... 

... .Umbrella. 



.4*.40.026.138,6 

.4*.89,000.,,.138.6 

.4 .36.000.109.1 


.Umbrella... .8.W 

.Umbrella.W 

.Vert..OW 


.4 

2 

.4 

.2 

.1 

.4 

.1 

.1 

; 2 * 

.2 

.0 . 

.8 . 

.1 , 


.81,111 . 

_109 .... 

. . - OirArhungf, ,,, , 


.. . GB 

.81,111. 

.109 _ 

. . .UmhrAlia.. 


.yy 

.30,000. 

....160 . , . . 

,, .Vert . 


* *W 




- 


.30,000 . 

_ 225 _ 

,. .Hoilz,... 


.w 

.28,500 . 

,.,.126 

...Vert, . 


OW 

.28,000 . 

..,.166,7...; 

.. .Vert . , 


OW 

.26,000 . 

.,..112.5 .... 

., ,Vert. . 


. OW 


26W.164 .Umbrella...W 

26,000. 81.8 .Umbrella....W 


.26,000 . 

- 875 .. , 

,..,,Vert. 

.GE 

23,888. 

....112.6 

... ,Uml>peiift. 

___w ■' 

.28,600. 

.;.,126 ... 

. . . .Vert .. 

.oyy 

. 4,000 . 

....128 

.. 4. ... . 

..4.Vert..,..,..,........f4 . 
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The 31,111-kva., 109-r. p. m., umbrdla-type genera¬ 
tors (GE and W) for the Safe Harbor Deydopment of 
the Pennsylvania Water & Power Company sure to be 
driven by Kaplan-type turbines, and will operate as 
motors in a reversed direction to pump water badi into 
the fore-bay for use during the peak-load periods. 

High Frequency Generator 

A 500-kva., 960-cycle generator (W) built for the 
American Brass Company will supply power for an 



Fio. 2—9,375 Eta., Hydboobh-CooIiBD, Tubbinb- 
Gbneratob (W) 

electric furnace. The rotor required special construc¬ 
tion to retain the field coils in place at the high periphe¬ 
ral speed of 20,000 ft. per minute. 

A 666-kva., 960-cycle single-phase generator (GE) 
was placed in operation at Watertown (Mass.) Arsenal 
in November, 19S0, and a 750-kva., 960-cyde, three- 
phase gmierator (GE) is being bmlt for the American 
Brass Company. 



Pia. 3 — ^PouB 40,626 -Kva., 138.6-Ray. pbr Mw., Ui(bbbu.a- 

TtPB, WATBBWHBBIrGBN»RATOEUlOTO (W)— SaLTO A DbTBLOB* 
MBMT, liBZINaTON WaTBB POWBB OO. 

Synchronous Condensers 

A 60,000-kva., 13.2-kv., 600-r. p. m., 50-cyde hydro¬ 
gen-cooled condensCT (GE), equal in capadly to the 
largest air-cooled machines, has been constructed for 
tile Southern Califoniia Edison Qompany. (Hg. 6.) 
The total capadty of hydrogen-cooled condensers now 
in service js 137,600 kva. with 70,000 kva. additional on 
order. 

Two 16,00(ltkva., outdoor hydrogen-cooled con¬ 


densers (W) have been constructed; one rated at 50 
cydes, 760 r. p. m. for the Southern California Edison 
Company, and the other rated at 60 Qrdes, 720 r. p. m. 
for the Indiana & Michigan Electric Company. 

A 7,500-kva., 6.6-kv., 900-r. p. m., 60-cycle air¬ 
cooled, outdoor condenser (AC) has been constructed 
for the Central Illinois Public Service Company. 
(Fig. 7.) 

Industrial Synchronous Motors 

The application of synchronous motors to industrial 
purposes is bring extended as the knowledge of the 
starting, acceleration, and pull-in requirements is 
increased and as the prediction of these (±aracteristics 
becomes more acact. A number of unique derigns has 
been developed during the year. 

A 600-hp., 72-r.p.m., vertical-shaft motor (GE) 
has been applied to a FuUer Lehigh coal pulverizer, in 
which the motor frame forms the base on which tiie 
pulverizer is built. The motor devriops conriderably 
more than normal torque from start to pull-in in order 
to obtain riiccessful starting with a choked mill. Over- 



Fig« 4^^000*KIva., 128-Rbv. per Min., Veetioaij-Ttpb, 
Outdoor, Watbrwhbbl Gbnbrator (W)—^Mbrcbd Palls, San 
Joaquin Light & Powbb Co« 

voltage for starting is supplied by a step-up auto¬ 
transformer. 

A 700/S50-hp., 2.3-kv., 277/138-r. p. m., three- 
phase, 60-cyde, two-speed synchronous motor (W) has 
been applied to a verticil centrifugal pump for the Ford 
Motor ComI>any. 

A new method for securing reduced starting kva, has 
been introduced, which utilizes the inherent reactance 
of the motor itself, a 3,0Q0-hp. (GE), five 3,600-hp. 
(EM) and sev^al smaller motors having been built. 
The stator is wound with two or more parallri drcuits 
so arranged within the core as to obtain increased re¬ 
actance when only one of the drcuits is ener^zed. 
The starting characteristics obtained are somewhat 
similar to those secured by uring external reactors in 
series with the lines. 

A 600-hp., 440-volt, 300-r. p. m., three-phase, 60- 
cycle, synchronous motor (EM) was applied for the 
first time for continuous reversing'duty on a copper 
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Wiling mill, synchronous motors having been generally 
considered unsuitable for constant revermng duty on 
accoimt of thdr inferior starting characteristics. The 
operating requirement that the mill be reversed from 
full speed forward to full speed reverse in five seconds 
necessitated special design of the stator and rotor to 



Fig. 5—77,600-Kva., 88.26-Rbv. pbb Min..V*iwicai/-Ttpb, 
Wa.tbbwhbbl Qbnxbatob (QE)— Dnibpbr Rivbb Dxvblop- 
munt (Russia) Amtobg Tbaoing Coup ant 

dissipate heating, which was su^ximplished by the use of 
ventilating spacers in the armature core and field poles 
and by spe(^ cage end-ring construction. (Fig. 8.) 
Three paralld drcuits were used in the stator, which 
were switched succestively both for forward and reverse 
acceleration in order to reduce the incn^ent starting 
kva. demand. 

A slow-speed, vertical-shaft motor (EM) has been 
incorporated in a pulp hydrator base. The motor was 



Fio. 6—50,000 -Kva., 13.2-Kv., 600 -Riit. pbb Min. SO-Ctolb, 
Htdbogbn-Coomd Stnchbonous Conubnsbb (GE)— South- 
bbn Caufobnia Edison Co. 

provided with a thrust bearing which carries the wtight 
of t he ro tor and hydrator rotating memb^. To permit 
adjustment of the clearance between the rotating and 
stationary members of the hydrator, the motor was 
provided with a micromieter raising and lowering device, 
the .field poles b^g slightly lo^er than nLial to 


permit a moderate movement of the rotor axially with 
respect to the stator. 

Marine Synchronous Motors 
Several electric-propelled vessels of interesting design 
were placed in service or are irndm* oon^deiation. 


TABLE n—MABIKE STNCHBONOUS MOTORS 


Vesiel (or purchaser; 

No. 

Hp. 

R. p. m. 

Mir. 

8. 8. Santa Olara. 


.. 6,300.. 

...120.... 

..GE 

8. S. Morro Oastle. 


.. 8.000.. 

...148.... 

..OS 

S 8 1. 

..t2... 

.. 8,000.. 

.., 143_ 

. .GB 

8. S. President Hoover*. 


..13,260.. 

...133..,. 

..GE 

8. 8. President Ooolidge. 


..13,260.. 

...138.... 

..W 

United Mail 8. 8. Company (6 
vessels) t.. 

12... 

.. 6,500.. 

...125_ 

..GB 


^Xjaunched December 1930, Transoceanic service 1931. 
flnclnded in report of last year, 
iunder construction. 


The 13,250-hp., 183-r. p. m. ship-propulsion motors 
(GE, W) are the largest marine synchronous motors 
yet built. These motors are completdy fabricated. 



Eio. 7—7,500 -Eva., 6.6-Kv,, 900-Rxv. pbb Mm. 60 -Ctclb, 
Aib-Coouid, Outdoob, Stnchbonous Conubnsbb (AC)— 
Cbntbal Illinois Light Co. 

Frequency Converters 

There is a growing tendency to install large machines 
outdoors in ordCT to reduce building costs. The first 
frequen<qr-converter units to be so installed have been 
buQt during 1930 and will be placed in operation during 
1931. 

Two such units, the generators bdng rated at 21,000 
kva., 0.7 power factor, 300 r. p. m., 25 cycle, one-phase, 
and the motors at 18,000 kviu, 0.9 power factor, 300 
r. p. m., $0 cyde, three-phase (W) be installed at 
the Wayne Jimction Substation of the Philadelphia 
El^tric Company to supply power for the new Reading 
Railroad Electrification (Pig, 9). Conventional indoor 
design was followed, with spring mountings to absorb 
the angle-phase torque putotions, the machine being 
adapted for outdoor savice by endoang ih’ a sec- 
tionalized sheet steel housing approximately 64 ft. long 
by 26 ft. wide. , • 

Induction MAbmNBs 

A major activity of the manufacturas during the 
year has been the devdopment of new lipes of induction 
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motors to conform with the frame sizes and mounting 
dimensions standardized by the National Electrical 
Manufacturers Association as announced in last year's 
report. In many cases this program has included a 
change in electrical deagn to improve the noise and 
torque characteristics. Much attention has also been 
given to the appearance in order to meet the ever more 
exacting aesthetic tastes of the public. 



Fig. 8— 600-Hp., 440-Vom, 300-Rbv. hib Mih. 60-Ctclb, 
CoNTiNwoos-RBivBRBrHa-DTJTr, Syncheonovs Motor (BM)— 
CoppEB Rolling Mill 


Several manufacturers now furnish lines of motors in 
integral up to 100 hp. as well as fractional horsepower 
sizes for class I and class II hazardous locations (in- 
ilanunable gases and combustible dust) as defined in 
the National Electrical Code. 

Complete lines of totally-enclosed, fan-cooled con¬ 
tinuous duty 55-deg. cent, motors as large as 250 hp., 
particularly suited for use in harmful dust conditions, 
have now been developed by many manufacturais and 
the use of this type is steadily growing. 

An extensive application of a novel induction motor 
(GE) has been made to conveyor tables in steel mills. 
(Fig. 10.) The conveyor rollOT is a hollow cylinder 
mounted on ball or roller bearings rotating around a 
stationary supporting shaft on whidi the stator is 
mounted. The cylindrical convey roll, which surrounds 
the stator, smrves as a secondary, the induced currents 
flowing in the solid steel iimer surface of the roll. 

D-C. Machines 
Motors omd Generators 

An 8,000-hp., 800-volt, 40- to lOO-r. p. m., motor, 
having a peak capacity of 22,000-hp., 2,900,000-lb. ft. 
torque, has been built (GE) for a blooming mill of the 
Illinois Sted Company. This is the largest angle- 
2 Ufxnature motor ^nploying fabricated construction for 
the major parts. 

Two 5,000-hp., 40-r. p.m., double-armature motors 
were built (JV) for«opera£ng the main rolls of tiie new 
10,000-hp. blooming mills at tiie South Chicago Plant 
of the U. S. Steel Corporation, whidb is the most power¬ 


ful mill yet buUt. Each of the two main rolls is driven 
by one of the motors, the two being kept at the same 
speed by electrical control instead of being geared to¬ 
gether as in former installations. Each double motor 
has a pej^-torque capacity of two million lb. ft. Power 
is supplied from three 3,000-kw. induction motor- 
generator sets. The senes fidds of the three generators 
are interconnected in such a way that parallel operation 
is secured with satisfactory divirion of load. 

Planer motors up to 75 hp. rating with speed ranges 
by field control of 6 to 1 have been developed (GE and 
W), and further increases in size of this dass of motor 
are und^ conrideration. 

A 50-hp., 1,600-r. p. m., 76-d^. cent, one-hour motor 
has been devdoped (W) for application on a coal cutter 
to meet a limiting over-all hdght of 12 in. 

Six 8,500-hp., 330-r.p.m„ motors have been con¬ 
structed (AC) for a 96-in. plate mill of the Illinois Steel 
Company. Power is supplied by two 6,000-kw. syn- 
dironous motor-generator sets. 

Two motor-generator sets, conristing of two 3,000- 
kw., 600-volt, compensated generators driven by one 
6,500-kva. synchronous motor, have been constructed 
(GE). These sets will deliver 6,000 kw. continuouriy 
with 9,000 kw. for two hours or 7,500 kw. continuouriy 
without overload. 

Exciters 

Furthw devdopments in “rapid response’’ exciters 
have occurred during the year, with the objects of 



Pro. 9—21,000/(18,000 )-Kta., 300-Rbv. mb Min.. 25-(60)- 
Ctolb, Onb (Thbbb) Phase, Pmqdbhct-Comtbbtbb Outdoor 
Housing (W)—Watnb Junotion Substation, Philadelphia 
Elbctbio Co. 

securing higher efficiency and improved control* Th 
of a special Wheatstone Bridge type of rheostat 
(GE) enables the exciter to operate down to zero or even 
revereed voltage. 

A 90-kw., 3,600-r. p. m., direct-connected, turbme- 
generator exciter has been developed (W) which is one 
of the largest exciters ever built for this speed. (Pig. 11.) 

Synchronotis Converters 

Four 5,440-kw., ie7-r. p. m., 16,000-ampere, 25-cycle, 
synchronous converters were constructed (2 GE 
2 W) for a chemical plant in the Niagaia Falls District. 
The converters are enclosed in voUite housing^ and the 
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outgoing air is discharged outside the building. Direct- 
current voltage adjustment is obtained by of 

tap-changing equipment on the supply transformers. 
A novel feature of construction used on two of these 
machines (GE) is a “tandem" commutator, which con- 
si^ of two sets of short®* copper s^ments, together 
with insulation and clamping rings, moimted on a 
common support so arranged that air can pass between 
the adjacent ends of the two commutators where th^ 
s^monts are connected together. This construction 
(Fig. 12) results in lower temperature rise and smaller 
®q>ansion strains and, consequently, a smooth®* 
running surface than is usually obtained with an 
equivalent single-unit commutator. 

Transformers 
Power Tramformers 

Extensive theoretical and experimental study of 
transient voltage phenomena was continued during the 
year, and the development of means for protection 
against lightning surges advanced rapidly. One indica- 



PiQ. 10 —IO-Lb.-J't., 260-Vom, 126-Rsy. pbb Min., 25- 
Ctou, C 0 NVSTOR-R 01 . 1 .BK Invvction Motor (QB) 

tion of the progress made during the year is given by the 
successful outcome of fuU voltage flashover teste on a 
large transformer. 

A 13,000-kva., 230-kv., wye-grounded, hon-resonat- 
ing transformer built for commercial use (GE) was 
subjected to a series of artificial lightning voltage teste. 
The transformer was connected to a li ghtning generator 
by a short transmission line insulated with fourteen 10- 
in. umte, spaced 6^ in. in suspenaon, which is used 
quite generally for 230-kv. service. The insulator 
strings were repeatedly fiashed over without apparent 
damage to tiie teansform®*. The line insulation was 
then inm'eased until tiie transformer bushings w®*e 
fiMied over. The teansformer was subjected to re¬ 
peated waves both above and below the bushing 
^sh-over voltage, after which it vrithstood all 
^ I. E. E. standard teste. 

A study of transient voltage phenomena within auto- 

tea^onner windings resulted in the development of 
the non-resonating auto-transfomo* (GE), of which 

several have noyv been built for230-kv. s®vice. 

Through liie dev^opment of the grounding neutaal 
(GE), the. use of the non-resonating trans- 
foitoer yvas extendejj to indude banks with neutrals 
W>teted or groufidedit^ou^ retastance or reactance. ■ 

Investigation jhas atojro that a companativdy 


high resistance can be used in the neutral of a hanir of 
iwwer transformers and the bank will perform prac¬ 
tically the same as though it were solidly grounded. 
The same result can be obtained with reactance in the 
neutrd paralleled by a protective device, such as a 
light^g arrester. The internal voltages at points 
mthin the winding have been found to be practically 
identical for a bank with a solidly grounded neutral 
and for one with a reactance paralleled by a ligVitniW 
arrest®*. 



Pia. 11 —«(VKw., 3,600 R»v. pbb Min., Dibbot-Connbctbd, 
Turbinb-Obnubator Exoitbr (W) 

In order to extend the benefits of loed^rEtio control 
to small transformers, a lighter t 3 ^e of equipment has 
been devdop^ for 15-kv, service (GE). This consists 
of a multi-point switch which permits the load current 
to leave each tap point over two paths; i. e,, over two 
switch arms which connect to the brid^ng reactor. 
A typical application of this equipment is represented 
by a 3,388-kva., 69.7/115 Y-13.8-kv., one-phase trans¬ 
former, in which thirteen operating positions are 



Fia. 12—5,440-Kw., 340/270 -Volt, 16,000-AMPaBB, 26- 
Ctolb, Skunt-Wouni), Synchronous Contbrtbr with Tan- 
DBM OOMMUTATOR AND BrUSHBS (O'®) • 

provided by the installation of the control device in the 
low-voltage winding. In this type of construction all 
moving parte, that is, the ratio adjust®*^ and two contac¬ 
tors, are mounted outeido the ma ffl tepif 

Several 6,00()-kva., •13.2-kv., tinee^hase, fcnnace 
transform®^,, with.a new type <rf tap-duuq^g oqnip* 
m®it, have been bi^t (W) for^eEosd.Mdt^^ 0 i 9 g>imy« 
These t^’^^ltem^Bdi^ver a liQi^eaaU^i^FQltase cun!®it 
of 12j800^.amp^^at 226 volte^;,v^ amaximum Gurr®it 
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of 19,200 amperes at 150 volts. A special motor-oper¬ 
ated tap changer provides six different delta low 
voltages and a change from delta to star on the high- 
voltage winding gives six additional delta low voltages. 
Two individual tap changers are operated by one motor 
and all the voltages and connections are obtained by 
the operation of a single control switch at the switch¬ 
board. 



Fig. 13—4,200 Kva., 11,000,-915-46 Volts, 25-CycLE, Aie- 
Blast, Locomotive Teanspoemeb (GE) (W)— Pennsylvania 

R. R. 

A 4,200-kva., 11,000-915-46-volt, air-blast trans¬ 
former of special construction was built (coordinated 
design of GE and W) for installation in a locomotive 
where space is at a premium. (Fig. 13.) ^ It was, 
accordingly, designed for minimum dimensions and 
weights, the floor space occupied being 6 ft. 8 in. by 



yjg_. 14 _Otjtsidb-Edgb-Welded Teanspoembr Radiator (W) 

7 ft. 3 in. and the total weight being approximately 
26,000 lb. A 2,800-kva. transformer of the same type 
has also been developed. These transformers are suc¬ 
tion air-cooled and, of exceptional mechanical strength, 
being braced and insulated for the severe operating 
conditions incident to locomotive service. 


Power-Transformer Auxiliaries 

While the method of cooling transformers by means 
of “banked” radiators was not used to any great extent 
following its development several years ago, it was ex¬ 
tensively applied during the past year. About 200,000 
kva. in transformers of this construction are in service 
and more than 600,000 kva. are now under construc¬ 
tion (GE). 

A new type of transformer radiator has been de¬ 
veloped to replace the tubular t3rpe on all Westinghouse 
large self-cooled power transformers. (Fig. 14.) All 
of its joints are formed with edge welds on the outside 
of the radiator, and there are no crevices or flat sur¬ 
faces where water can accumulate. The open construc¬ 
tion facilitates cleaning and painting. 

A 20,000-kva., 66-22-kv., load-ratio-control trans¬ 
former, equipped with unusual pothead disconnecting 
switches has been built (W) for the State Line Generat- 



Fig. 15—IOO-Kva., 2,080-115/230-Volt, 60-CyCle, Dis¬ 
tribution Transeoembr Equipped with Detachable Bush¬ 
ing (AC) —Commonwealth Edison Co. 

ing Company. These high-voltage switches disconnect 
the transformer from the line and connect test bushings 
to the 66-kv. cable lines, which can then be tested with 
330 kv., direct current. The pothead equipment also 
included oil reservoirs used to maintain pressure on the 
oil-filled cables to which the transformer is connected. 

A new no-load ratio adjuster has been developed (BB) 
which is operated through the side of the tank wall 
instead of the cover, making it more convenient to 
operate and permitting the tap position to be safely 
checked without deenergizing the transformer. A novel 
form of connection is used between the internal and 
external parts which permits engagement or discon¬ 
nection of the two parts, when the transformer core is 
tanked or untanked, without the necessity of crawling 
inside to remove pins, bolts, etc. 

Distribution Transformers 

A new single-bushing, single-phase transformer has 
been designed (GE) for 110-kv. rural service. It is 
arranged for connection from line to neutral ^ 
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kv. circuit, which is insulated for 132-kv. service. 
In order to secure a low ovo’-all hdght, the intOTor 
was so constructed as to give the equivalent of an in> 
verted winding. The bushing was then connected to the 
bottom of the coil stack, thereby Meeting a low height 
in spite of the large size of the bushing and the amount 
of insulation required for operation on a 132-kv. insu¬ 
lated line. 

A detachable bushing has been devdoped (AC) for 
distribution transformers, particularly for installation 
whm'e lightning conditions are abnormally severe, which 
can be replaced without removing the case from the 
pole. (Fig. 15.) 

Kbctmebs 

The installation of rectifiers has continued to increase 
at a rapid rate, particularly when measured in terms of 
the aggr^te kw. capacity. 



No. 

Kw. 

Put into operation during 1980. 

.38. 

... 75.225 

Put into operation during 1929. 

.SO. 

.. 48,126 

Increase.. 

.10%... 

.... 58% ^ 

Put into operation during 1930. 

.38. 

. 75,225 

Being erected during 1930. 

.26*.... 

... 71,400* 

On order at end of 1980. 

.29. 

... 79.276 

Total for 1930. 

.88*- 

.. . 226.000* 

In service at end of 1929. 

.90. 

... 102,300 

Grand total. 

.178*- 

.. .828.200* 


*In addition one spare 600-kw. reettfler tank (without transformer) 
iras supplied 


The mercury-arc rectifiers put into operation and 
bring erected during 1930 and on order at the end of 
the year are shown in Table III. 

The placing in op^tion of fourteen units with an 
aggregate rating of 40,000 kw. of 3,000-volt rectifiers 


table UI—MSBOUBY-ASO BBOTIVIBB units put into OPBBATION DUBINO 1930 OB ON OBDBB DBOBMBBB 31. 1980 


Purchaser 


No-of 


Amerioan Qas & Meotrio, New York. 2 - 

Boston Blevated Bailiray. 2 . 


Ohll Exploration Oo. 

Clinton, Bavenport & Muscatine Bailway. 


Commonwealth Edison Oo. 4 - 

Oommonweidth Edison Oo... 8 . 

Commonwealth Edison Oo. 3 . 

Oonsolidated Mining 8c Smelting Oo. of 

Canada. 2 . 

Consolidated Mining 8c Smelting Oo. of 

Canada. 1 . 

D^ware, Ijaokawanna 8c Western B. B. Oo.. 12 .. 
Beware. Lackawanna 8c Western B. B. Oo. . 2 . 

Detroit, Oity of. l.. 

Edmonton, City of. 1 ., 


I. C. Farbenindustrie for Standard Oil Oo. 


Italian Stat Bailways. 2 .... 

Lang Island Bailway Oo. 5 ,... 

Los Angeles Bailway Oorp. 2 _ 

Montreal Tramways Oo.2,... 

Montreal Tramways Oo .... 2 .... 

New Yo^ Board of Transportation. 10 ..., 


Norttiem Indiana Public Service Oo. 1 .1,500. 

Paris Orleans Bailway. Prance. 1,_i,500. 

Philadelphia. City of... 2. 680. 

Publle Service Oo. of No. Ili. Chicago. 1 . aoo. 

PubUc Service Oo. of No. DL, Chicago. 1. 600. 

Quebec Power Oo.... i. 550. 

Begina» City of ... 1 .,... 575. 

Saskatoon. Oity of.. 1 . 575 . 

Trenton Transit Oo.. 8 . 600 . 


D-c. 

volts 

Kw. 
per set 

Total 

kw. Control 

Service 

Putin 

service 

Manufacturer 

. 610. 

.. 500.. 

. 1,000. Automatic. 

... Ball way. 

. On order... 

.. .Brown-Boveri 

. 600. 

. .3,000.. 

. 6,000. Automatic remote Bailway. 

.Being erected.General Electric 



control 




. 650. 

. . 1 , 000 . 

.. 1,000. Aotomatio. 

... Heavy mine haulage. 1930. 

... General Electric 

. 700. 

.. 500., 

. 500*Automatic. 

.. .Bailway. 

,. Being erected, Brown-Boveri 

.1,500. 

..1,500. , 

. 3, 000 .Manual. 

.. .Ballway. 

.1080. 

, , JSrown-Boveri 

. 626. 

.. 8 , 000 . . 

.12,(K)0. Manual. 

.. .Bailway. 

.loan_ 


. 626. 

..3.000. . 

. O.OOO.Mannal. 

.. .Bailway. 

.Being erected. Brown-Bo veil 

. 626. 

..3,125. . 

. 9,875.Manual. 

.. .Bailway. 

.Being erected. General Electric 

. 660. 

..6,500.. 

.13,000. Manual. 

.. .Electrolytic. 

.On order... 

.. .Brown-Boveri 

. 660. 

..6,500.. 

. 6,500.Manual. 

.. .Electrolytic. 

.On order... 

.. General Electric 

.3,000.. 

. 8 , 000 .. 

. 86 ,OOO.Manual. 

.. .B. B. electrirn.. .. 

.1930. 

.. General Electric 

. 8 , 000 .. 

.. 2 , 000 .. 

. 4,000.Automatic remote B. B. electrlTn. 

.1080. 

. • General Electric 



control 




. 600.. 

. 2 . 000 .. 

. 2 , 000 .Automatic. 

.. .BaUway. 

. On order.,, 


. 575.. 

.1,825.. 

. l,325.Manual. 

.. .BaUway.. 

.1030_ 

. .Brown-Boveri 

. 600.. 

. 500.. 

. 500.Manual. 

.. .luterurban-raUway. 

.1980. 

.. General Electric 

>00/9.600.2,200.. 

. 2 , 200 .Manual. 

,. .Electro-chemioaL. *. 

. Being erected. Brown-Boveri 

. 600.. 

. 1 , 000 .. 

. LOOO.Mannal. 

,. .BaUway. 

.1980. 

.. Brown-Boveri 

.2.900.. 

.2,000.. 

. 4,000.Automatic. 

.. .B. B. cAectrifn..... 

.1930. 

. .General Electric 

. 650.. 

. 8 , 000 .. 

. 15,000 .Automatio. 

.. .BaUway. 

. Being erected. Brown-Boveri 

. 600.. 

.1,500.. 

. 8,000.Automatie remote Bailway.. 

.On order... 

. .General Electric 



control 




. 600.. 

.1,500.. 

. 8»000. Automatio remote Bailway. 

.Being erected. General Electric 



control 




. 600.. 

.1,500.. 

. 8,000. Automatic remote Ballway. 

.1980. 

.. General Electric 



control 




625.. 

. 8 , 000 .. 

;80,000. Automatio remote Subway. 

.Being erected.Gen ralElectrlc 



control 




625.. 

. 8 , 000 .. 

.89,000.Automatic remote Subway.. 

.On order.... 

. .General Electric 


.3.000. 
.1»500. 
.2,500. 
.1,900. 
.1,900. 
. 1 , 200 . 
. 1 , 200 . 
. 600. 
.1,400. 


8,000 

1,500. 

5,000. 

1.900. 

1.900. 
1,200 
1,200 

600 

4.200 


.Antomatie. 

. Automatio. 
Manual.... 

Manual_ 

Automatio.. 
.Automatic.. 


Automatic. < 
Manual.... 


.BaUway...Being erected.Brown-Boveri 

> -B. B. electrlTn.On order.. *. .QenerM Electric 

. Subway.1980.Brown-Boveri 

.Battway.1930.Br wn-Boveri 

.Ballway.1980.Brown-Boveri 

.Bailway.Being erected.Brown-Boveri 

.BaUway.On order.Brown-Boveri 

.Bailway.1930...Brown-Boveri 

. Baflway.On order.Brown-Boveri 


Totals: 

Put in sendee. ...88 ... 75,225 

Being instaUed.26’>...*._ 71,400^ 

On order.29... 79,275 


Grand total for year. 88 *. 


.225,900* 


*1x1 addition one spare 5p0-kw. rectifier tank (without transformer) was supplied. 
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on the Ddaware, Lackawanna & Western Railroad 
Mectaiflcatioii (Fig. 16) was the outstanding event of 
this year. This is the first installation of 3,000-volt 
rectifiers in the United States and the first use anywhere 



Fro. 16—^3,000-Kw., 3,000 -Volt, Mbbcubt-Arc RnororiBBs 
(GE) — ^RosbvuiLI) Substation, Bblawabi), Lackawanna & 
Wbstxbn R. B. Elbotbibication 

of SO great a capadty of such units. It is also the first 
instance of a major railroad dectrification rel]nng 
entirely on rectifiers for the supply of power. These 
rectifiers are equipped mth excited grids and with auto¬ 
matic compounding. 

Another outstanding feature is the very large number 
of imits ranging in voltage from 660 to 660 volts with a 
current rating in excess of 3,000 amperes, notable 
among which are 23 sets (GE) with an aggregate ca¬ 
pacity of 69,000 kw. on order by the New York Board 
of Transportation. (The first seven units of this order 
were reported last year under tiie heading “City 
Subways of New York.”) 


live units (BB), having a normal rating of 4,660 
amperes at 650 volts, with overload ratings up to 15^000 
amperes for tweniy seconds, are being erected for the 
Long Island Railroad (Fig. 17). These rectifiers have 
tighteen anodes and normally operate from a 26-<ycle 
source of supply but are arranged for immediate throw- 
over to a 60-cyde source of supply in the event of failure. 
The transformers are also suitable for operation at 
other 11 or 33 kv. 

A 2,200-kw., high-voltage electric furnace set is also 
being erected (BB). The d-c. voltage may be varied 
from 3,600 to 9,600 volts by means of load-ratio control 
on the rectifier transformer. This is the highest voltage 



Pio. 17—3,000-Kw., 660-VoLrs, Mbboubt-Abc Rbctivibb 
(6B)—^Long Island R. R. 

for commercial rectifiers which has been reported in 
this countiy. Smaller units of higher voltage have, 
however, been used for large radio broadcasting stations 
in Europe. 





Electrochemistry and Electrometallurgy 

ANIVUAL REPORT OF COMMITTEE ON ELECTROCHEMISTRY AND 

ELECTROMETALLURGY*^ 


T his report covers the period 1929 and 1930, 
inasmuch as no report was made in 1929. 

It is believed worthwhile tO' indicate the mag¬ 
nitude of the electrochemical and eltetrometallurgical 
industries in terms of installed capacity and yearly 
power consumption. The figures for the United States 
are as follows: 


ApprtHdmate installed operating capacity, kw. 7,000,000 

AivKntmate percentage of National total generating 

capacity. ,8 

Approzlniate annual power consumption, kar-yean. 4,900,000 

ApproximM^ipereentage of total. 88 

Number oftroritera. 1,000,000 

Value of pri^uct. $12,000,000,000 


Quantities and percentages such as these would seem 
to warrant the liveliest into^ on the part of man 
having electrical engineering training, particularly the 
younger men,-who find themselves fac^ with limited 
opportuniti^ for advancement in those more standard¬ 
ized fields oif the ^l^cal art involving the design and 
m^ufacture of apparatus for the production and dis¬ 
tribution of electrical energy. The development of new 
materi^ or processes based upon the utilization of this 
power m a field requiring talent of high orda* and one 
^riiich it see^ should be very attractive to men of 
dectrical training who can and will superpose on an 
electric^ background a knowledge of the fundamentals 
of physical chemistry. 


Nitrogen Fixation, Pasteurization and Sterilization> 
Secondary Batteries, Water Purification, Welding. 

When the process problems of these industries are 
analyzed it will be found that they should be attacked 
by men who have been trained to deal with intangibles, 
and that most of the phenomena may be resolved into 
elements among which an electrical engineer who has 
been soimdly trained in the basic science of hisartshould 
feel at home. Pursuit of these problems will probably 
lead him far from consideration of the newest thing in 
circle diagrams or the latest refinement in slot design 
but he will have broader scope for his imagination and 
the mental technique bred by electrical training. 

The foregoing conunents have been made because 
there are many who feel that the electrical industry 
is more in need of increased outlet for power than of 
further small gains in the effidenigr of electrical ap¬ 
paratus per sc, and that the great body of expectant 
young dectrical engineers must look for adequate 
opportunities for advancement more to the fields of 
utilization and electrical processes than to the con¬ 
ventional ones of apparatus and generation. 

Below is given an outline of the more important 
developments in electrochmnical and electrometal¬ 
lurgical art that have become known during the past 
two years. 

Copper 


Below is given a list of the more important industries 
whose basic processes are dependent upon the utiliza¬ 
tion of electricity for other than mechanical purposes: 

Production of Metals by Wet Electrolysis. Copper, 
Nidcel, Sodimn, Zinc. 


Although copper refining is probably tbe largest o 
the electrochemical industries in poitit'^nf tonnage, n< 


Alumi¬ 
num, Banum, Beryllium, Calcium, hfognesdum. 

Non-MetaMc Electrolytic Prodyets. Caustic, Chlo¬ 
rine, Hydrogen, Oxygen. 

Electrothermie Products. Abratives, Carbides, Car- 
boi 4 Perro-AlloyB, Graphite, Refractories. 
i^i^^dlamous. Cleaning and Surface Treatment of 
Dry CeDs, Electric Steel Melting, Electrolytic 
Organic Compounds, Electropteting, Electro- 
Prec ipitation, Inductive Melting and Heating, 

BtSCTROCBBMIsm AMD BtBOraOMSTAUUKOY: 

• 

.3. B.;W]iite]iead, 


IE. A./mOiford, 
O. p. Woodward. 


been reported althou^ operating economies have been 
improved by advances in mechanical eQuipment and 
materials handling facilities. 

Sodium 

Metallic sodium is now being produced on such a 
large ^e and so cheaply by electrolytic methods that 
it 18 the cheapest pure metal in terms of cost per unit 
volume. Its electrical conductivity is hi|^ ftPAngh go 
Imt its c^ on a conductivity basis Is lower than that 
of my othOT metal. These facts have 1^ to a proposal 
th^ el^to<^ conductors be formed of metaUie sodium 
Soysrt^*” * thin-waDed tube of sotna apn-magnetic 

Met^c so^um is finding merea^ji^ implication in 
connection with certain synthetic 
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whose nature is not disclosed and certain electrochemi¬ 
cal interests are said to be preparing to manufacture 
. sodium on an unprecedented scale. 

Zinc 

The success of electrolytic zinc refining plants was 
noted in the 1928 report of this committee. This 
development has since been subject to sev^ compe¬ 
tition because of improvements in thermochemical 
methods. Electrothermal methods have also received 
the attention bf investigators and it is probable that 
another year will see marked changes in zinc technology 
due directly to the application of electricity in one way 
or another. 

Aluminum 

The Hoopes process of producing very pure aluminum 
has become of increasing commercial importance, par¬ 
ticularly for containers for various articles in the drug 
and pharmaceutical field. Although the electrical con¬ 
ductivity is appreciably hi^erthan that of ordinary com¬ 
mercial aluminum it has not been commercially applied 
as electrical conductor material. Accurate alloy investi¬ 
gations have been made posrible by this very pure ma¬ 
terial and the knowledge thus gained h^ assisted 
materially in the development of the strong aluminum 
allo3r8. 

The usual Hall process rarely produces aluminum 
purer than 99.7 per cent, while the Hoopes process is 
regularly producing metal better than 99.98 per cent 
pure and some metal has been produced by this process 
having a purity of 99.99 per cent. The process is 
carried out in a three-layer cell, wherm the metal to 
be purified exists as a molten anode alloy and rests on 
the bottom of the cell. The electrolyte consists of a 
mixture of cryolite, aluminum fiuoride and barium 
fluoride. The purged aluminum is electrolytically 
deporited in a layer of pure molten aluminum floating 
on top of the electrolyte. Graphite electrodes are 
employed to lead the currait out of the aluminum layer. 
The cell operates at a voltage varying from 5 to 7 volts 
and normally a current of 20,000 amperes is employed. 

By anodic treatment in wet electrolytic cells alumi¬ 
num may be given a tough, adherent and corrosion 
resistant surface of oxide which serves as a base for color 
and which is also finding use for protection of aluminum 
allby aircraft structure from severe cbrrorion attack 
such as that of salt spray and sea-Water. This develop- 
: ment is still going forward rapidly and is expected to 
become ..of much greater importance in aluminum 
tedmology. 

Electro-plating with aluminum on copper and other 
base metals has been accomplished by the u% of a fused 
electrolyte of low melting point comprising the chlo¬ 
rides of aluminum and sodium. Tough, adherent, and 
non-porous deposits of pure aluminum are produced 
and many commercial uses will no doubt be found as the 
te<mhi<ine is improved. 


Barium 

Barium is one of the alkaline-earth elements and is 
characterized by great reactivity and interesting thermi¬ 
onic properties. It is produced by the electrolysis of 
fused barium salts and has been receiving considerable 
attention because certain of its alloys have useful 
thermionic properties. It has foimd commercial 
application in a nickel-base alloy for spark plug elec¬ 
trodes and has been of interest as an essential constitu¬ 
ent of alloys intended for use as cathodes in thermionic 
devices. Such barium alloys are, in general, electric 
furnace products. 

Beryllium 

■ During the past few years the metal bayllium has 
received a great deal of atimition, which has been pri¬ 
marily due to the results of systematic research both in 
this country and abroad. Beryllium may be produced 
by an electrolytic process which conrists of the electroly¬ 
sis of mixed beryllium oxyfluoride and barium fluoride. 
The only commercial ore of beryllium is a silicate of 
beryllium and aluminum. The beryllium oxide content 
of avmlable ores lies between 6 and 12 per cent. The 
production of b^Uium has been carried out both in 
this countiy and abroad. 

The future of beryllium does not appear to lie in its 
use as a basic material, but rather as a minor constituent 
in more or less complex alloys. 

About the only use thus far developed for the pure 
metol is as windows in X-ray tubes, inasmuch as beryl¬ 
lium is extremely transparent to X-rays. Experimental 
use in pistons and piston rings has been reported. 
Continued researdi will doubtlessly develop new uses 
for this interesting metal, inasmuch as it possesses a 
combination of high elastic modulus, low expansivity 
and lightness which is very attractive to many who are 
interested in mechanical developments. Its dectiical 
resistivity is approximately 6.7 microhms per cu. an. at 
roomtonperature. 

Magnesium 

This metal is produced by the dectrol 5 rsis of molten 
magnesium chloride and more recently by means of 
processes in which magnesium oxide is di^lved in a 
bath of fused fluorides and decomposed by electrolysis 
to give the metal. The production of magn^um in the 
United States has increased from approximately 50,000 
lb. in 1921 to more thsm 1,000,000 lb. in 1930. During 
1930 majnerium forgings have appeared on the Ameri¬ 
can market and witiv continued research it is expected 
that increased quantities of strong magnerium alloys 
in the form of castings and fors^gs will be rather ex- 
tenavdy employed partictilarly in aircraft. With 
improved production tecfanique purer metal is bang 
produced and the susceptibility to corrosion lessened 
inconsequence. 

The outstanding difficulty in the way of increasan" 
the use of magnerium has been the *develoi^ent of 
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suitoble alloys and fabricating processes and great 
strides are bring made in this direction. 

Electrotechnology of Gases 

The treatment of gaseous mixtures by electrical 
discharges in ord^ to ^ect chemical reactions that 
would not ordinarily occur has recrived a great deal of 
attention. The work of Fisch^ and Peters in Gr^many 
is particularly interesting in that they find it posable 
to produce acetylene from methane with an energy 
consumption that compares favorably with that re¬ 
quired by the conventional calrium carbide process. 
The craridng of heavy hydrocarbon vapors by corona 
discharge also shows some possibilities. A great deal of 
research is going on in coimection with the chlorination 
of hydrocarbons such as methane, pentane, etc., and 
this promises a conrid^ble expansion in the use of 
chloru^ which is an electrol 3 rtic product. Research 
investigations of the chemical effects of bombardment 
by high-speed electrons should also be mentioned. 

Abrasives—Carborundum 

Tungsten carbide cutting tools have found increasiog 
application and this has necesritated tiie development 
of improved abrasive wheels for shaping them. As a 
consequence special grades of carborundum are being 
made, apparently of unusual purity, from which grind¬ 
ing wheris specially adapted to the* shaping of carbide 
tools are made. Giuborundum base reristors for high 
tmperature electric heating furnaces have been con- 
riderably improved, and several manufacturers have 
designed about this type of reristor commerrial furnaces 
for operating traaperatures between 1,000 d^. and 
1,400 d^. cent. 

Aluminum rilicate r^actories of very high melting 
point are bring fused in electric furnaces and cast into 
blocks and shapes for various purposes, particularly 
for parts for glass-melting furnaces. The melting and 
casting of such highly refractory substances is a new and 
interesting departure in industrial ceramic technology. 

Cleaning of Metals 

A wet dectrolsdac process for the removal of scale 
from metals, which is said to be competitive with pick¬ 
ling and free ftnm many of its objections has been put 
on a conunerdal baris. Hydrogen embrittlement is 
prevented by the automatic deposition of a tiiin film of 
lead on any area of clean metal as soon as it is exposed 
by s(^e removal. This lead film may be allowed to 
remam as a protection against corrorionorranovedby 
anodic oxidation by rev^nal of the riectrolyring current. 

Eleeirodiemical Standards 

- The interest in our electrochemical standards for the 
international ampere and the international volt has 
l^n continued and during the coming summer coopera¬ 
tive measurements oh these standards will be carried 
out at the Fhysikalisch-Technische Rrichsanstalt. 
For this purpose Dr. G. W. l^nal. Chief, Section of 


Electrochemistry, U. S. Bureau of Standards and a 
memb^ of this Committee is being sent to Germany. 
He will also make measurements at the Laboratoire 
Central d’Electricite in Paris, and the National Physical 
Laboratory in England. 

Primary and Secondary Batteries 

During the past year the American standard for dry 
crils has been revised and a new standard approved by 
the American Standards Association. This standard 
has been published by the Association and also by the 
Bureau of Standards as Circular No. 390. The technical 
requirements of the Government q>ecifications ate 
identical with those of the American standard, but the 
Government specification is being revised to accord 
with the form prescribed by the Federal Specifications 
Board for all Government specifications. 

The Fed^al specifications for automotive storage 
batteries have been approved and published during the 
year. These are designated as W-B-131 and are con¬ 
tained in section 4, part 5 of the Federal Standard Stock 
Catalog. 

The past twelve months have witnessed a consider¬ 
able decline in the demand for primary battery products 
in general due to the business depression and the reduc¬ 
tion in the number of batimy operated radio sets in 
actire use. This has naturally affected most the 
pi^uction of B batteries, though the production of 
6-in. dry cells, many of which were also used for radio, 
has been seriously affected as well. The demand for 
flashlifibt batteries seems actually to be on the inCTease 
due perhaps to the appearance on the market of a 
rather wide variety and a conriderable number of 
inexpenrive flashlight cases which have apparently 
been widely bought. 

The general decrease in demand for battery products 
1^ r^ulted in a tendency to reduce prices and on the 
part of at least the larger manufacture to str^igthen 
quality* Many of the smaller manufacture have 
been forced out of the busine as a nature consequence. 

The year has brought the development of the indus¬ 
trial flashli^t battery intended for use by public service 
corporations, nulroads, theate, and manufacturing 
organizations whe the demand on the battery is con- 
sidebly heavier than in ordinary flashlight use. At a 
recent conference at the Bureau of Standards two tests 
were standardized as representative of the industrial 
types of service and this has greatly facilitated and in- 
telligentiy guided the development of satisfactory cells 
for this specific application. 

Special radio B batteries of superior performance 
have been developed in response to demand created by 
radio-equipped automobiles for police squad use as well 
as for privately owned machines. 

In the 6-in. dry cell group there has been a further 
advance in the life of the better telephone cells. Cer¬ 
tain makes have reached the remarkably high figure of 
360 days on the standard light inteimttent test which 
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compares with a maximum of about 180 days ten years 
ago. 

An interesting new development which has occmred 
in the primary battery field during the i>ast year is the 
introduction by one manufacturer of an air depolarized 
portable caustic soda battery designed primarily for use 
as an A battery for specially desdgned radio receivers 
using the new two-volt tubes and operated entirely by 
batteries. It is hoped that radio receive of this type 
will develop wide application in rural districts wh«e 
power is not <available for op^ting electric radio sets 
and where storage batteries cannot be conveniently 
charged. This so-called air cell radio A battery is said 
to be good for a year's average service with one of these 
receivers. The basis of its operation is the absorption 
by a porous carbon electrode of the oxygen from the 
air wWch is carried to the surface of the electrolyte 
where it acts as a depolarizer for the cell. While the 
principle employed is not a new one, its application to a 
portable practical battery is believed to be new. 

During the year, the revised American Standard for 
Dry Cells has been published, both by the American 
Standards Association .of 29 West 39th Street, New 
York City, and by the Bureau of Standards in its 
Circular No. 390. 

In the field of storage batteries the recent publication 
of the Federal Specification for Automotive Batteries, 
designated as W-B-131, may be mentioned. 

A new storage battery, the Drumm alkaline cell, 
which involves the use of an electrol 3 de of potasdum 
hydroxide with electrodes of nickel and other sub¬ 
stances not disclosed, is said to provide reduced weight, 
increased efficiency, and the possibility of recharging in a 
30 minute p«iod. The e. m. f. is 1.6 volts. Successful 
trials in heavy trucking service are reported from 
England. 

Electric MeUing Furnaces 

The demand for better metallurgical performance 
of arc furnaces is bringing about refinements in control 
gear among which are the use of tap-changing trans¬ 
formers to enable more precise voltage control and a 
tendency toward the adoption of hydraulic drive for 
electrodes, in which pilot valves responsive to furnace 
current, voltage or l^a. operate to control fluid flow 
to the electrode driving cylinders. More prompt re¬ 
sponse, improved sensitivity and absence of hunting 
are said to be provided by hydraulic operation. 

Induction furnaces of the submerged ring type are 
finding somewhat wider application owing to improve¬ 
ments in r^^tories and in a few places abroad have 
been used on high-nickel allo 3 ^ and for superheating cast 
iron for high-strength castings. 

Coreless induction furnaces operating at high fre¬ 
quency have found commercial application in sizes up to 
two tqns, with ppwer ffitings up to 600 kw. High- 
frequency generating units of 1,250 kw. are being built 
to supply 3^ ton furnaces. A common frequency is 


980 cycles, but the trend is downward, particularly for 
large units. Commercial frequencies have been success¬ 
fully applied and one manufacturer has successfully 
operated experimental four-ton units at 60 cycles, the 
entire kva. requirement being supplied by a motor- 
generator set. Conriderable attention has been given 
to the technique of refining in these induction furnaces 
and some success has been attained. 

Oxygen-free copper from large inductively heated 
furnaces is a commercial possibility of the near future. 
Such a material would avoid some of the weaknesses 
of present commercial copper and in particular its 
tendency to embrittlement when subject to hot reducing 
gases. Unusually high ductility may make it interesting 
for some mechanical uses. 

Control of furnace atmosphere, vacuum melting, 
and the distillation of metals are all receiving attention 
at the hand of investigators. 

WaUr Purification 

Electrolytic purification of water has been receiving 
contiderable attention following the announcement, 
in Germany, of a process and apparatus in which water 
is passed through a succestion of diaphram t 3 ^e elec¬ 
trolytic cells which cause concentration of ionogens in 
the electrode compartments. It is susceptible of large- 
scale operation but so far has been used mainly to com¬ 
plete the purification of distilled water. 

SterUizaMm of Milk 

The electropure process of milk conditioning effects 
pasteurization by passing the raw miljj: rapidly between 
carbon electrodes where it is heated by the pass£^ of 
60-cyde current. This scheme enables refinements in 
the control of the time and temperature variables that 
have hitherto been impracticable and the quality and 
uniformity of the product are thereby enhanced. 

Electrostatic Precipitation 

The results of test of improved hot-cathode vacuum 
rectifiers indicate that it will be postible to improve the 
operation and decrease the physical dimensions of the 
electrical end of precipitation plant. Increased use of 
powdered coal fii^g Im caused the ash which is carried 
up the stack to be troublesome and electrostatic precipi¬ 
tator equipment is finding application in this connec¬ 
tion. The same fundamental ideas are being applied to 
tiie separation of suspended solids from liquids. The 
purification of insulating oils is a case in point and it is 
stated tiiat by electrostatic deaning higher breakdown 
values can be obtained than by methods now in general 
use. 

Metal Powders 

Finely divided metals find numerous uses in chemical 
technology and as pigment in the decorative arts. 
Mectrolytic means have been developed for producing 
copper, tin, nickel, silver, and lead in crystalline f<mn 
intizesasfineasSCiOmedi. * 



674 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 


Miscellaneous Process and Plant 
Mercury-Are Redifiers 

There are under construction for a Canadian Plant 
mercury-arc rectifiers rated at 6,600 kw. each (10,000 
amperes, 650 volts) to be used for the eleetrol 3 die 
production of hydrogen. 

Rotary Coimrters 

Another electro-chemical plant has installed syn¬ 
chronous converters with load ratio control type trans¬ 
formers to furnish direct current for an electrolytic 
process. These machines are rated at 5,440 kw. each 
(16,000 amperes, 840/870 volts). These machines are 
also of interest because of their use of volute housings 
as part of the ventilation system. 

EleeirodeposiHon of Tungsten 

The electrodeposition of tungsten in the wet way from 
alkaline baths has been accomplished on a laboratory 
scale. Tungsten possesses such marked resistance to 
acid attack and to wear that this development may 
prove to be of considerable industrial importance. 

Heat Treating Furnaces 

A marked interest was shown by the steel industry 
in the iise of electric furnaces for heat treatment 
service. One plant installed two 1,100-kw. resistor 
type furnaces 50 tons capacity each, one 1,000-kw. 
similar fuma<%, and other furnaces, making a total of 
4,500 kw. 

The use of artificial atmospheres in electric furnaces 
for heat treatment processes is making considerable 
progress. One steel plant has installed 2,000 kw. in 
furnace capacity for bright annealing of steel strip. 


Electrically heated and controlled apparatus for con¬ 
trolling the composition of the gases used are coming 
into evidence. 

The special requirements of the nitiiding process 
which involves heating to approximately 650 deg. cent, 
articles of fecial alloy steel (containing small amounte 
of Cr, Al, Mo, and Ni) in an atmosphere of ammonia 
has led to the development of furnaces with special 
provisions for circulating the ammonia. Heat transfer 
is effected by forced convection instead of by radiation. 
It appears possible that the application of this principle 
will find extended application in special-purpose fur¬ 
naces in which control of atmosphere is important. 

In both the heat-treating and melting fields the re¬ 
finements of metaUurgical technique and the growing 
recognition of the value of high quality and uniformity 
of product have brought about such profound changes 
in the design and operation of furnaces that they are 
conoing to resemble machine tools rather than the piles 
of brick that the word usually calls to mind. 

CONCLXraiONS 

It is believed that this report reflects the more im¬ 
portant trends in electrical process technology an<l 
hoped that it may draw the attention of electrically 
trained men to the very interesting possibilities in the 
field of the development of processes and materials 
dependent upon the forces tW only electricity can 
bring into play. 

The Chairman wishes to acknowledge the assistance 
given by members of the Committee and by numerous 
individuals in the preparation of this report which is 
respectfully submitted on behalf of the Committee on 
Electrochemistry and Electrometallurgy. 



Electrophysics 

ANNUAL REPORT OF THE COMMIITEE ON ELECTROPHYSICS* 


T he annual report of the Committee on Electro- 
physics has generally taken the form of an account 
of the progress in the field of electrophysics during 
the preceding year. In view of the steady increase of 
the activity in this field the matter to be covered has 
increased greatly, and the report for the year 1929-1930 
was a lengthy one in spite of all efforts to keep its dze 
down to a minimum. 

At a meeting of the committee held January 30,1931 
its field of activity and in particular its annual report 
were discussed at considerable length. It was the 
sense of the committee that it was one of the most 
important of its functions to bring to the attention 
of electrical engineers the progress being made in 
electrophysies. It was felt very strongly, however, 
that this cannot be done in the best possible fashion 
by reporting the progress for a year at one rime and 
publishing it as a unit. Accordingly, the committee 
decided that it could be of much greater service to the 
engineering profession if its reviews of the progress in 
electrophysics were published from time to time by 
subjects instead of annually as a unit. As a result the 
plan was adopted’ of publidiing reviews of the progress 
of electrophysics by subjects in Electrical ENGlNBEiRr 
INC. Each contribution will aim to cover the progress 
in its particular field from the date of the preceding 
report as nearly up to the date of publication as is 
possible. A tentative schedule of the proposed sub¬ 
jects is as follows: 

Magnetism and Magnetic Materials. 

Propagation of Electric Waves. 

Electric Discharges in Gases. 

Dielectrics. 

Thmnionics and Photoelectricity. 

Vacuum Gas Discharge and Photoelectric Tubes. 
Electric Conduction in Solids. 

Electromagnetic Iheory. 

In addition the Committee plans to sponsor from 
time to time for publication in Electrical Engineer¬ 
ing papers by recognized authorities on various subjects 
in electrophyrics of interest to electrical engineers. 
One such paper is published herewith. After all the 
reviews for any one year have been published, they 
may be collected and published together in the Trans¬ 
actions if it shoidd be considered desirable. 

*COUMlfTBB ON BLBCTROPHTSICSs 
Oliver B. Buckley, Ohairmnn. 

V. Bush, W. Bouwenhoveo, Leigh Page, 

W, 0. Oady, 0. M. J. Mackay, W, 8, Bowman, 

W. F. Davidson, K. B. M'cBachron, J. Sleplan, 

O. L. Fortescu8, L. W. McKeehan, "W*. F. 0. Swann. 

W, 8. 0 rton. H. Nyqutet, 


Magnetism and Magnetic Materials 

The following review of progress in magnetism and 
magnetic materials covers the period since the last 
report of the Electrophysics Committee. The progress 
in other phases of electrophysics will be covCTed simi¬ 
larly in succeeding reviews. The Committee also may 
offer from time to time papers on subjects in electro- 
phyrics of interest to electrical en^neers. 

Magnetism 

Our understanding of ferromagnetism has advanced 
during the pmod since our last report (Jl. A. I. E. E. 
49, 721,1930) in several important respects. Heisen¬ 
berg’s interaction theory, which refers the stability of 
magnetization to the low potential energy of codirected 
electron spins in neighboring atoms, has been applied 
by Powell (Proc. Phys. Soc. 42, 390, 1930) to explain 
the change in dimensions which take place when iron 
and nickd lose their ferromagnetism on heating. 
This change, a decrease in the case of iron, an increase 
in the case of nickel, is isotropic, being thus wholly 
unlike the principal part of magnetostriction which 
differs greatly in different crystallographic directions. 
It is conclud^ from the fact that both signs of change 
occur that some account must be taken, at least in the 
case of iron and probably in all cases, of atoms more 
remote than the immediate nei^bors. Beck^ and 
Kirsten (Zeitscik. /. Physik 64, 660,1930) who identify 
the stabilizing forces with internal elastic strains, have 
succeeded in getting rather good agreemwit between 
the permeability of hi^y stressed nickel as measured 
and as calculate from limiting magnetostriction and 
the elastic moduli. Rankin (J. Roy. Tech. CoU. 
Glasgow 2,386,1931) has continued his experiments on 
magnetostriction in overstrained metals. Akulov has 
continued his discussions of the relations between 
magnetostriction, magneto-resistance and elasticity 
concluding in his latest papers (Zeitsch. f. Physik 67, 
794,1931; Phys. ZeUs. 32,107,1931) that the magnetic 
behavior of rin^e crystab is fully explained by a dual 
process of reversals and rotations of the magnetic 
elements and that the magnetic properties of poly- 
crystalline metal wUhoitt large scale anisotropy can be 
calculated from data obtainSd for monooystals. 
McKeehan {Rev. Mod. Phys. 2,477,1930; 3,190,1931) 
has reviewed the content and rebtions between the 
eurr^t theories of ferromagnetism and some of the 
experimental evidence pertin^ut thereto. 

Several papers, in addition to that of Powell, already 
refeored to, deal with the experimental and theoretical 
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aspects of the Curie point. Tylo: (Phil. Mag. [7] 11, 
596, 1931) shows that the decrease of apparent satura¬ 
tion values with rise of temp^ture is practically- 
according to the same law for iron, cobalt, and nickel, 
and that this is consistent with the idea that in all 
three metals single spinning electrons are free to change 
their axial direction, although in all these cases the 
avCTage number of such magnetizable electrons per 
atom is greater than one. According to these data, 
therefore the ferromagnetic xinit is sub-atomic rather 
than atomic. Above the Curie point it appears 
(Stoner, Phil. Mag. [7] 10, 27, 1980) that atoms begin 
to act as units. Forrer and Hoffmann (Comptes Rendus 

191.1046.1930) present new evidence for a doubling of 
the (ferromagnetic) Curie point in nickel, the coercive 
force first decreasing, then increasing, and finally 
decreasing again as the temp^ature rises. An apparent 
disagreement between two experimenters, Weiss and 
Bat^, in r^ard to the temperature at which the 
specific heat anomaly becomes greatest as the Curie 
point is approached has been dissolved by new evi¬ 
dence. Bates (Proc. Phys. Soc. 42, 44l, 1930; 43, 
87, 1931) now also finds this temperature to be 
where — dP/d T is maximum; his earlier experiments 
were -vitiated by an irreversible change in the proper¬ 
ties of his material (manganese arsenide) produced 
by the small rise in temperature (magneto-caloric 
^ect) associated with applying the magnetizing field* 
Inddmitally, the specific heat anomaly is here far 
too large to be ascribed to an elementary magnet 
like that in iron or nickel. 

“nie anomalous temperature coeflScient of electrical 
resistance for fmTcuua^etics near their Curie points 
is closely associated with their magnetizability. Ger- 
lach (Zeitseh. f. Physik S9, 847,1980; Ann. der Physik 
[6] 6, 772, 1930) and Borelius (Ann. der Physik [6] 8, 
261, 1931) present opposing opinions r^iarding the 
anomaly. The former in agreement with earlim* work 
of Cabr^ r^^irds the high-temperature state (above 
the Curie point) as normal and the low-tanperature 
state as possessing an abnormally low resistance, the 
latter supports the contrary view that it is the low- 
temperature or completely magnetized state which has 
normal resistance. The transition as the Curie Point 
is approached from below is the same whichever -view 
istakmi. 

The dosely rela-ted subject of heat production during 
mgnetization and demagnetization has been 
m a preliminary way by Gilbdl; (Cmptes Rendus 191, 

1309.1930) who finds no cooling in cobalt steel at H 
up to 18,000 except that attributable to the magneto- 

effect of The more complete report of 

Ellwood’s re^ts (Phys. Rev. [2] 36, 1066, 1930) con¬ 
firms Ins earlier finding of a<5ooling in carbon steel at 
low valuOs of H on the asoendifrg branch of a loop, and 
aimounces a second at moderate 

valu« of H. It sai<duaai*«;'^to(t>tteMj.the magneto- 
fa^^c ^ect would h?i^ute heating 

m this part of the loop. 


An effort has been made by Bitter (Phys. Rev. [2| 
37, 91, 1931) to coordinate ferromagnetic behavior 
with the small scale impafection of metallic crystals 
recently predicted by Zwicky (Helvetica Physiea Acta 
3, 269, 466, 1980; 4, 49,1931). Frenkel and Dorfman 
(Nature 126,274,1930) deal with the same problem on 
purely thamodynamic principles, deciding that a large 
crystal cannot act as a magnetic unit. 

Expaiments on the Barlchausen effect in a rotating 
magnetic field (Cisman, Ann. der Physik [5] 6, 82.5, 
1930), make it more plausible than ever to suppose that 
the occurrence of a discontinuity in magnetizjvtion 
requires a definite degree of divergence between the 
applied field and the local magnetization. There is, 
in fact, a decided parallelism between Cisman's Bark- 
hausen effects and hysteresis in rotating fields, mo.st 
recently studied by Seiyama (Mem. Kyushu Univ. Coll. 
Engg. 5, 227, 1930). Heaps and Bryan (Phys. Rev. 
[2] 36, 326, 1930) have shown that large changes in 
magnetization and in magnetostriction are simul¬ 
taneous. Bozorth has just discovered (Nature 127, 
XXX, 1981) that in a vay slowly changing magnetic field 
the Barkhausen discontinuities which can be detected 
by a high-speed oscillograph occur in closely grouped 
sets with quiet intervals between them. These com- 
poimd events, in proximate analysis, can easily be mis- 
ti^en for single events. This apparently explains the 
wide disagreement between published statmenta as 
to the volume of metal affected in a single discontinuity. 
The time required for the spreading of a major mag¬ 
netic disturbance has been studied by Sixtus and Tonks 
(Phys. Rev. [2] 36,1441,1930). 

The g3nx>magnetic effect, hitherto only observed in 
ferromagnetic materials—^most recently by Barnett 
(Phys. Rev. [2] 36, 789,1930)—has now been measured 
for a paramagnetic material by Sucksmith (Pros. Roy. 
Soc. [A] 128,276,1930; Proc. Phys. Soe. 42, 386,1930). 
The phenomenon is merely easier to observe in ferro¬ 
magnetics on account of their easier magnetization. 

In studies on diamagnetic and weakly paramagnetic 
metals the theory has been improved by Landau 
(Zeitsch'.f. Physik 64, 629, 1930) and Teller (ZeUseh.J. 
Phy^ 67,311,1931) so that better predictions are now 
possible as -to the diamagnetism to be expected from 
conduc-tion electrons. On the experimental side rela¬ 
tively enormotte changes in susceptibility—much larger 
than the changes in conducti-vity make probable— 
h^e been reported by Honda and Shimizu (Nature 126, 
990,1927) and by Bitter (Phys. Rev. [2] 36, 978,1930), 
both of whom measured the susceptibility of copper 
M affected by cold work and annealing. Banta (Phys. 
Rev. [2] 37, 634, 1931) has attempted without success 
to duphcate Bitter’s findings. 

Spectroscopic evidence that some atomic nuclei 
teve a small magnetic moment continues to accumulate 
^emu, Z^h. f. Physik 60, 820,1930; Goudsmit and 
Young, pev. [2] 35, 1418, d930; .Frisch and 

Ferehmm, Naiurwiss, 18, 866, 1930). The effect upon 
gross magnetic properties of such nuclear magnetic 
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moments as have yet been shown to exist must be very 
small. 

Effects of magnetic fields on electrical resistance and 
electric potential with or without the presence of ther¬ 
mal currents and temperature differences have been 
reviewed on the basis of the new electron theory of 
metals by Sommerfeld and Prank (Rev. Mod. Phys. 3, 
1, 1931). The proper mode of description of these gal- 
vanoelectric, thermoelectric, galvanomagnetic and ther- 
momagnetic effects have been discussed by Perrier 
(Hdvetiea Physica Acta 3, 317, 400, 1930). The con¬ 
ditions are especially complicated in the case of ferro¬ 
magnetics. Pugh (Phys. Rev. [2] 36, 1603, 1930) has 
shown for iron that the magnetization, I, or the ferro¬ 
magnetic induction, B-H, is more important than 
either H or P in fixing the magnitude of the Hall e. m. f. 
Stierstadt (ZeUsch. f. Physik 6S, 576, 1930; 67, 726, 
1931) has studied magneto-resistance in electrolytic 
iron for both longitudinal and transverse magnetiza¬ 
tions. Williams and Sanderson (Phys. Rev. [2] 37, 
309, 1931) pi^nt new data on magneto-resistance in 
nickel strips of different mechanical history. 

The magneto-resistance of bismuth dngle crystals 
at extremely low temperatures, below 20 deg. K, 
has been studied in detail by Schubnikow and de Haas 
(Nature 126, 600, 1930; Proe. Amsterdam Acad. 33, 
363, 418, 1930), who find a whole series of unexpected 
phenomena. Unlike the magneto-resistance at highpr 
temperatures the relative change in reristance is no 
longer a smoothly varying function of the applied field, 
H, nor of the azimuth in any crystallographic plane 
yet exmnined. At higher t^peratures, however, 
theory has caught up with csperiment, for Frank 
(ZeUseh. /. Physik 64, 660, 1930) has shown that the 
straighteningoutof ^R/R vs. H curves at high H values, 
first observed by Kapitza, is completely accounted for 
by the quantum theory of electronic conduction. 
The parabolic increase of AR/R, fonnerly supposed 
to be called for by the theory, is only possible for 
relatively limited ranges in H. 

One of the most puzzling experimental results re¬ 
cently published is that of Allison and Murphy (Am. 
Chem, Soe. Jl., 52, 3796, 1930), who report that the 
magnetic double refraction (Faraday Effect) in cer¬ 
tain solutions is characteristic, not only of the elements 
present but even of the number of isotope of each, and 
furnishes a highly sensitive means for chemical analysis. 

In the domain of magnetometry Sanford has been 
investigating magnetic pmseameters, particularly those 
for use at high inductions (Bu. Std. J. Res. 4, 177, 
703, 1930; 6, 356, 1931). A new level of precMon in 
magnetic curve tracing has been attained by Haworth 
(Bdl System Tech. Jl. 10, 20> 1931; Rev. Scient. Instr. 
[N. S.] 2, 125, 1931) who compensates the torque of a 
fluxmeter suspention by a photoelectric current de¬ 
pending upon the momentary deflection. BrUche 
(Zeitseh. /. Physik 12, 94, 1931) has considerably 
refined the methods for exploring magnetic fields by 
narrow beams of cathode rays. Freed and Easper 


(Phys. Rev. [2] 36, 1002, 1930) have improved the 
accuracy of Gouy’s method for measuring the suscep¬ 
tibility of weakly magnetic solutions. 

A stimulating book by S. R. Williams* gives a read¬ 
able account of the experimental side of the subject of 
magnetism, with especial emphasis on ferromagnetism. 

An important announcement regarding magnetic 
units as adopted by the International Electrotechnical 
Co m mission was made by Dr. Eennelly at the Winter 
Convention in New York. The electrophysics com- 
naittee is by no means unanimously in accord with the 
suggestions of the international body. Some of our 
members feel that the already existing confusion in 
regard to the physical significance of B and H is in¬ 
creased rather than diminished by giving physical 
dimensions to their ratio. It is interesting to notice 
that a body of German engineers went even farther 
than the I. E. C. in the effort to rationalize empirical 
relations (Elektrotech. u. Maschinenbau 48, 950, 1930). 

Magnetic Materials 

The results of many investigations carried out in 
the past three or four years confirm the view that 
crystal grain size is one of the important factors in 
magnetic materials. Yensen (Metals and AUoys, 1, 
493-496; 1930) has proposed an expression for the 
hysteresis loss in iron in terms of the crystal grain size 
and impurities in the metal, leading to the conclusion 
that for perfect single crystals, free from impurities and 
internal strain, the hysteresis loss vanishes. Gerlach 
has more recently arrived at a sdmilar conclusion. 
(Zeitsdi. f. Physik, 64, 602-506; 1930). On the other 
hand Von Auw^ and Sizoo (ZetfecA. /. Physik, 60, 
576-680; 1980) conclude that crystal gnun size has 
much less influxes on remanence than on hysteresis loss 
and coercive force. 

What promises to be of great importance is the 
announcement by Cioffi (Nature, 126, 200-201; 1930) 
that ordinary polycrystalline iron may be made to 
acquire very high permeability by heat treating at 
high temperature in hydrogen. The reported initial 
and maximum permeabilities are 6,000 and 130,000, 
respectively, ahd the coercive force and h]rsteresis loss 
are respectively 0.06 gauss and 300 ergs/cu. cm./cycle, 
for B„ s 14,000. Later unpublished values give 
180,000 for the maximum permeabilil^, 0.025 gauss for 
the coerdve force and 190 ergs/cu. cm./cycle for tbe 
hysteresis loss for the same maximum induction. 
These properties are ascribed partly to purification of . 
the iron and partly to the hydrogen actually absorbed 
in the metal. Fu^er corrdation appears to be nec^ , 
sary betwe^ crystal grain size and magnetic propertie?^ 
in view of these results, tince the .grain size of this 
material appears to be of little importance. * 

The existence of the A* point in carefully purified 
iron occurring reverably lietween 907 d^. cent, and 

1. -'Magnetio Phenomena/* MoGraw^HUl, 1931. •, 
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910 deg. cent, has been confirmed by Roberts and 
Davey (Metals and Alloys 1, 648-654; 1930), by X-ray 
crystallographic determinations. This fact has recently 
been a matter of some dispute (Yensen, A. I. M. & M. E., 
InsL Metals Div., 320-332; disc. 332-349; 1929). 

The increasing importance of nitrided steels has led 
to further investigations of the iron-nitrogen system. 
Qualitative and quantitative measurements by Lehrer 
(Zeitschr. f. Electrochem., 36, 460-473; 1930) by means 
of magnetization-temperature curves have been used 
to construct the equilibrium diagram for the iron- 
nitrogen system. The results show that up to 11 
per cent nitrogen there are four phases, in agreement 
with the X-ray determinations of Hagg [Zeitsch. f. 
Physilc. Chem~ 8, 455-474; 1930) and Eisenhut and 
Kaupp (Zeitschr. /. Electrochem. 36, 392-404; 1930). 
Kb-ter (Archiv. f. Eisenhiittenwesen 3, 637-648; 1930) 
has shown that nitrogen in a-iron remains in super¬ 
saturated solution even after slow cooling, requiring pro¬ 
longed heating at low temperatures for complete 
separation, with a resultant increase in conductivity 
and increase in coercive force from 4 to 7 gauss. The 
segregation of nitrogen in the supersaturated solution 
is further accelerated by cold working (Archiv f. Eisen- 
huttenwesen, 3, 649-658; 1930). 

A number of alloys of iron and non-magnetic ele¬ 
ments has been investigated. Pure electrolytic iron 
having a trace of phosphorus has been found to have 
better magnetic properties than commercial silicon 
steel. (Gayler, Metallwirtschaft, 9, 677-679; 1930.) 
The iron-silicon system has been studied by Haughton 
and Becker, (Iron and Steel Inst. Jl., 121, 316-335; 
1930) using metals of higher purity than heretofore. 
The existence of phases corresponding to the compounds 
FeSi, and Fe 3 Si 2 have been confirmed, and in addition 
a phase which is probably the compound Fe 2 Si 6 . The 
addition of 14.6 per cent silicon lowers the Curie point 
of iron to 490 deg. cent. A magnetic transformation 
point occurring at 82 deg. cent, in the Fe 3 Si 2 phase 
confirms the earlier work of Murakami (Tohoku Imp. 
Univ. Sci. Rep., 10, 79-92, 1921). Oya (Tohoku Imp. 
Univ. Sci. Rep. 19, 235-246; 1930) has found that 
additions of vanadium to iron first raise the Curie point 
then depress it, so that it is room temperature for 35 
per cent vanadium. The alloys of iron and chromium 
with approximately 18 per cent chromium have been 
found to have zero magnetostriction (Dean, Rensselaer 
Polytech. Inst. Bull. No. 26, Eng. and Sci. Series; 1930). 
Fischer (Rensselaer Polytech. Inst. Bull. No. 28, Eng. 
& Sci. Series; 1930) has found that this range of alloys 
has higher permeability and is less sensitive to quench¬ 
ing strains than other alloys of this group. This 
behavior has already been observed in permalloy 
(Buckley and McKeehan, 26, 261-273; 1925) and is in 
accordance with McKeehan’s theory of magnetostric¬ 
tion (Phys. Rev. 28, 168-166; 1926). Kussmann, 
Schamow, and Messkin (Stahl u. Eisen, 50,1194-1197; 
1930) have foynd that additions of copper up to 
0.7 per cent increase the resistance of iron to corrosion 


without impairing its magnetic and electrical proper¬ 
ties. A general deterioration of these properties is 
obtained for higher copper concentrations. 

The relation of magnetic properties to mechanical 
hardness has been investigated by Messkin (Stahl u. 
Eisen, 50, 105-106; 1930) who has found that cold roll¬ 
ing increases the remanence and coercive force of 
carbon steel; and by Herbert (Proc. Roy. Soc., 130, 
514-523; 1930) who has observed age hardening of 
steel and non-magnetic metals subjected to a changing 
magnetic field. 

Sachse and Hasse have found that (Zeitsch. /. Physik 
Chem., [A] 148, 401-412; 1930) regular crystals of 
ferromagnetic ferric oxide, Fe 203 , are unstable at all 
temperatures, the susceptibility falling by 60 per cent 
in 4 years at room temperature. The fact that ferric 
oxide has 10-“ the conductivity of the ferromagnetic 
metals, leads Sachse (Zeitsch. J. Phys. Chem., [B] 9, 
83-91; 1930) to conclude that free electrons cannot be 
concerned in its magnetic properties. The ferrites of 
magnesium, l6ad, copper, and nickel are also ferro¬ 
magnetic at ordinary temperatures, cadmium ferrite 
being sometimes ferromagnetic and sometimes para¬ 
magnetic (Holgersson and Serres, Comptes Rendus, 191, 
35-37; 1930). In mixtures of FeaOs, NiO, and CoO, 
Veil (Comptes Rendus, 190, 181-183; 1930) has found a 
higher coefficient of magnetization for the composition 
represented by (Fe 203)2 NiOCoO. 

A somewhat higher Curie point has been obtained 
for nickel by Jordan and Swanger (Bur. Std. Jl. of Res. 
5, 1291-1307; 1930) which is believed to be due to the 
greater purity of their nickel specimen. Sadron has 
found that (Comptes Rendus, 190, 1339-1340; 1930) 
small additions of chromium to nickel, causes the 
saturation value at absolute zero to diminish linearly 
with chromium content, the Curie point for an alloy 
with 12 per cent Cr being absolute zero. 

Widespread interest in the nickel-iron aUoys coming 
under the collective name of permalloy is indicated by 
its numerous modifications to meet specific needs. 
Elmen has obtained very high initial peraieability and 
resistivity in nickel-iron alloys by additions of molyb¬ 
denum, chromium or tungsten (U. S. Pat. 1,757,178; 
ji Frank. Inst. 207, 583-618; 1929). Stablein (U. S. 
Pat. 1,760,326) has obtained high resistivity by addi¬ 
tions of silicon. Bandur (U. S. Pat. 1,743,089) and 
Yensen (Elec. Jl. 27, 214-218; 1930) report that with 
suitable heat treatment some nickel-iron alloys may be 
made to acquire sensibly constant permeability over 
a limited range of induction. Similarly, Smith and 
Garnett (U. S. Pat. 1,746,600) have obtained substan¬ 
tially constant permeability in nickel-iron alloys by 
additions of copper. Also, Gumlich, Steinhaus, Kuss¬ 
mann and Scharnow (E. N. T., 7, 231-235; 1930) report 
that high resistivity and small variation of permeability 
with magnetizing force are ^obtained in nickel-iron 
alloys by small additions of manganeae. 

Von Auwers, (Wiss. Veroffentlich Siemens-Konzern 9, 
262-293; 1930) has studied the effect of strain on the 
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magnetic properties of permalloy. The results of 
numerous experiments indicate that the properties of 
permalloy cannot be accounted for on the basis of 
strain alone. 

Methods of design and testing of permanent magnets 
have kept abreast with the improvements in magnetic 
properties. Elenbaas {Physica, 10, 273-286; 1930) has 
derived a formula for calculating the field intensity in a 
toroid with an air-gap, based on the assumption that the 
demagnetization curve is an ellipse; this should prove 
useful in the 'design of permanent magnets. It is well 
known that the magnetization of a ferromagnetic 
material by a steady field is considerably increased 
by the superposition of an alternating field. Schrankow 
and Janowsky (Zeitsch. f. tech. Physik 11, 429-432, 
1930) apply this method of bringing permanent magnets 
to high inductions. An accurate method of testing bent 
permanent magnets has been described by Webb and 
Ford (I. E. E. Jl, 68, 773-778; 1930) whereby both B 
and H are measured by means of search coils and a 
ballistic galvanometer. The superior properties of 
cobalt-steel as permanent magnets have found applica¬ 
tion in the magnetic compass for aircraft, disturbances 
from stray magnetic fields being avoided by shielding 
with hipernik, a nickel-iron alloy of high permeability 
(J. R. Gier, Elec. Jl, 27,114-115; 1930). 

The need for accurate and constant substandards of 


frequency has stimulated further work on vacuum tube 
oscillators controlled by the resonant magnetostrictive 
vibrations of magnetic materials. This method of 
control requires the use of materials which have good 
magnetostrictive properties and small temperature 
coefficients of permeability and expansion. Vincent 
(Proc. Phys. Soc. 43, 157-165; 1931) has extended the 
range of the magnetostriction oscillator of Pierce, 
{Proc. Am. Acad. Sci., 63, 1-47; 1928) to radio fre¬ 
quencies by using corronil, a nickel-eopper-manganese 
alloy, and glowray, a nickel-iron-chromium alloy 
{Proc. Phys. Soc. 41, 476-486; 1929); the latter, par¬ 
ticularly, has a high degree of stability. Smith {Proc. 
Phys. Soc. 42,181-189; 1930) has determined the nature 
and magnitude of the coupling between the mechanical 
vibrator and the electric circuit for a toroidal specimen 
of a nickel-iron alloy vibrating radially in its funda¬ 
mental mode. Muzzey {Phys. Rev. 36, 935-947; 1930) 
has used the magnetostriction oscillator as a means of 
exciting cylinders of stainless steel in studying the 
dependency of frequency of vibration on length and 
diameter of the cylinders. 
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ANNUAL REPORT OF COMMITTEE ON GENERAL POWER APPLICATIONS* 


T he principal activity of the Committee during 
the past year has been in arranging and carrying 
out of plans for the Industrial Session held at the 
Winter Convention. As this Committee is interested 
in the application of elecfericity to all industries which 
are not specifically covered by other committees of 
the Institute, it was agreed that papers to be of interest 
to the greatest nxunber of engineers should be of a 
general nature and not confined to a specific industry or 
application. The papers presented were consequently 
arranged and prepared with this thought in mind. 
During this period of industrial depression an increasing 
amount of attention is being given to the subject of 
reducing manufacturing costs and it was hoped that 
industrial engineers would find in these papers various 
ideas which could be applied to their own problems. 

Industrial Papers Presented 

Besides those papers presented at the Winter Con¬ 
vention several other papers of an industrial nature 
were presented at disMct meetings. Following is a 
list of those papm which have come to our attention: 

PhUaddphia Meeting Oct. IS to 15,19S0: 

Air Conditioning in Industry, by A. H. Clogston of 
the Cooling and Air Conditioning Corp. 

A New System of Speed Control — A-C. Motor-Driven 
Power Station AvxUmies, by A. M. Rossman of Sargent 
and Lundy, Inc. 

LouisviUe Meeting, Nov, 19 to Z%, 19S0: 

Electricity in the Cement Industry, by R. H. Rogers 
of the General Electric Company. 

Electric Power in die Lumber Industry, by A. H. 
Onstad of Weyerhaeuser Timb^ Co. 

Winter Convention, January to SO, 19S1: 

Electron Tubes in Industry, by W. R. King of General 
Electric Co. 

Automatic Regulators in Industry, by. J. H. Ashbaugh, 
Westing^ouse Electric and Maniifacturing Co. 

Eketrieal DistrUnUion Systems for Industrial Plants, 
by W. J. McClain, of Louis T. Elaudw Co. 

*COMMITTBB OH OBHBUI. POVBR APPUCATtOHS: 

O. W. I>r»k«, Ohalrman. 

B. A. Annstrong, PnwrMb«r. D.M. P«tW, 

Jaaifg Olark, Jr., A. M. MacCat<a»eoii. F. O. Prior, 

J. P. Owkffl, H. A. Maxfidd. H. W. Bogers, 

Otr4e D. Gray, jr<dmMorM. Ii.D. BoweD, 

John OtoWngw, N. t. MarteoMn, M. B. Woodarard. 

A, M. Party, 


The Synchronous Motor widi Phase-Connected Damper 
Winding as a Drive for High-Torque Loads, by M. A. 
Hyde, Jr., Westinghouse Electric and Manufacturing 
Co. 

The Design and Application of Synchronous Motors to 
Meet Special Requirements, by D. W. McLenegan and 
A. G. Ferriss of General Electric Co. 

Pittsburgh Meeting, March 11 to IS, 19S1: 

Conversion and DistrilnUion of General Purpose D-C, 
Power in Large Industrial Plants, by R. D. Abbiss, 
Carnegie Steel Co. and D. C. West, Westinghouse 
Electric and Manufacturing Co. 



Fio. 1—Combination PtncpiNa Unit fob Oil Wblls 
iNOLXJDiNa Motob, Qbars, and Control 

Symporium on LUerconnection Between Utilities and 
Industries, Several papers. 

The Use of Electricity in Large Annealing Furnaces, 
by J. C. Woodson, Westinghouse Electric and Manu¬ 
facturing Co. 

A Modern Electrified Dairy Plant, by A. J. Dreux, 
Reick-McJunkin Dairy Co. and H. 0. Brunner, 
Westin^ouse Electric and Manufacturing Co. 

Review of Industrial Progress 

Since the past year has notriieen one of great indus¬ 
trial development or activity, it is fdt that"this report 
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should include not only a review of the major industrial 
developments but also should indicate the trend of 
development along botb application and apparatus 
lines in industry. 

Petroleum Industry 

During the past year pipe-line transportation of 
liquid fuel ov«* long distances has been extended to 



Fig. 2—^Pobtablb Dddsel ENaiNB-DRivBN Set foe VariabIiB 
Voltage Oil Well D billing Outfits (Shop View) 


include gasoline. Electric pumping stations supplied 
with central station service, are increasing in number 
and proving their economy. The latest development is 
an electric station with three 800-hp. pumping units 
which is completely controlled from a di^a-tching 
office about 15 miles away. This is the Sand Springs 
Station of the Texas Empire Pipe Line that connects 
Oklahoma oil fidds*with the Chicago r^eries. The 



Fia. 3—SiLSTN Gsnxratob and Cons Pui.lbts fob 
Sectional Paper Machine Dbiyb 

supervisory control permits the dispatcher to exercise 
complete control over tiie station and gives a visual 
iTi d i<^aH on of its oi>eration. The dispatcher can tell 
at a glance what units ^ operating, what the intake 
and discharge pressures are and as much other perti¬ 
nent information as could be obtained if the operator 
were in the station. In case of trouble the equipment 


is shut down automatically and the dispatche* advised 
of the nature of the trouble. 

Development in electrical oil field pumping and. 
drilling equipment has been towards the use of com¬ 
bination, or factory assembled apparatus which elimi¬ 
nates many parts and reduces the installation expense 
in the field. One of the latest pumping units consists 
of a combination of gear, motor, and control built in 
one unit. The equipment is weatherproof and requires 
no housing. The unit is also provided with change 
gears for obtaining several speeds as required for 
various pumping conditions. 



Pio. 4 —^Totally Enclosed Pan-Coolbd Motob with Pan 
AND Fan Casino Removed 

During the past year several variable voltage d-c. 
oil well rotary drilling outfits have been built and put 
in service, uring Diesel en^nes as prime movers. 
These ouMts are being used primarily on locations 
where central station power is not available. The 
ease and amplicity of control obtaiinahle with the 
variable voltage d-c. system, its low energy require¬ 
ment and flexible operating characteristics, make this 
system very desirable fw tins type of <ril service. 



Fig. 5—Induction Motob Rotob Sbowino Cabtbidob Type 
Ball-Bbabino Housinos 


Two installations are also reported where stand^ 
a-c. drilling equipments were installed and supplied 
with power from Diesd engine-driven generators, and, 
although this system may lack some of the derirable 
features of the variable voltage system, it makes it 
pc^sible to use standard a-c. motors for pumping and 
other uses. 

Pulp and Paper Industry 

paper machine drives were installed during 
the year on a wide variety of machines from low-speed 
cylinder to hi^-speed fourdrinier and the use of section 
regulators of the carbon pile type insihad of the contact 
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making type was quite noticeable. A description of 
some of these carbon pile regulators is given in Mr. 
Ashbaugh’s paper, presented at the Winter Convention. 

A regulator for sectional drives using Selsyn equip¬ 
ment so that the main regulating equipment may be 
mounted remote from the paper machine has been 
placed in operation during the year. At the paper 
machine, in connection with each sectional motor, is a 
Selsyn generator driven through suitable cone pulleys 
which provide necessary speed adjustment or “draw” 
between the various sections. The resistance elements 
of the regulator are of the carbon pile type. 

Rural Electrification 

The use of electricity on the farm has increased 
rapidly during the past year and reports from central 
stations indicate that approximately 90,000 farms were 



Pig. 6—Motok with Built-In Pour-Speed Transmission 
Showing Speed Changing Lever 

connected to their lines during the year. This repre¬ 
sents an increase of 16 per cent over the total number 
previously connected. This growth is accounted for 
partly by the interest of the power companies in the 
farm load and partly by improved rate structures and 
power schedules. But of fully as great importance how¬ 
ever is the increasing list of electrical equipment which 
is available and specially adapted for farm service. 
The attention being given to the production of milk 
with a low bacteria count has done much to force the 
installation of dairy sterilizing and dairy refrigerating 
equipment and these devices in connection vrith other 
dairy and household equipment make a very desirable 
electrical load. 

Engineering research and investigation have proven 
the possibility of using 5-hp. electric motors for practi¬ 
cally all stationary work such as silo filling, feed grind¬ 
ing, wood sawing, etc., instead of using 16- or 20-hp. 
tractors. Numetous improvements have recently been 


made in the design and construction of portable motor 
equipment for such service which includes automatic 
linestarterg with thermal overload protection, effec¬ 
tive methods of belt tightening, and other desirable 
features. 

Food Products Industry 

Although this industry has received but little atten¬ 
tion from electrical engineers, it is the fourth greatest 
user of electric motors on the basis of connected horse- 



PiG. 7 —Geared Centrifugal Refrigeration Compressor 
Driven by Totally-Enclosed Induction Motor 



Pig. 8—300-Hp. 164-Rev. per Min. Synchronous Motor 
OF THE Phase-Connected Damper Type as Installed in a 
Cement Plant 

power. In addition to motors, electric energy is used 
for various other purposes as the production of ultra¬ 
violet rays to help preserve or increase the vitamin 
content of foods; photoelectric tubes for actuating 
operations of wrapping, sorting, and counting; cooking 
of foods by various electrical processes, and the pasteuri¬ 
zation of milk. 

A paper on the subject of A Modern Electrified 
Dairy Plant was presented at the Pittsburgh District 
Meeting of the Institute March 11-18, 1931, by Mr. 
A. J. Dreux and Mr. H. C. Brunnpr. This paper 




GENERAL POWER APPLICATIONS 


583 


illustrates how a modern electrified dairy offers a very 
desirable type of load for central stations, particularly 
when using the electrical conductivity method of 
pasteurization. 

Induction and D-C. Motors 

During the past year several new lines of induction 
motors have been placed on the market and the trend 
is toward simplification and standardization of design. 
The greater use of standardized parts reduces the 
stocks which’must be carried both by the user and 
manufacturer, increases the number of combinations or 
types of motors possible with a given number of parts 
and in general makes the apparatus more universally 
adaptable. 

Several new lines of totally enclosed fan-cooled 
squirrel-cage induction motors have been announced 
and in practically all cases these motors are on the 



Fig. 9—Special Stncheonovs Motoe with Exteenal 
Revolving Field, Direct Connected to Gyeatoby Crhshbr 

same frame size as corresponding ratings of open motors. 
In these fan-cooled motors ball or roller bearings are 
used almost without exception and the cartridge type 
of bearing housing is quite generally adopted. This 
construction permits the dismantling of the motor and 
the removal of the rotor without exposing the bearings. 

A number of manufacturers has also brought out 
lines of totally enclosed fan-cooled motors for use in 
locations where explosive gases are present. These 
motors are approved by the Underwriters Laboratory 
for use in gasoline refining, garages, gasoline handling, 
and filling stations, dry cleaning establishments, 
chemical plants, paint factories, and in similar locations. 

To meet the requirements of testing large vertical 
pumps and turbine wheels a vertical dynamometer 
rated at 300 hp. has been developed. The stator is 
supported in such a manner that it is free to rotate and 
the torque developed is measured on a beam and dial 
scale. The direct-current armature is especially con¬ 


structed and makes use of a shrink-ring type commuta¬ 
tor for high-speed operation. 

Fractional horsepower motors of the universal com¬ 
mutator type have a wide speed range from no load to 
full load and consequently are not generally applicable 
for the constant speed service. A novel type of clutch 
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Fig. 10—250-Hp., 450-Rev. pee Min. Totally-Enclosed 
Fan-Cooled, Synchronoos Motor 

has been developed which when installed in these frac¬ 
tional horsepower motors maintains a practically con¬ 
stant speed at the coupling regardless of how much 
higher the motor speed may go. This device conse¬ 
quently makes it possible to use universal motors for 
such applications as cash registers, calculating ma¬ 
chines, small motor-generator sets, etc. 



Fio. 11 —Electronic Tube Control eor Small D-C. 

Motors 

Although speed reducers or gear reducers are now 
extensively used there is a decided trend towards the 
combination of various types of these gear reducers with 
industrial motors in order to form a more coropact and 
self-contained unit. Some of these are of the fixed ratio 
type with either single, double, or triple reduction while 
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o^ers have a variable ratio* A recent addition con¬ 
sists of a standard constant speed motor in combination 
with a 4-speed gear forming a self-contained and very- 
compact unit. With this combination various gear 
ratios are available and it is possible to change from 
one speed to another under full load conditions* 

Another example of a combined unit is a centrifugal 
type compressor for refrigerating service in which the 
compressor, gears, and motor are combined in one unit. 



Pig. 12—Sample Chart Obtained with Smoke Recorder 


This is a high-speed single-stage compressor of approxi¬ 
mately 25 tons refrigeration capacity and by means of 
the unit t 3 ^e construction it is possible to eliminate the 
usual shaft seals. 

A paper presented by Mr. A. M. Rossman at the 
Philadelphia meeting A New System of Speed Control 
for A-O, Motors, gives a detailed account of a new 
method of speed control, its possibilities, and savings. 
The system consists essentially of a constant speed a-c. 



Tube Control of Theater Lighting and Dimming 

mbtor of either the synchronous or induction type, 
supplemented by an adjustable speed d-c. machine of 
much smaller size and a motor-generator set of 
capacity. The frame of the a-c. motor is mounted on 
bearings so that the frame as well as the rotor may 
rotate. 

Synchronous Motors 

At the Winter Convention two papers on the subject 
of synchronous motors were presented. The motor 


described by Mr. M. A. Hyde, Jr., was developed 
especially for low-speed applications requiring high 
starting and high pull-in torques with a low-current 
inrush. The damper construction instead of being of 
the usual squirrel-cage t37pe is phase woxmd and in 
starting an external resistance is inserted in this circuit 
and the motor accelerates in a manner quite similar to 
that of the ordinary wound rotor induction motor. 

The paper presented by Messrs. McLenegan and 
Perriss discusses the design features of- normal syn¬ 
chronous motors and shows how these*' features are 
varied to adapt synchronous motors to the requirements 
of v^oxw special applications. Among the various 
modifications discussed are the use of part-winding 
starting for applications where low-starting torques and 
low-starting inrush are desirable, also various methods 
of obt^ng high-starting torque such as by means of 
over-sized motors, over-voltage, delta-Y starting, 



Pig. 14 ^Electronic Tube Control of Poltchromatio 
Flood-Lighting System 


tapped windings, phase-connected damper windings 
for both salient and non-salient pole motors, and a 
rotable stator scheme. 

It is reported that the first application of a syn¬ 
chronous motor directly connected to a grain elevator 
leg was made during 1930. Ordinarily the starting 
torque required by these legs or bucket elevators is 
comparatively light but in case of emergency^ such as 
stai^g aft^ a power failure, with the buclmte loaded, 
a high-starting torque and a high pull-in torque are 
required. 

Although several high-torque synchronous motors 
have been applied to primary or large gyratory crushers 
most of these have been of the standard mechanical 
construction and usually belted to the crusher pulley. 
A umque application has been inade which utUizes a 
vertical motor of the umbrella iypeAn. which the re¬ 
volving field poles are external to the stator which in 
turn is bolted rigidly to the frame of the crusher. 
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Another interesting and rather unusual application 
of a synchronous motor is for driving a hot copper rolling 
mill which requires continuous reversing service. The 
motor is guaranteed to reverse in five seconds and a 
special t 3 T)e of damper winding construction is used to 
increase the radiating surface and dissipate heat caused 
by the frequent starting and stopping. 

For use in the Chilean Nitrate Industry a number of 
synchronous motors rated at 250 hp., 450 r. p. m., was 
built of the totally enclosed fan-cooled type. This 
construction is necessary to protect the motors against 
the saline solutions and vapors and the construction 
details are along very much the same lines as carried 
out on the smaller industrial motors. 

When protected t 3 TJe motors are required either on 
account of injurious vapors or dust, it is sometimes 
imdesirable or impossible to locate the control equip¬ 
ment in separate rooms and to take care of those cases 
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in which the control must be moimted in the same 
location as the motor, s 3 mchronous motor starters have 
been developed with the entire control immersed in a 
tank of oil. 

Electronic Tubbs 

During the past year the dectronic tube has become 
an 'accepted industrial device. Its original use was 
confined to the arts of communication and sdence and 
not imtil recently has any concerted effort been made 
to apply it to industrial purposes. Electronic tubes 
possess characteristics not available in older forms of 
electrical apparatus but oS& many possibilities for 
industrisd appUcations. These characteristics may be 
listed briefly as follows: speed of operation, small 
actuating i^ergy jequir&nent, amplification properties, 
accurate response, quietness of operation, and freedom 
from moving parts and contacts. In addition, the 


actuation of electronic tubes may be brought about by 
a large number of different physical effects including 
changes in resistance, inductance, capacitance, phase 
angle, frequency, temperature, sound, light, color, 
radio or carrier current. 

Th^ has developed a demand for electronic tube 
imits which can be adapted to many applications for 
expaimental purposes. Such units have been brought 
out by several manufacturers. The more common of 
these are the photoelectric miits and electrostatically 
controlled arc discharge units. The tubes used in the 
latter are better known by the trade names of grid glow 
orthyratron. 

In line with this increaring interest a paper entitled 
Electron Tubes in Industry, was presented by Mr. W. R. 
King at the Winter Convention. This i>aper m'^^es a 
general discussion of the theory and charactmstics of 
dectron tubes without going into derign details or 
calculations. Several of the more common control 
schemes involving tubes are explmned for the puri)ose 
of showing how tube characteristics can be adapted to 
various applications. 

To diminate the human dment in detennination of 
smoke density a device utilizing a light source and 
photoelectric tube in connection with a recording 
instrument has been developed and gives a continuous 
accurate record of smoke density. The light source is 
moimted on one dde of the stack and throws a beam of 
light through an aperture on the photodectiic tube 
mounted on the opposite ride. The amount of light 
reaching the photodectric tube is determined by the 
smoke density, and indicating or recording instruments 
may be installed at any convenient location. 

One of the most intaesting smd largest dectron 
tube applications is the control of lighting for stag^ 
and auditoriunos. Installations of this type involve the 
use of between 300 and 600 electron tubes. Three 
installations of this type are in the Civic Opera House 
in Chicago, the Severance Memorisd Hall in Clevdsmd, 
and a theatre in Los Angdes. The latest of these 
units, the one at Clevdand, has all of the control 
.circuits operated from an organ type console. With 
this control it is possible to pre-set scenes, gradually 
fade from scene to scoie with dther manual control or 
automatically at a pre-determined rate, and vary the 
intendty of any li^t circuit in the hall individually or 
in combination with any other circuit or circuits. In 
the old types of stage lighting control the intendty was 
varied by means of rheostats. This new method uses 
three-legged reactors located conveniently for load 
distribution and the d^ee of saturation and consequent 
change in light intaiaty is varied by rectified direct 
current from tub^ Another application for the same 
type of equipment as used for theatre dimming is the 
control of building flood lights. On a large number of 
new buildings the lig h tin g is so arranged that the shad¬ 
ing and colors vary in some regular cycle. 

Electron tubes are also bring used for speed control 
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of d-c. motors in a number of various applications. 
At the present time for smaller motors,' that is 8 hp. or 
below the control can be accomplished directly by 
control of annature voltajge and current supplied from 
tubes, while for larger motors the field curr^t only is 
controlled and supplied by tubes. One of the better 
known applications of this type is the maintaining of 
proper t^ision in the wire for a wire drawing Tina/»hiTio 
and reel. 

Photoelectric \mits have also been adapted to any 
number of production Hne applications where the 
objects are too light or fr^ile to operate ordinary 
control making or breaking devices by phytical con¬ 
tact. On any application where an object can be 
made to int^cept or otherwise vary a light beam tWs 
action can be used to actuate an operation. Some of 
the more common applications have been for counting, 
wrapping of packages such as foods, gum, etc., flag 
switches for reversing rolls as in steel mills, flashover 
protection of rotary converters, cutting of paper sheets 
to the proper length as required in connection with 
paper bag machines, paper break indicators in connec¬ 
tion mth paper mactoes, turning on and off lights in 
factories or offices to give proper illiunination without 
wasting of power, and determining the tran^arency 
of paper. 

Elevator Equipment 

thiring the past year numm)xis improvments and 
refinements in elevator dectrical equipment were marift 
in keeping with the tendency toward higher speeds, 


automatic landing control, and quieter opwation. The 
common trend toward combination units is also illus¬ 
trated in elevator apparatus by building of motor- 
gen^tor sets with exciter and control in one frame. 

One of the completely new and interesting develop¬ 
ments of the past year was the building of an elevator 
with two cars op«ating in one shaftway. Obviously 
the object of this arrangement is the saving of floor 
space in tall buildings where the ^ace occupied by 
elevator shaftways is both valuable and large, inaanuch 
as ^e shaftway area must be subtracted from each floor. 
This elevator embodies all of the latest features in 
elevator design including automatic floor landing, 
door opening, and futuristically decorated cars. The 
cars use the floor bottom system of control and in 
adifition a set of signals are displayed in each car 
indicating the rdative. positicm of both, cars in the 
shaftway. The cars are prevented from approaching 
each other closer than two floors by an automatic block 
system of control which brings the ear to a normal stop 
when this limiting distance is reached. 

Conclusion 

The Committee feels that there is a large field op«i 
for the electrical engineer in industry and that the 
Institute can be of material assistance to its membas 
by bringing before them the important developments 
and trends in the various industries. In the prepara¬ 
tion of this repqjrt we desire to acknowledge the assis¬ 
tance given by the various members of the cwnmittee 
and also by the Electric Machinery Manufacturing Co. 
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T he Committee on Instruments and Measurements 
has been active during the past year on the 
following subjects: 

1. Standard definitions for telemetering. 

2. Standards for recording instruments. 

3. Standards for indicating instruments. 

4. Revision of Standards No. 14—Instrument 
Transformers. 

5. Revision of Electrical Units. 

6. S 3 ntnposium on precision measurements. 

7. Technique of temperature measurements. 

8. Measurement of reactive power. 

9. Method of measuring distortion factor. 

10. Review of proposed papers. 

11. Conclusion. 

Standard Definitions for Telemetering 

The subcommittee devoted to telemetering has been 
active for a nrunber of years. Last year in this report 
there were published for comment standard definitions 
on this relatively new subject. It has been felt that, 
with the interest in the field of telemetering, it would 
be desirable to have some standard definitions so that 
the terms which are used would not be results from a 
hit and miss selection, as often occurs in newly devel¬ 
oped fields. With comments received this year a set 
of standard definitions was approved by the member¬ 
ship of the Instruments and Measurements Committee, 
and is now r^y for transmittal to the Standards 
Committee for adoption. 

Standards for Recording Instruments 

As a result of several years work, a subcommittee 
has completed a draft of proposed standards for re¬ 
cording instruments. These standards have been 
approved by the Instruments and Measurements 
Committee, and are now ready for submisrion to the 
Standards Committee. 

The work of the subcommittee is under the chairman¬ 
ship of Mr. Eumard. A large amoimt of work has 
been involved in the development of these standards 
so as. to coyer this field of measuring instruments. 

•couuRTm ON nrsTRUUBnTs and hbasukbmbrts: 
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A, L. Oook, I. F- Ebmard, PniU MacGahnn, 

B. B. Doyle, '\>. A. Enopp, E. T. Pierce, 

Melville Bastbain. A. B. Knowlton, W. J. 31iackelton* 


The Committee has considered many new items which 
have shown that the Standards for Indicating Instru¬ 
ments should also be revised. 

Standards for Indicating Instruments 

Since 1927, Instrument Standards No. 23 has been 
used by the industry. Since that time considerable 
progress has been made, and experience with the 
Standards has indicated that a revision would be 
desirable. A subcommittee was appointed at the 
beginning of this year to start the revision. 

Revision of Standards No. 14—^Instrument 
Transformers 

A subcommittee has been active durii^ the past year 
revising Standards No. 14 covering instrument trans¬ 
formers. This standard was approved in 1926. It 
was the feeling of the members of the Instruments and 
Measurements Committee that progress in the art 
warranted revision at this time. The committee is 
under the chainnanship of Mr. Gibbs. Several tenta¬ 
tive drafts have been prepared and revised so that these 
standards will soon be in form to be submitted to the 
Committee membmnhip for approval. 

Revision op Electrical Units 

The report of the Committee on Instruments and 
Measurements for the Institute year ending July 31, 
1929, contained a brief account of the i>artidpation of 
this Committee in the events which led up to the first 
meeting of the (international) Advisory Committee 
1 on Electricity at Paris in 1928. At that meeting resolu¬ 
tions of far-reaching importance were adopted, to the 
effect that the absolute system of electrical units, 
derived from the c. g. s. system, may be substituted with 
advantage for the present international system of units 
which is based upon arbitrary l^lized material stand¬ 
ards, namely, the mercury ohm and the sQver volt¬ 
ameter. 

The second meeting of the Advisory Committee on 
Electricity was held in Paris m June 1930. The Ameri¬ 
can representative on the Committee, Dr. G. K. 
Burgess, Director of the Bureau of Standards, was pre¬ 
vented from attending, and sent Dr. H. B. IBrooks as 
his substitute. 

Repres^tatives wde sent by the nationsd standardiz¬ 
ing laboratories of England, Germanyi .Japan, and the 
Soviet Republics; by the Laboratoire Central d’Elec- 
tridte of Paris, and tiie International Bureau cff Weights 
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and Measures at Sevres. Italy was represented by 
Professor L. Lombardi of the Royal School of Engineers 
at Rome. Other experts were present as invited guests. 
A large part of the sessions was taken up with the dis¬ 
cussion of a new duty which the International Com¬ 
mittee of Weights and Measures had recently laid upon 
the Advisory Committee on Electridty, namely, that of 
advising the International Committee on all questions 
rdating to the methods of measurement and to the imits 
and standards of light. 

Concerning the primary standard of light, resolutions 
were adopted supporting the view that a black-body 
radiator should be adopted; requesting the national 
laboratories to examine the spedfications for the 
Waidner-Burgess primary standard of light and to give 
their views regarding the practicability of its adoption; 
and urging the desirability of making additional deter¬ 
minations of the brightness of the black-body radiator, 
espedally under the conditions prescribed by the 
Bureau of Standards’ specifications, or at least under 
conditions comparable with them. 

Concerning the imit of light and its maintenance, the 
Advisory Committee adopted a resolution to the effect 
that it is ineacpedient to change the unit (i. e., the inter¬ 
national candle) which has been in use since 1909. 
Otho* resolutions adopted relate to the exchange and 
comparison of groups of lamps by the national standard¬ 
izing laboratories, and to the adjustinent of the values 
of the practical secondary standards, aa may be neces¬ 
sary in the future as a result of reference to a primary 
standard. 

Concerning the electrical units and standards, two 
resolutions were adopted, as follows: 


laboratories can be considered as sufficiently constant 
until the absolute unit of current shall be established. 

It shoxild be noted that these recommendations con¬ 
cerning standard cells and voltametei's do not in any 
way modify the Advisory Committee's recommendation 
of 1928 looking to the ultimate legalization of the abso¬ 
lute ohm, volt, and ampere on a basis free from all 
arbitrary character. The recommendations merely 
recognize that the standard cell and the silver volt¬ 
ameter are useful tools, when properly used, and are 
essential to the maintenance and dissemination of the 
international electrical units under the existing limi¬ 
tations. 

The Advisory Committee also made recommemla- 
tions regarding the equipment of the International 
Bureau of Weights and Measures and plans for coopera¬ 
tion between that bureau and the national laboratories 
in work on electric and photometric stiindards. Since 
an international General Conference on Weights and 
Measures is to be held in 1983, the Advisory Committ(.>e 
decided that it should meet aigain before that time to 
study the compeuisons of standards which shall have 
been made and to assign values in absolute units for 
the standards of resistance and of electromotive force. 

Symposium op PRBasioN Measurements 

In view of the recent activity of the International 
Advisory Committee on Electricity, it was felt desir¬ 
able to have some outstanding papers written concern¬ 
ing the fundamental electrical units. The subject is 
being treated in a S3unposium which is be'ng presented 
at the 1931 Summer Convention and which includes 
four papOTs. These are: 


1. With r^ard to the unit of resistance, the ohm, 
considering that methods of determining the absolute 
ohm are suffidaitly advanced and that the agreement 
between the measurements of the coils (secondary 
standai^) of the diff^^ent laboratories remains within 
the limits of precision of the measurements, it is not 
necessary at prraent to undalake further comparisons 
of the resistance coils with meremy ohms. • 

2. As to the umts of electromotive force, on the 
contrary, the international comparisons of standard 
cells ^ow differaices, exceeding the limits of possible 
precision, between the values of the electromotive 
force of the s^dards of different countries. The 
comimttee considers that it is absolutely necessary to 
make new deterrmnations of tiie electromotive force 
of tile international Weston cells in .each national 
laboratory by means of the silver voltameter. 

The wnditions under which the silver voltameter 
sho^d be used are spedfied suflicientiy in the report 
of ttemte^onal committee which met in Washington 
m 1910. The Advisory Committee recommends, how- 
OTer, ttot the national laboratories use the Smith or 
tte ^hha^ voltameter, avoiding organic material, 

IS detrimental to the electrolytic deposit. 

The groups of" Weston cells prepared in the seveal 


1. iTiieTTMionol Sta/ndet/rd of Electromotiva Force 
o/nd Its LcruhTemperature Coefficimt Formt by Marion 
Eppley, the Eppley Laboratory, Inc. 

2. The Unit of Electrical Resistance; Past History 
and Impending Change, by H. B. Brooks, National 
Bureau of Standards. 

3. Design of Potentiometers, by I. Melville Stein, 
Leeds and Northrup Company. 

4. Electrical Units and Their Application, by L. T. 
Robinson, General Electric Company, 

Technique of Tempeeaturb Measurements 

In order to set up a standard code for temperature 
me^urements, a subcommittee* has been appointed. 
This committee has already analyzed all of the tempera¬ 
te requirements included in the various standards 
of the Institute, and is now summarizing these data 

eP^tory to setting up the necessary measurement 
technique. 

Measurement op Reactive Power 

(Jnsid^ble interest is being displayed in the 
matter of measurement of inactive Power. A sub- 
TOmmit^ has been considering this subject, and is 
cooperating with a committee appointed by the 
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Standards Committee under the chairmanship of 
Mr. A. E. Knowiton. 

Method op Measuring Distortion Factor 

In line with the recommendation of this Committee, 
made in last year’s annual report, a subcommittee has 
been following the performance of Belfils Bridge which 
is being used by one of the manrifacturing companies. 
The work has progressed to the point where a report 
has been prepared covering the performance of this 
apparatus. At the present time the report is in circula¬ 
tion among the members of the Instruments and Mea¬ 
surements Committee in order that their comments 
and reconunendations may be obtained in regard to the 
suitability of this device for the measurement of dis¬ 
tortion factor. 

Papers 

In addition to the four papers mentioned above in 
connection with the symposium of precision measure¬ 
ments, nine papers have been submitted to this Com¬ 
mittee for review. Some of these have already been 
approved for publication and presentation and the re¬ 
mainder are in circulation and will be reported on 
shortly. These papers are listed below: 

Measurements of Cable Insviation Characteristics 

A High-Sensitive Pmer-Faetor Bridge, by W. B. 
Kouwenhoven and A. Banos. 

High-Voltage Bridge for Measurement of Cables with 
Grounded Sheaths, by C. P. Dawes and A. P. Daniel. 


The Eliminction of an Inherent Error in the Usual 
Form of Capacitance Bridge for Capacitance and Power- 
Factor Measurements by the Substitution Method, by 
R. P. Siskind. 

Measurements of Magnetic Flux 

Core Loss Measurements at High-Flux Densities, by 
6. M. Smith and C. Concordia. 

This paper was presented at the Northeastern 
District Meeting, Rochester, N. Y., April 1931. 



A Dired-Current Bushing Transformer, by A. S. 
Fitzgerald. 

A New Overcurrent Relay with Straight Line Charac¬ 
teristics, by S. L. Goldsborough and R. M. Smith. 

A Thermionic Type Automatic Synchronizer, by 
F.H.Gulliksen. 

The Characteristics of the OseiUograph-Galoanometer, 
by V. S. Thomander. 

The Amplifier-OseSlograph, by S. K. Waldorf. 
Conclusion 

Active interest has been shown by the members of 
the Committee on Instruments and Measxirements 
through the year. The meetings held were well at¬ 
tended and subcommittee reports indicated considm^ble 
progress was being made in each of the astigned activi¬ 
ties, and definite steps have been taken on several as 
indicated above. During the coming year it is ex¬ 
pected to complete some of the other projects. 
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T he functions of this committee have, in the past, 
been largely confined to (1) encouraging the 
presentation of papers before the fiistitute dAttling 
with those phases of electrical engineering which are 
major factors in the utilization of electrici'^ in the 
steel industry. (2) To preparing an annual report 
which bri^y summarizes such phases of the application 
of electricity to the production of iron and steel as are 
considered new or of spedal interest to the membership. 

During the part year, the committee’s work has 
followed the previous precedent, in procuring papers. 
It also actively cooperated in arranging a joint sesrion 
of the Institute with the Association of Iron and Sted 
Electrical Engineers at the meeting of the Middle 
East^ Dii^ct held in Kttsbuis^i on March lltih to 
13^ inclusive, ^ 1931. The pap^ presented before 
this mating vdiich the members of this committee were 
active in procuring are as follows: 

1. “Conversion and Distribution of General Purpose 
D-C. Power in Large Industrial Plants,” by R. D. 
Abbiss, Cam^e Steel Co., and D. C. West, Westing- 
house Elec. & Mfg. Co. 

2. S 3 uuposium on Interconnection Between Utilities 
and Industries: Davison Coke and Iron Co. and 
Duquesne light Co. Interconnection, by G. E. Dignan, 
Davison Coal and Iron Co. and R. L. Kirk, Duquesne 
light Co. 

8. “Interconnection of Power Supply Between 
Public Utilities and Large Industrial Users,” by P. O. 
Sdmure, Bethlehan Steel Co. 

4. “Absorption of By-Product Power,” by A. 
Hoeffle, Toledo Edison Co. and W. T. Woodmancy, 
Interlake Bun Corp. 

5. “The Use of Electricity in Large Aimealing 
Furnaces,” by J. C. Woodson, Westinghouse El e c , & 
Mfg. Co. 

The Committee wishes to report that this joint meet¬ 
ing of the Institute and the Association of Iron and 
Sted Elwtrical Engineers was a very successful part 
of tire Middle Eastern District Meeting Program, and 
sugg^ts that joint meetings with the Association of 
Iron and Sted Electrical ElngineerB be encouraged in 
the future. 


Electrical Developments in the Iron and Steel 
Industry During 1930 * 

During the year 1930 there has been a general reces- 
don from the unusually high operating rates of the 
preceding year, and an accompanying reduction in 
expenditure for improv«nents and new plant fadlities. 
However, an impressive amount of dectrical equipment 
has been purchased and many investing developments 
have taken place. Undoubtedly, the very successful 
dectriflcation of rolling mills and thdr auxiliaries has 
been an important factor in the sted industry. 

The iron and sted iiidustry during 1930, purchased 
163,490 total horsepower of main drive motors, rated 
300 hp. or over, as compared to a total of approximatdy 
850,000 hp. during 1929. The fact that the rate of 
increase in installed horsepower for wain drives is 
peater than the rate of increase for ingot capadily, 
indicates the tenden^ to modernize old will;; 

Direct Current Motors 

Many important installations have been completed 
during 1930, with others rapidly nearing completion. 
From varioim viewpoints, a new 10,000-hp., 64-inch 
bl<raming mill in the Chicago District is memorable. 
It is the most powerful mill yet installed by a margin 
of 2,000 hp., an increase in power which will be useful 
in rolling thidcer and heavier sections. This totds 
toward greater output of tiie whole plant, the blooming 
mill being tiie first of all the rolling oiierations. 

Even more than for its size, this mill is unique in 
that the two main rolls, usually geared together, are 
driven individually, each by its own motor. This is a 
great improvement over the former method of a single 
motor coupled to a pinion stand. The ordinary con¬ 
struction of mill pinions and housings permits wear 
and misahnement from which develop accelerated 
wear, noise, vibration, and occasional breakage. Often 
the mill must continue in operation for several days 
after trouble has be^ developed before it can be con¬ 
veniently shut down. 

Each roll of the new 54-inch mill is driven by a double 
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annature motor rated at 6,000 hp., 700 volts, direct 
current, at 40/80 r. p, m., both motors being under 
electrical control which keeps the speed of the two rolls 
precisely the same. The torque developed is 4,000,000 
Ib-ft.^ from standstill uj) to normal speed. The motors 
are of minim u m diameter to avoid angularity of the 
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mill spindles between motor and rolls, an incidental 
advantage being smaller inertia. 

Inunediately following the 54-inch blooming mill 
just referred to is the 52-inch beam mill. The rough¬ 
ing mill ia driven by a 7,000-hp. reversing motor, and 
a 2,000-hp. reversing motor for the edging stand. 
Likewise the intermediate mill will be equipped with 
revermng motors rated at 6,000 hp. and 2,000 hp. 

There is now imder construction by this same com¬ 
pany, a 44-inch universal slaibbing mill, the driving 
motors of wMch will have a continuous capacity of 
12,600 hp., and a maximum em«:gency capacity of 
36,000 hp. The upper and lower horizontal rolls are 
to be individually driven by two 6,000-hp., 40/80- 
r. p. m. reversing motors, constituting a twin motor 
drive of 10,000 hp., 4,000,000 Ib-ft. maximum torque 
capadty, duplicate of the 54-inch blooming mill now 
in operation. The vertical edging rolls are to be 
driven by a third reversing motor, rated 2,500 hp., 
79/225 r. p. m., 500,000 Ib-ft. maximum torque capac¬ 
ity. Power for the three reverting motors will be 
furnished by a 10,500-kw. flywheel motor-generator set 
consisting of a 180,000-lb. flywheel, a 6,500-hp., 25- 
cycle, 6,600-volt, 370-r. p. m. induction motor, and 
three 8,500-kw., 700-volt generators coimected in 
parallel. This installation will be of unusual into:est 
to stedi mill engineers because of the large tize of the 
mill and the electrical equipment, and also because of 
the method of drive, utilizing three reversing motors 
with control to provide adjustment of relative speeds, 
thus permitting variations in drafting and the use of 
rolls of unequal diameter. 

To secure the necessary refinmnent for the accurate 
automatic control of the screwdown mechanisms on a 
82-inch thr^high universal plate mill and on roughing 
and int^mediate 52-indi universal structural mills, 
seven variable-voltage screwdown equipments have 
been installed. The variable-voltage control pennits 
much more accurate settings than could be obtained 
with rheostatic control, tither automatic or manually 
operated, and thus speeds up the operation of the entire 
mill. A further advantage is the tiimination of the 
large capacity reverting and accelerating contacts 
and stai^g resistor, with accompanying lowered 
maintenance. 

In addition to the 54-inch and 44-inch mills referred 
to above, this company is also completing a 96-inch 
continuous plate mill, a 10-inch alloy bar mill, a large 
open-hearth department, and a 20,000-kw. addition to 
the existing steam turbine power station. 

The 10-inch alloy bar mill will be driven by nine 
direct cuirmit motors, totaling 7,627 hp. Some of 
the motors have a speed range of approximately 5 to 1, 
w'hich is obtained i>artly by motor Add adjustments 
and p^y by armature voltage control through the 
use of auxiliary bu<^ing generators, one for each of 
two motors which have this large speed rmige. The 
use of these buddng generators permits operating the 
three main l,75Q-kw., 600-volt generators in parallel at 


constant bus voltage. The motors will be equipped 
throughout with speed r^ulators of the vibrating type, 
designed to hold the speed r^:ulation within very dose 
limits. 

An 8,000-hp., 40/100-r. p. m. reversmg motor is 
now being bxiilt to drive a 44-inch blooming mill at 
Gary. This motor will be capable of developing a 
maximum torque of 2,900,000 Ib-ft. The 
parts of this motor, including the armature spider, will 
be of fabricated steel construction throughout. Several 
revetting motors with fabricated and electrically wdded 
armature spiders have be^ in service for some timo, 
demonstrating beyond doubt the reliability of this type 
of construction. Power for the 8,000-hp. motor will be 
supplied by a 375-r.p“m. motor-generator set, con- 
tisting of two 3,500-kw. generators, one 6,000-hp., 6,600- 
volt, 26-cycle induction motor, and one 200,00()-hp- 
sec. flywheel. 

A southern steel company has placed in operation at 
Alabama City, , a new 40-mch blooming mill which 
replaces an engine-driven 36-inch mill. The 40-inch 
mill is driven by a 7,000-hp., 700-volt, 60/120-r. p. m., 
tingle-a^ature reverting motor supplied with power 
from a 6,000-lpfv. flywheel motor-generator set. This 
company has also installed a new 32-inch three-high 
univ^al plate mill driven by a 4,000-hp., 80/160- 
r. p. m., d-c. motor, similar to a reverting mill motor, 
with variable-voltage power supplied by a 3,200-kw. 
flywheel motor-generator. The major part of the mill 
output is light gage sheets. The type of drive used 
permits the operator conveniently to select low speeds 
for the roughing passes, and high speeds for the finish¬ 
ing passes, with very rapid acceleration to the desired 
rolling speeds. An important feature of this mill is 
the automatic screwdown. When the operator moves 
the pass mast^ switch to each succestive position, the 
deti]^ screwdown setting for each pass is obtained by 
automatic control. 

A 20-indi continuous hot strip mill in the Detroit 
IMstrict was put into operation in 1930. This null has 
ten stands, each driv^ by an individual d-c motor. 
The drive for this mill has one very intwesting feature. 
When rolling from slabs of such length that the piece 
will reach from stand 4 to stand 5, tiie section of the 
bus to which the first four motors and one 5,000-kw. 
gen^tor set are connected, is segregated from the 
bus to which the rmainder of the motors and the other 
genOTators are connected. This is necessary because 
tibe minimum speeds of the first four motors when 
operating at normal rated voltage are such that the 
metal would be deliv^ped firom stand 4 at a very much 
hig^^ speed than it ^ters stand 5. Consequently, 
when the piece is continuous between st^ds 4 and 5, 
the speeds of the first four stands must be lowered by 
tedudng the voltage of the generators on the section 
of bus to which the first four naotors ^nnected. 
A sitnilar arrangement was incorporated,m &e rontcql 
of the first two motors on the 60-inch strip 
plant at Steubenville, Ohio.. 
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Motor drive has for the first time been successfully 
applied on a large scale to the operation of a 900-ton 
mgot pressing application that was formerly monopo¬ 
lized ^ost entirely by steam or hydraulic operation. 
This press is in the new plant of a wrought iron manu- 
factimer near the Pittsburgh District and compresses 
wrought iron sponge balls, about five feet in diameter, 
into rectangular ingots, measuring about 6 ft. by 18 
inches square, preparatory to rolling in the blooming 
mill. On tile final squeeze, it is necessary to exert a 
pressure of at least 1,000 pounds pa* square inch. 
Maintenance of factory production at full speed, re¬ 
quires operating the rams up to 75 feet per minute. 
Still the motors and press must be protected from the 
enormous stress which would result if the ram was 
brought up suddenly against a solidly compressed 
ingot. The solution of these and otho* problems in¬ 
volved a ^rdination of generator, exciter, and motor 
charactoistics with manual and automatic control 
facilities, so that, as the pressure ino-eases, the ram 
q>eed is slowed up towards the end of its stroke and the 
current wiD never exceed the allowable limit. 

The main 900-ton ram is driven, through four racks 
and dght pinions, by a double-armature, 1,200-hp., 
d-c. revising motor, having a normal full-load speed 
of about 125 r. p. m., and a maximum light-load speed of 
275r.p.m. The motor was built with two armatures in 
ord» to reduce the PT JP and to halve the current to be 
carried by each commutator. The auxiliary 200-ton 
end rams are drivai by a 325-hp. smgje-armature motor, 
having a nominal fuD-load ^eed of 250 r. p. m. and a 
maximum light-load speed of 650 r. p. m. The motora 
are of sturdy mechanical consti-uction, with cast steel 
armature Riders, special armature coil bracing, and 
th^t bearings at the coupHng end. Rear enclosing 
end bells are provided so that the motoiu may be 
ventilated. This is necessary as the motora carry 
heavy loads at very low speeds, and are therefore 
incapablo of sdf-vontilation* 

Vanabl^vdtage d-c. power for the two press motora 
IS furnish^ by a four-unit synchronous motor-generator 
set consisting of a 1,000-kw. generator for the large 

f 2^1 ® for the small motor, a 

i,&uy.]ip 80 po* cent power factor, 6,600-volt, three- 
synchronous driving motor, and a 
60-kw., 260-volt exciter. . » 

addition to the electrical features enumerated, the 
jjjg pj|iggg incorpQjates a number 
tion to provide safe and reliable opera- 
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has deihonstrated the 

A mm m the Youngstown District has purchased 


the electrical equipment for a 10-inch bar mill having 
12 tandem stands. Ten d-c. motors totaling 7,350 hp. 
with variable-voltage control from two 2,000-kw. 
motor-generator sets will be used with this mill. The 
mill will have two unique features, one being the 
method of speed control and the other is the use of 
vo'tical motora to drive the vertical roll main 
stands. 

A speed regulator of the carbon pile t 3 q)e is u.sed 
with each motor and with a master frequency generator 
to maintain a desired speed relation between stands. 
The customary bevel gear drive to the rolls has been 
eliminated by the use of vertical motora. The vertical 
motor is mounted above the mill on an overhung 
support. This support also carries the rolls and 
pinion housing. The rolls can be moved sideways or 
up and down with respect to the bar being rolled .so 
that the vertical rolls can be lined up with the grooves 
of the horizontal rolls. 

Synekronom Motors 

Among the more important synchronous motors 
which have been purchased during the year may be 
mentioned two 4,600-hp., 166.6-r. p. m., 6,600-volt, 
60-^cle units which will drive two rolling mills in the 
plant of a Pennsylvania manufacturer. This company 
also purchased one 5,000-hp., 360-r. p. m., 6,600-volt 
synchronous motor to drive a 24-inch billet mill and 
one 4,000-hp., S60-r. p. m., 6,600-volt motor to drive a 
28-inch billet mill at the same plant early this year. 
This company put into operation a 3,000-hp., 100- 
r. p. m., 11,000-volt, three-phase, 60-cycle synchronous 
motor, driving a three-high bfflet mill. This motor is 
of interest not only because it is one of the few main 
roll motors operating at over 6,600 volts, but also 
because it is started directly from the 11,000-volt 
circuit. 

A West Virginia manufacturer has purchased two 
synchronous motora, one 2,000-hp., 800-r.p.m. and 
one l,0^hp., 360--r. p. m., which will drive the hot tin 
mills. This is beUeved to be the first installation of 
sync^nous motora on mflls of this character, previous 
pra<^ hawg been to use induction motors with 
ywheels. S^chronous motors were chosen because 
of the nwessity of maintaining a good power factor, 
^d also because of the gain in ^dency. Not only is 
the syndwnoira motor itself more effldent than the 
ron^ndmg mduction motor, but the friction and 
mndage losses of the usual flywheel and the liower 

w ^ ? wtunated that the power per 
w 5 to 10 per cent 

been mod ^ ^‘‘duction motor flywheel drive had 


m the mod^ improvements in* switchgear equip- 

Sw start 

mdustry. The metal clad type of switchgear with its 
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live parts completely enclosed, excluding dust and 
dirt and at the same time protecting the operator from 
posable injury, is ideally suited to steel mill service. 

Auxiliaries 

Automatic screwdown equipment has been developed 
to the point where it will rapidly become more generally 
used, ^o recent applications, one in a universal 
plate mill and the oth«* in a structural mill have been 
mentioned in this article. The use of variable-voltage 
equipment for, these screwdown drives has proved 
very desirable. 

There is increasing industrial activity in the applica¬ 
tion of vacuum tubes and related devices. The crane 
operator on the soaking pit cranes for a 54-inch mill in 
the Chicago District will control the opening and 
closing of the soaking pit covers through the action of 
photoelectric cells. In another plant, a photoelectric 
cell acts as a "flag” switch to make the necessary set-up 
for registering the temperature of each billet as it 
approaches the rail mill. Undoubtedly, the field for 
such applications will rapidly increase. 

The majority of the motor-driven heavy shears, 
such as bloom and slab shears, which are now in opera¬ 
tion, are driven through dutches by induction motors 
equipped with fl 3 rwheels. The mechanical clutches 
are a source of more or less trouble, and to eliminate 
these and also the losses in the continuously running 
motor and flsrwheel, several shears have recently been 
installed with d-c. motor drives, arranged to start and 
stop with each cut. 

Two of these are in a new plant near Detroit. The 
larger of the two is an 800-ton slab shear, derigned to 
cut a slab 8 inches thick by 25 inches wide. Another 
midwestern steel plant has recently placed in operation 
eight shears, cutting cold stock up to a maximum of 
inch thick by 42 inches wide. Some idea of the 
high rate of ac^eration and retardation may be ob¬ 
tained from the fact that the shear makes a complete 
cyde in less than one second, and during this time tiie 


motor starts from rest, attains a speed of over 450 
r. p. m., cuts the plate and stops. 

A Pittsburgh tube mill has installed two scrap shears 
for crushing and shearing pipe up to 24 inches. They 
are of the new type with the shear motors starting and 
stopping for each cycle. 

What is bdieved to be the first application of syn¬ 
chronous motors to flying shear drive is in connection 
with a 20-inch hot strip mill in the Detroit District. 
The shear is of the rotary flying t 3 T>e, and, to insure 
that the metal shall be cut into equ^ lengths, it is 
necessary that the speed of shear be synchronized with 
the ddivCTy speed of the metal from the mill. To 
accomplish this, an a-c. generator is provided on each 
stand, from which the metal may be delivered. The 
shear is driven by a synchronous motor, the power for 
which may be obtained from any of the a-c. generators. 

Three ore unloaders recently placed in operation at 
one of the Lake Elrie Docks are interesting on account 
of their large size. The combined capacity of the 
three unloadas is 8,600 tons per hour, and the actual 
time for unloading a 10,000-ton boat is four or fivq’ 
hours. The budcet capadty for each unloader is 17 
tons. Each unloader uses eight motors totaling 
1,060 hp. The beam hoist motor is a 350-hp., 600- 
r. p. m., shunt-wound mill motor and the trolley travel 
motor is a .l70-hp. motor, these two motors having 
variable voltage control. The bucket closing and 
opening motor is a two-speed wound-rotor mill tj^pe 
motor, and all othm* motors are a-c. motors. The 
motor-generator set for the variable-voltage control is 
mounted intide the beam and serves to help balance 
the stiff-leg weight. 

As tiectrical improvements in the iron and steel 
industiy are reviewed each year, the opportunities that 
erist for improvements in st^ null drives and auxiliaiy 
equipment become increatingly evident. These im¬ 
provements will result from a close cooperation be¬ 
tween the steel plant engineer, the mill builds, and 
the engineers of the electrical manufacturer. 
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PsoDUcnoN OF Light potential to cause a discharge between the two cathodes. 

Statistics on Incandescent Lamp Sales once they have become heated. The lamp is rated at 

T HK sale otmcand««enthmpsMd»p remarkably 2 ampere. ab<il8yoIte. This lamp, d^gned tor opera- 
well durta, tbe past pear, large lamw shoamg a “ooo ^tero^ emr^l r^oir* a string 
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— - - - - ^ teinthe discharge. One, two or three lamps may be 

operated on the ordinary 115-volt lighting circuit in con¬ 
nection witha suitable current-limiting resistance, react¬ 
ance, or transformer. The glass bulb has been selected 
for its transmission characteristics so that the lamp will 
produce practically no radiation below 2,800 Angstrom 
units. In addition to producing the desirable radia- 

The average lumens, watte, and efficiency of the lai«e 

mps sold last year afl increased as Compared with the ”1“^^ possibly be used 


1929. The Central Station revenue derived from the 
two classes of savice in which light is a large factor 
(domestic and commercial, small power and light) 
showed an increase of about 7.5 per cent as compared 
with the previous year, offsetting the reduction from 
other uses of electricity, and leaving a net increftsa of 
about 3 per cent. 


lamps sold last year all increased as compared with the 
year before. The average lumens went from 797 to 
814; the average watte from 60.7 to 61.2 and the average 
lumens pa* watt 13.1 to 13.3. 

Of the sixteen standard wattages from 10 to 1,000 
inclusive, used in multiple sovice, three sizes 60,100, 
and 200 watte, represent nearly half (46.6 per cent) of 
the total wattage demand. 

The percentage of 110-volt and 116-volt lamps sold 

____*! _ _ . 


to advantage in the future to supplement the light of 
Mazda lamps, to secure a nearer approach to a light 
subjectively white in color as well as to obtain the 
healthful ultraviolet radiation. 

In last years report a new tungsten-mercury arc lamp 
was referred to. This lamp consumed about 316 watts. 
A lamp of the same general characteristics, but of about 
forty per cent of this wattage has recently been an¬ 
nounced. The bulb is smaller, and is fitted with a metal 

_ t • m • 


decreased slightly, while that of 120-volt gained as . 

compared with the previous year. The nereentave 


compared with the previous year. The percentage 
distribution for last year for 110-, 115-, and 120-volt 
lamps 5.2 per cent, 48.9 per cent, and 41.3 per cent 
respectively. Lamps for 200-260-volt service decreased 
from 8.3 per cent to 2.6 per cent of the total quantity 
sold for multiple service. 

The donand for street soies lamps is concoitrating 
on the 6.6 ampere rating. This now represents 71.2 
per cent of the total; the next largest demand being 
14.6 per cent which is for the 15- and 20-ampere com¬ 
pensator type lamps. 

New Sources of UUramlet Radiation 

A new type of lamp (called a glow lamp) has been 
develo^d wMch produces ultraviolet light by virtue 


of macury vapor in the bulb, and increases the effi¬ 
ciency of production of ultraviolet radiation. The ultra¬ 
violet output of the new lamp is approximately one-half 
of that of the older one. The transformer to be used 
vnth the new lamp weighs about 7J^ pounds and is 
sm^ enough so that it can easily be embodied in the 
design of fixtures, to permit a wider use of this t3T6 of 
lamp, especially a source for dual lighting service. 

Still another tjqie of lamp employing a tungsten 
ffiam^t, operated at a high temperature has been 
foimd to produce ultraviolet radiation in the biologically 
active range in sufficient quantity to be of value at 
least to poultry and animals where exposure times are 
not too short. Lamps for such service must, of course, 
be made with special bulbs which will transmit this 
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on standard lighting circuits have been made available. 

A ^w^, long-burning type of carbon arc has 
been developed for the production of ultraviolet radia¬ 
tion wffich was described in an illumination item in the 
December issue of the A. I. E. E. Journal, page 1081. 

Gaseous Conductor Sources of lAght 


W of krypten and jjodium, has 

beendescnbedbyDr.M.Pirani.* This opaites in a 
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tube about one inch in diameter and 35 inches long 
which has to be mdntained at a temperature of 360 deg. 
cent, (somewhat above the melting point of lead). A 
very high efficiency, about 70 per cent of the theoretical 
rnaximum, is obtained based on the input to the arc 
alone. With the supplementary heating required, the 
over-all efficiency would, of course, be reduced. R'evi- 
oxis to this time sodium arcs with efficiencies of from 
50 to 70 lumens pw watt have been described. The 
light from such lamps, however, is nearly monochro- 
matic and would, alone, be of limited utility for ordinary 
lighting service. 

Dr. Pirani has also obtained great increases in 
brilliancy in mercury and in neon discharge tubes.t 

The combination of hot cathode neon and mercury 
vajKsr lamps to produce light apparently white in color, 
at a high efficiency, (mentioned in our report for 1928) 
is again attracting interest, as is also the combination 
of the mercury arc with incandescent lamps. 

SmaM Gaseous Conductor Lamps 

These small negative glow lamps used for night 
lamps, indicative and current detectors, are now de¬ 
signed to operate on line voltages from 90 to 130, and 
to consume from 0.01 to 2 watts,. The former is merely 
an indicator, the latter gives a maximum normal candle- 
power of 0.2. 

Photoflash Lamp 

A lamp has been designed to produce a high intennty 
flash for use in photographic work, consisting essentially 
of crumpled aluminum foil in an atmosphere of oxygen, 
which is ignited by a small filament that can be operated 
on any voltage from 2 to 130. It is made in a bulb of 
the size and shape of the 100 v^tt lamp used for general 
lighting service. 

The flash lasts approximately 0.02 second, the 
radiation is about such as would be obtained from a 
black body at a temi>eratore of 4,000 deg. K. The 
ilaph is equivalent in candlepower to about 250 ordinary 
500-watt lamps. It is noiseless and fumeless, the 
products of combustion being retained within the bulb. 
The lamp is finding wide use in the photographic field. 

J,jO-WcM, Gas-flUed Lamp 

The 40-watt lamp for ordinary lighting service is 
being changed from a vacuum to a gas-filled type, and, 
at the same time put in a slightly smaller bifib. The 
initial efficiency of the new lamp is lightly higher, and 
the light output is maintained better throughout life. 

50 -Watt Lamp 

The 50-watt incandescent lamp, for general lighting 
service, has been removed from the regular schedides 
of the manufacturers of Mazda lamps. Its demand can 
apparently be shifted largely to the 60-watt mze which 
is gaining steadily in popularity. The three dzes,40,50,. 
and 60 representec^unnecessarily close steps. 

*Z^t»ehriJt fur Ttehrt«$ch« Pk^tih —^Nov. 1930. 

\E. T. 2:.,—^vine.1930. 


Nm Incandescent Lamps 

Three new lamps for 110-, 116-, and 120-volt liglitiTig 
service have recently appeared on the market. These 
are, a 6-watt lamp in a bulb H iR<5h in diameter, a 
100-watt in a tubular bulb 34 inches long, and a 150- 
watt in a tubular bulb about 12 indies long. 

Application op Light 

Ultraviolet 

The utihty of ultraviolet radiation for purposes, 
other than merely the prevention of rickets, has been 
attracting wide attention and has been the subject of 
much experimental work. Its most promising physio¬ 
logical benefits seem to lie in the direction of prevention 
of colds and relief of anaemia. In the industrial fidd 
powerful carbon arcs are used for making accelerated 
tests (which must however be carefully evaluated) and 
for the treatment of food, tobacco, and othmr products. 
Small incandescent sources can be used in poultry 
houses with good effect. 

The use of screens with arc sources to absorb the 
ultraviolet radiation shorter than that which it is 
desired to use, has grown during the past year, partic¬ 
ularly in outfits intended for use in the home. A time 
limit switch is also incorporated with some outfits to 
reduce the probability of over-exposure. The devdop- 
ment of very powerful arc sources with long-burning 
Oarbons, has extended the posrible use of ulfraviolet 
radiation in both industrial service, and in treating 
large groups in hospitals and sanatoriums. 

Trends in lAghHng Practise—19S0 

The interest of architects and decorators in the use 
of artificial light as a component part of thdr decorative 
scheme, is becoming more and more widespread. At 
first the new ideas were accepted in only the largo* 
cities, now in most of the smaller cities and larger towns 
excdlent examples of the new practise can be found. 

Instead of trying to imitate flame sources, candles 
and oil lamps in fixtures intended for rooms of classical 
treatment, the skillfril designer produces a luminaire 
whidi serves the modem li^t sources in an effective 
manner and then incorporates in the detail of decora¬ 
tion elements which are inherent to the decorative 
period tmder conrideration. 

The more commerdal or stock fixtures which have 
appeared on the market during the last few months 
e^bit a tendency to new forms, characterized in 
general by rimplieity of line and pleasing proportions. 

If satidactory illumination is to be obtained from 
side wall outlets, these must be fitted with some sort 
of device quite <Merent from the ordinary candlestick 
bracket. Manufacturers are beginning to resdize the 
possibility of so-called semi-indirect, side wall pockets 
or urns and a numbm* of interesting varieties have b^ 
placed on the marltet during the period imder conmd- 
mation. 

Only a few years ago it was the practise to finish the 
building and then choose the U^tiilfc fixtures. As a 
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result they often tended to appear as an incongruous 
after-thought, and not a component part of the struc¬ 
ture. We are now seeing many instances of what has 
been termed “built-in” lighting, but these arrangements 
cannot be earned out unless suitable provision is innd< » 
in the initial plans for the placement of lighting equip¬ 
ment. 

There is a growing appreciation of the value of light 
^ well as to see by) and in the more modem 

buildings we see int^esting installations of luminous 
panels, niches, and touches of color which give no useful 
illumination but are pleasing to the eye. 

Naval architects and ship owners realize that their 
vessels must be made more interesting from a decora¬ 
tive sl^dpoint if they are to attract patronage under 
conations of severe competition, and decorative light¬ 
ing is receiving more attention than ever before in 
marine service. 

There seems to be a trend in commercial lighting 
practise toward the greater use of indirect li ghting 
equipment, both semi-indirect and totally, indirect. 
Such forms of lighting which are desirable for general 
use in commercial interiors have been rather dow in 
bei^ adopted probably because they require better 
maintenance than the enclosing globes. 

Technical progress has been made in practically every 
field of lighting. In some of the newer ones, such as 
lighting for outdoor sports and for aviation, there has, 
in addition, bera a v^y rapid growth. There have 
been no revolutionary changes, however, in equipment 
and methods generally employed. 


WindowUss Buildings 

PCThaps the most outstanding development in con¬ 
nection with the use of dayli^t or artificial light for 
buildings that has taken place to date was started 
during the past year. The new factory of the Simonds 
Saw & Steel Company, Fitchburg, Mass., which is now 
nearing completion is built entirely wi^out window 
openings. This pioneering project is receiving much 
publidty and the results will unquestionably be watched 
with interest and have a distinct bearing on the future 
building construction. In this building li ghting units 
consisting of a combination of mercury vapor tubes 
and tungsten filament lamps will be used to secure a 
sifojectively white color of lij^t. Some of the tubes 
will be oif ultraviolet transmitting glass to provide the 
deored amount of such radiation. Another notable 
ek^ple of this nature is the Parker Bridget Depait- 
ih^t Store in Washington, D. C. This store depends 
^tirely on artifidal illumination for its operation. It 
is fdtfhat by elin^ting windows lighting conditions 
®i^.;^*h|^tant at all l^es. It’is much had^, to acctt- 
l^ycofttieltOT^jemtnrean^ Then, too, 

fiWHp a iiwaxh«i<^^\stjuid)3<Mnt the larger p^eeptage 


th^«^ ^fi^tmuity seiyiqe which has 
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conditioning, windows are no longer essential. There 
are so many ad'vantages to be gained by thdr elimina¬ 
tion in c^tain classes of use, that it appears as though 
this subject wdll receive increasing attention in the 
future. 

Proper Operating VoUage 

The N. E. L. A. Lamp Committee gives in its report 
this year, the results of further surveys of socket volt¬ 
ages, which show some improvement in the average 
■value as compared with the sample cities studied the 
year before. The spread in voltage, however, shows 
no improvement. The results given in these surveys 
apply particularly to residential service. In large 
office buildings and industrial plants the average socket 
voltage is probably relatively lower than in readential 
service because of the greata* voltage drop in interior 
wiring. 

The N. E, L. A. Lamp Committee Report for 1928 
contained a summaiy of data on operating voltages as 
reported in use for some 18,000 communities. This 
summary showed that 6.4 pw cent of the population 
considered was in communities served at more than 
one standard voltage. Five years earlier the percentage 
had been 18.2. This trend toward the use of one 
standard operating voltage in each commimity aided 
in putting lamps of correct voltage in service, because, 
it is obviously difficult, if not impossible, to avoid 
mixing voltages in service whae two or more standards 
are in use. The mjuntenance of but one standard 
•service voltage throughout a community wmlros fr 
much easier to be sure that lamps of only the correct 
voltage are used, and this is important from the stand¬ 
point of lighting service in gene^. 

Minimum Wiring SpeeifieoHons 

In addition ito the minimum specifications for tiie 
adequate wiring of lighting circuits in commercial and 
public structures, mentioned in last years report, 
specifications coveing industrial and residential s^vice 
will soon be made available as a result of further woric 
by N. E. L. A. Committees. All of these spec^cations 
are in such simple form that they can be used with the 
greatest ease. Th^ provide mininniTm standards to 
which all new buildings should conform in the interests 
of good lighting service. We again recommend that 
every electrical engineer , who is brought into contact 
with the design or operation of lighting installations 
should be,^ familiar with these specifications. 

StrobOaeopie DevelopmerUs 

A new tyiie of strobo^pe has been developed in 
which the ffischarge charactoistics of a three-eluent 
grid glow tube are utilized in conjunction with a con¬ 


ing^y shoit duration and high frequency needed in such 
work. Another method, descril^ in German technical 
literature prodnoes fiashes of thiedesi^characterby the 
comb^^on|d motion of three di^ Stnying different 
numb^ ’i^'^t^^ rifts. 'A morq ifoinj^l^ description 
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of these devices has been submitted for publication as 
an Illumination Item. 

Group Replacements 

The replacement of incandescent lamps m street 
lighting service in complete groups rather than in¬ 
dividually as failures occur, offers a possible means of 
securing a higher genial level of Ulumination and 
reducing the numb®* of outages at no increase in 
operating cost. It is being used, or tried out, in a 
number of localities. If the burning hours of ^ the 
lamps in a larfee group are identical, and if the coat of 
replacing lamps individually as they bum out is rela¬ 
tively high, it may be advantageous to replace the 
entire lot as soon as the bxunouts begin to occur with 
some frequency, which will ordinarily be at the time 
the lamps have attained about 70 per cent of thrir 
average life. If this general replac^ent is made to 
coincide with one of the periodic cleanings of the 
lighting equipment the replacement cost pa* lamp is 
relatively small. This same practise might well be 
applied in other classes of service, where the cost of 
making individual replacements is relatively high, and 
where all the lamps in a large group bum the same 
length of time. 

Fixed Focus Automobile Headlights 

It has long been recognized that one of the greatest 
factors contributing toward glare from automobile 
headlights has been the fact that the lamp filaments 
were not properly focused in the reflectors. Although 
the system of approval of headlight equipment by the 
motor vehicle authorities of the various states after 
laboratory test has become quite general and all cars 
are equipped with head lamps capable of producing 
adequate road light with minimum ^are, it has been 
imposrible to keep these equipments in proper adjust¬ 
ment in the hands of the public. The motorists may 
learn to aim the headlight beams properly, but the 
more intricate oi>eration of focusing the lament in 
the reflector has proved a stiunbling block. 

Because improvements in lamp manufacture now 
pmnit more accurate location of the filaments with 
respect to the lamp base, and because headlight re¬ 
flector and lens combinations have been designed that 
are less soisitiye to focal adjustment, it has become 
posmble for the motor vehicle authorities to approve 
the use of so-called ''fixed focus” headlamps from which 
the focuring mechanisms are entirely eliminated. The 
sockets in these headlamps are rigidly fastened in the 
reflectors and the filaments in the lamps of any repu¬ 
table manufacturer in this country are accurately 
designed to fit them so that an acceptable beam can be 
secured by simply inserting the lamp in the socket. 

Headlamps of this type are alre^y bring , used by 
several of ^e motor car manufacturers and improve¬ 
ments in the general headlight situation are to be 
expected as, their use bdbomes more widespread and 
cars with the old types of equipment are graduaOy 
replaced on the hjghways. 


General 

Present Status of Candlepower Standards 

While the needs of practical photometry have been 
met reasonably well for many years by the expedient 
of establishing units of candlepower maintained by 
means of electric incandescent lamps, this procedme 
does not give a permanent solution for the problem of 
photometric standards. There remain unsettled three 
major difficulties: 1. Several countries, particularly 
GOTnany and Austria, still use the Hefoo* unit, which 
is 0.9 of the unit recognized by the International Com¬ 
mission on Illumination; 2. no r^roducible primary 
standard has been accepted as representing the inter¬ 
national unit which was established for carbon-filament 
lamps; 3. no spedflc method has been agreed upon 
for passing foom the carbon-filament lamps to those 
giving light of other colors. 

These difficulties have resulted in discrepancies be¬ 
tween measurements made in different countries. The 
differences are large enough to be very serious in such 
precise measurements as are made in rating and testing 
incandescent lamps. Gonsequentiy efforts have been 
made for several years to find a basis for a compre- 
hoisive international agreement on this subject. These 
efforts have been furth^ed by discussion at several 
sessions of the International Commission on Illumina¬ 
tion. In order to give a more definite l^al status to 
the n^ot ations the International Committee on 
Weights and Measures decided in 1929 to take up the 
problem of photometric units and standards, collab¬ 
orating with the Commisrion on Illumination. Both 
of these organizations meet in 1931, and it is hoped 
that some definite progress can be made toward the 
solution of the problem. 

As a baris for action, an international Advisory 
Committee on Electririty, meeting in June, 1930, has 
prepared recommendations which may be summarized 
briefly as follows: 

1. As a primary ttandard of light a blaok-body radiator is 
definitely reoominended; other laboratories ace asked to consider 
the speeifio form of standard which has been developed by the 
Bureau of Standards, and’ to make determinatious on that form 
or on others which will be comparable with it. 

2. As a mit for general use the present international candle 
is to be retained. 

3. Present discrepancies between basic units at carbon- 
filament color as maintained in the different national laboratories 
are to be reconciled by comparisons now in progress, and there¬ 
after periodic comparisons and necessary adjustments are to be 
made under the auspices of the Litemational Committee on 
Weights and Measures. 

4. Through comparisons of colored filters now under way 
between the national laboratories it is hoped that agreement 
can be reached on a standard method for measuring lights of 
various colors. This method can then be used in setting up 
practiori standards for lamps of yarions types, all based upon 
the primary standard and aU condstent with each other. 

Architects and lAghMng . 

During tiie past year the Bluminating Engineering 
Sodety has given great attention to* securing better 
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cooperation between the architects and illuminating 
engineers. As one approach to this problem, three 
very well attended schools on architectural problems 
have been held, one at Columbia University, one at 
Chicago, and one at the Massachusetts Institute of 
Technology. Such schools for illuminating engineers 
serve to acqumnt them with architects’ viewpoints and 
nomenclature, thus helping to bridge the gap between 
the two professions. On the part of practising archi¬ 
tects greater attention than ever brfore has beai given 
to coordinating lighting with building design. 

Important steps have been tidcen in fostmng better 
lighting in the homes and schools of the United States. 
In this manner the best principles of lighting have been 
made available to school boards and home owners. 
This work is spreading rapidly. 

A code of principles of Street lighting has been 
prepared by the Street Lighting Committee of the 
Illuminating Engineering Sodety, which is likely to 
take a very important part in guiding the practise in 


this field. For the first time experts and engineers 
representing diverse interests and viewpoints have 
been able to agree upon a statement of some of the 
fundamental factors involved. 

The Lamp Committee of the National Electric Light 
Association presents each year to that association a 
report in which the statistics relating to incandescent 
lamp production are analyzed in detail, and in which 
important developmeits in the production and appli¬ 
cation of light are reviewed. Those who wish more 
detailed statistics, as well as those who are concerned 
with the commercial and engineering problems of 
lighting, will find valuable the reports of various com¬ 
mittees of the National Electric Light Association and 
the Illuminating Engineering Society. 

The Committee wishes to record its appreciation for 
the assistance rendered in the preparation of this 
report by Dr. E. C. Crittenden (who contributed the 
section on the Present Status of Candlepower Stand¬ 
ards), Mr. A. L. Powell, and Mr. A. B. Oday. 


Applications to Mining Work 

ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MINING WORK* 


T^HERE has been a minimum of new ingtallatj ons 
A made this year owing to the general depresrion. 
floiste. Probably fewer hoists have been installed 
than in many past years. It is interesting to note that 
two manufacturing companies alone report that com¬ 
bined they have sold to date nearly 800 induction motor 
hoists from 200 to 1,800 hp. in size, and over 100 
variable control d-c. hoists from 200 to 5,000 hp., the 
latter two motors in series. 

Cleaning Plants. There is a continued trend toward 
larger and more complete preparation plants Aa p.M»iaiiy 
at mines using mechanical loading instead of 
loading. One plant, Hazle Brook Coal Co., has in¬ 
stalled two 200'hp. Westinghouse synchronous motor 
drives. 


SJ^els. Electrification of 4- to 10-yard shovels has 
continued in the metal mines. 

^ Mining Madtines. The manufacturers of this spedal- 
ized electrically driven equipment have been very 
active in producing new types of mobile high-powered 
machines. These machines now undercut from 600 
to 1,2(W tons per day in contrast with older types which 
did well to undercut 200 tons per day. See Pig. 1. 

Loading Machirus. Rapid increase of the’amount 
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of (wal mechanically loaded indicates that these labor 
»ving devices^ are permanently established in the 
industry. Various makes have sustained records of 
350 to 600 tons loaded per 8 hours. Probably there 
are 600 such machines now in operation. 

Weldii^. In addition to miscellaneous repair work 
by electric are welding several companies have installed 
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M automatic welding heads to be used for filling up 
toe worn tr^ of locomotive tires and wheels. This 
has been quite successful and undoubtedly will be very 
genially used. ^ 


^a/ay Work. The Bureau pt Mines has continued 
to test and approve many new devices for mihing work. 


Applications to Marine Work 

ANNUAL REPORT OF COMMITTEE ON MARINE WORK* 


T he major items of activity of the committee for 
the current term have been: 

a. I&printing Standards No. 45—Recom¬ 
mended Practisefor Electrical InstahationsonShipboard. 

b. Promoting licenang of the electrical operating 
personnel on shipboard. 

c. Keeping in touch with electric propulsion of ships 
and the electrification of auxiliaries on ^pboard. 

Standakds No. 46 

During the last term of this committee these stand¬ 
ards wore completely revised to incorporate develop- 
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S. S. Mono Castle 

Propulaton motor in background 


ments and expansion in the marine practise since the 
previous issue of June 1927. They were carefully edited 
and reprinted in October 1930 and are being rapidly 
sold to all departments of the marine industry interested 
in electrical work. These standards are recognized and 
accepted by the various marine classification and 
insurance societies, naval architects, marine engineers, 
shipbtulders, and ship owners and are being incorpo¬ 
rate in many of the spedfications regulating the 
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construction and repair of ships. The increasing use 
of them testifies to the need of such rules in ord^ to 
standardize the electrical installations on shipboard 
and to stimulate the use and proper care of electrical 
machinery in the marine fidd. 

They are rdmed to in the various rules of classifica¬ 
tion societies not as a requirement but as representing 
good practise. This regard for these rules is justly 
merited due to the many years of hard work by experi¬ 
enced r^resentatives of the diversified interests com¬ 
pering the marine field. 

The fire riarm rules in the present Steamboat Inspec¬ 
tion Service are consistent with the Standards No. 45 
and were referred to this committee during their 
preparation. 


Operating Personnel 

Our efforts were continued with the Steamboat 
Inspection Service to obtain classification and rating 
for electrical operating engineers on shipboard. 



Pio. 2 —View in Upper Bnoinb Room, 
S. S. Mono Castle 

Propulsion control at left and generators at right 


A review of the work of the subcommittee in charge 
of this item carries one back to the year 1922 when 
overtures were made to the Steamboat Impection 
Service to require the operating personnel on vessels 
mth dectric idants to qualify and obtain electrical 
licenses. 

The committee’s efforts to date have been rewarded 
by a slight rairing in tiie standard of the electrical : 
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questions in the examination for license for steam and 
combustion engineers. 

The Board of Supervising Inspectors has been very 
courteous and granted a number of hearings. The 
necessity for the requested action, is recognized by a 
few of the supervising inspectors and it is hoped that 
there will soon be a sufficient number to put the move¬ 
ment into effect. 

The cause for this movement was the improper 
maintenance of electrical equipment on shipboard and 
is today perhaps more prominent than when the move¬ 
ment was started owing to the increase in the use of 
electrical apparatus and auxiliaries, with the exception 
of vessels equipped with electric propulsion and all of 
these are not immune. 

On electrically propelled vessels the standard of the 
dectrical force is somewhat high^ than on other 
ves^.^ Consequently, the electrical apparatus and 
auxiliaries receive the benefit of more expert attention. 

The committee has been in touch with the President 
of the American Steamship Owners Association solicit¬ 
ing its good offices. Our committee was cordially 
received and has been requested to submit its proposal 
relative to the absence of knowledge and training on the 
part of the operating persotmel. This proposal is almost 
complete and it is hoped it will be submitted at an early 
date. 

The subcommittee is keeping in close touch with this 
situation and is optimistic in feeling that favorable 
action will be taken by the Steamboat Inspection 
Service before long and their r^ulations modified 
accordingly. 

Electric Propulsion and Electric Auxiliaribs 

The year 1930 takes its place in marine history of 
the United States with a record of activity, progress, 
and accomplishment in shipbuilding and marine ongi. 
neering, which has not been approached since the busy 
days of the World War. This is, of course, due largely 
to the stimulation resulting j^m the Jones-White 
Merchant Marine act of 1928, which has made available 
' to American ship operators, large mml contracts and 
loans at low interest rates for construction of new 
vessels. Thus, our merchant marine is to receive a 
much needed strengthening by the addition of a fleet 
of fine ships now under construction or in process of 
design. 

In tte design of these last words in naval architecture, 
dectridty has taken an outstanding place. Some will 
be propeUed by means of elecbicity. All will have 
electrically driven auxiliaries which are so necessary 
to the operation of the ship. Electrical appliances will 
add to the comfort and convenience of the passengers. 

^ In ord^ to illustrate the progress of dectric propul- 
fflon especially during the p^ year the following data 
covering vessels completed or contracted for to Janu- ; 
aiy 1,1931, are listed below. i 


Total turbine electric in U. S. A___ 

Total turbine eleotrio outside U. S. A. 


Hp. No. vessels 

.867,600. 62 

.127,900. 9 


Total.996.600. 71 

(Commissioned or imdor construction during 

1980inU. 8. A.196,900...,_20 

Total diesel electric in U. 8. A. 88,280.121 

Total diesel electric outside U. 8. A. 16,700. S 


Total.104,980. 

Oonunissioned or under construction during 

1930 in XT. 8. A... 16,106. 


It may be int^esting to know the individual vessels 
and their horsepowers involved in the above figures. 


Name Horsepower 

Turbine Electric Drive—Ships Commissioned During lOSO in 
17. S, A. 

Santa Clara . 12,0(X1 

Morro Castle . 16.000 

Orienie . lo!oo0 

dig of Flint (Great Lakes Oar Ferry). 7,200 

Corsair . 0,000 

4—Coast Gumd Gutters. 12,880 

2 —^Riymr towboats. 4,000 

Total. 74,680 

Turbine Electric Drive Equipments—Under Construction During 
2930 

President Hoover, ... 26,500 

President Coolidge .26!600 

United Fruit Oo.—6 ships 11,000 hp. each. 66,000 

One Ooast Guard Cutter. 3,220 

Total.122,220 

Diesel Electric Drive—Installed During 1930 


Frying Pan . 

.Lightship. 

. 360 

Fenwick Island . 

.Lightship. 

. 860 

Nantucket . 

.Lightship. 


Tidewater . 

.Tanker. 

. 1,000 

V/ard Island . 

.Perry. 


Tenkenas, . 

. Perry. 

. 400 

Veedol No, 2 . 

. Tanker. 


L, T,C, No, 1 . 

.Tanker... . 

600 

L,T,C,No,2 . 

.Tanker. 

. 600 

L,T,C,No,3 . 

.Tanker. 

. 600 

Liston . 

• Survey Boat. 

. 850 

Scott . 

.Towboat. 

. 150 

Ft, Armstrong . 

.Towboat. 

. 150 

Cleveland . 

.Tug. 

. 800 

Rochester . 

.Tug. 

. 800 

Scranton . 

.Tug. 

. 800 

Oleon . 

.Tug. 

. 800 

VentM. 

.Tug. 

. 615 

Lana . 

.Tug. 


Prescottoni . 

•Tug. 

. 800 

One tug Vandyke No, 4, 


. 425 


Total. 11,455 

Diesel Electric Drive—Under Construction 

One yacht. 660# 

One tanker. 200 

Oneflreboat. 2,180 

One ferrsrboat. 750 


Prior to the cmnmistioning of the S. S. Calif omia 
in 1928 the total turbine-electric horsepower installed 
on merdhant ships was but 38,^. Out of a total of 
866,200 horsepowm* completed and in’ course of con¬ 
struction as of the end of 1980,317,400 horsepower, or 
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89 per cent, was undertaken during the past three 
years. 

Slightly apart tvom the marine field, but with equal 



Pig, 3 —Auxiliary D-C. Switchboard, 
S. S, Morro Caatk 


interest to it, was the installation of a central station 
in the Jacona, which is to be used as a mobile and sub¬ 
sidiary power plant along the shores of the New England 


Coast. Two turbine generators were installed, each 
rated 10,000 kilowatts for delivering power ashore at 
6,600 volts or 11,400volts three-phase 60 cycles. 

During 1930, a 96-in. (wheel diameter) gyroscopic 
stabilizer complete with electrical equipment, was con¬ 
structed. This unit will be installed in a large yacht. 
A second unit with 11-ft. diameter wheel, complete with 
dectrical driving motors, control and turbine generator 
set for power supply, is nearing completion for installa¬ 
tion on one of the largest 3 rachts ever built. The casing 
of this stabilizer will be of welded construction. 

During the year 1930 great strides were made in 
shipboard installations of modem watertight door 
control systems. This S 3 rstem provides that in the 
event of collision electric operation of the watatight 
bulkhead doors is instantly available. The system 
provides remote control of the watertight doors from 
the wheel house as well as at the door itself. 

It is the intention of this committee to keep Standards 
No. 45 up to date and assist in any practicable way the 
various classification sodeties and other bodies or in¬ 
terests in the marine field in the application of elec¬ 
tricity to marine use. 

We further are ready to cooperate with the Ammican 
Marine Standards Committee in establishing electrical 
marine standards such as vratertight receptacles, etc. 






Power Greneration 

ANNUAL REPORT OF COMMITTEE ON POWER GENERATION* 


T WO meetings of the entire committee were held 
during the year, one at the PhOadelphia District 
Meeting on October 14, 1980, and the second at 
the Winter Convention in New York on Janu£uy 28, 
1931. In addition to the regular survey of immediate 
developments and problems in the scope of the com¬ 
mittee, a continuing organization or method was 
adopted through which news items on the subject of 
power generation will be reported for publication in 
Electrical Enginbering. Each membw of the com¬ 
mittee was asked to appoint some one of his business 
associates as a permanent news correspondent to rep¬ 
resent his particular affiliation irrespective of member¬ 
ship in the future on the Power Generation Committee. 

The subject of interconnection continued to occupy 
the major attention of the committee, and especially 
of the Joint Interconnection Subcommittee on which 
Messrs. P. C. Hanker, F. H. Hollister, and A. E. Silver 
represented the Power Generation Committee. The 
formation of this subcommittee composed of members 
from the Power Generation, Power Transmission and 
Distribution and Protective Devices Committees, was 
predicted in last year’s report, and the subcommittee 
has functioned throu^out the year under Mr. Hanker’s 
chai r ma nship not only to the fullest extent, but has 
also promoted a close working arrangement among the 
three main committees in dealing with a subject that. 
has many conunon elements. 

The Joint Interconnection Subcommittee has directed 
the preparation of a second report on “Grounding,” 
which was presented at the Pittsburg meeting in 
March 1931 under the titie Present Day Practise in 
Groundmg of Transmission Systems, and while of tech¬ 
nical import to this conunittee, is also of interest be¬ 
cause the original report on Grounding was prepared in 
1928 by Mr. E. C. Stone now of the Power Generation 
Committee. 


’The Interconnection subcommittee has also spon¬ 
sored a session in this sununeris convention, consistii^ 
of four papers that treat the subject of interconnection 
primarily from the viewpoint of geographical, as con- 
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trasted to urban territory, interconnection. The 
introductory paper, prepared by Mr. AIm. E. Bauhan, 
is a comprehensive summary of the various services 
rendered by interconnection, and an exposition of the 
methods of evaluating the economies to be secured. 
Two pap^ that illustrate the plans and operating 
procedures adopted in different regions, are as follows: 

Interconnection in New England, by E. W. 
Dillard and W. R. Bell; The Pennsylvania-Dhio^ 
West Virginia Interconnection, by Howard S. Pitch. 

The fourth paper, by G. M. Keenan, is on Load and 
Freguency Control on Interconnected Systems and sum¬ 
marizes the methods in use and the experience on the 
subject that has accumulated in the past two to three 
years on practically all the major system intercon¬ 
nections in this country. 

The committee reviewed during the year and recom¬ 
mended as of great interest on the subject of inter¬ 
connection other papers as foUows: 

Governor Performance During System Distur¬ 
bances, by R. C. Buell, R. J. Caughey,E.M.H\mter, 
and V. M. Marquis. 

Reestablishing Excitation of a Loaded Alternator 
in Parallel wUh Others, by D. D. Higgins and 
E. Wild. 

Other papers describing the design of modem power 
plants that have been reviewed by the committee in¬ 
clude the following: 

The Ohio FaUs Hydroelectric Station at LouisviUe, 
Kentucky, by R. M. Stanley and E. D. Wood. 

Modem Steam Stations of Duke Power Company, 
by Marshall E. Lake. 

Steam Power Development of the Pacific Gas and 
Electric Company, by Richard C. Powell. 

TVo papers with an introductory summary have been 
initiated and are now in preparation on the subject of 
steam and electric drives. These papers are being 
written in collaboration for the purpose of uniform 
presentation, and are scheduled for one of the fall 
meetings this year. 

Mother activity initiated that will result in a sym- 
porium during the 1932 Winter Conv^tion, is sug¬ 
gested by the lade of information reported to the 
committee on the subject of system operation from 
the viewpoint of economy and rdiabilify in carrying 
load sdredules. Th^ is conitideral^e literature rdat- 
ing to load division among boilers and genoatihg units 
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in angle stations, but new problems in load allocation 
have resulted from the extensive interconnection of 
systems previously operating as separate units. It is 
planned to secure a series of papers describing the 
practise of at least three of the larger operating systems 
on which steam generation is exduavely anployed, 
and to reserve the subject of combined , steam and 
hydroelectric sources for later discuseion. 

The Progress Report which follows, covers the de- 
velopm^ts of the past two years. Togetha* with a 
bibliography Pf the more salient literature on power 
generation. 

Recent Developments and Present Status op 
Power Generation 

Volume and Distribuiion of Generation 

The combination of a two-year drought and the 
business depression had a marked effect upon the 
distribution of the total dectric generation in the 
United States between fuel burning and hydroelectiic 
plants. From 1921 and 1928 the av^ge yearly 
increase in total generation was quite uniform at 11.5 
per cent, in fuel generation at 10.9 p^ cent, and in 
hydroelectric generation at 12.7 per crait. Applying 
these average rates to the figures for 1928 there is a 
calculated deficit at the end of 1930 of 12.1 per cent in 
total generation, 4.0 per cent in fuel generation, and 
32.5 p^ cent in hydroelectric g^ieration. These figures 
show that the loss in hydroelectric generation caused 
by the drought allowed fuel generation almost to hold 
its normal increase notwithstanding a decrease of 1.5 
per cent in total generation in 1930. The total genera¬ 
tion in 1980 was 96 billions, of which 84.6 per cent was 
generated in hydrodectric plants in contrast to 40.4 
per cent in 1928. 

Generating Plant Building Programs 

The added steam generating capadty in the United 
States in 1929 was secured by about 57 per cent in new 
plant construction and 43 p^ cent in additions to 
existing plants. The total added capacity was nearly 
2,250,000 kw. It is int^esting to note that in 1930, 
in spite of the fact that the total dectric production 
for the year was about 1.5 per cent below that of 1929, 
there was nearly as mu<± steam generating plant 
capacity added as in 1929, a total of slightly over 
2,000,000 kw. This was divided 47 per cent in new 
plafits and 53 per c^t in additions to egiaring plants. 
Appar^tly the depression of the past year is to be 
reflected in the amount of capacity contemplated for 
1931 additions, which is about 1,250,000 kw. These 
additions are mostiy in existing plants where the added 
capacity is 75 per cent of tiie total, a condition ap- 
proadiing that of 1928, when practically all of the new 
steam capacity was in additions to existing plants. 

Compared to 1028, the number of new hydrodectric 
plants and the capadty installed in 1929, was strikingly 
small; the newdnstallations in 1930 were over three 


times greater than in 1929, but they still were appre- 
dably less than in 1928. The plants now imder 
construction that will be completed in 1931 will total 
about 50 per cent of the additions to capacity in 1928, 
while present indications are that the new capadty 
developed in 1932 will be only a fraction of the 1931 
installations. Contrasted to the schedule of immediate 
construction are the probabilities within the next few 
years of the super-capadty plants that are bdng con¬ 
sidered on the Columbia, Colorado, and St. Lawrence 
rivers. 

Major Influences in Current Design of Steam-Electric 
Plants 

The fundamental factors influencing the design of 
modem steam-dectric generating plants are about the 
same as those which dictated design in the past. They 
tue only modified by new and better apparatus now 
available, such as improved and alloy steels which 
make possible the use of higher pressxues and temper¬ 
atures, improved fud burning equipment and furnaces 
which pmnit of much higher boiler ratings and greater 
effidences, together with numerous other improvements 
in auxiliaiy apparatus. 

For a number of years the t^denqy of steam plant 
investment costs was upward and these increased costs 
w^ justified by the conmderable improvement in 
economy. The point has now been reached where 
improv^ effidencies are becoming mcreasin^y difficult 
to secure, and any increase in capital cost is difficult to 
justify. It would seem, therefore, that the effort to 
lower production costs must lie in reductions in capital 
investment through simplified design, raidng the out¬ 
put of tile equipment, and increasing the caiiadty for 
a given unit of space. 

Probably the most attractive feature in a program 
of simplification is the posdbUity of redudng the num¬ 
ber of boiler imits for a given turbo genwator output. 
Reports published within the last year indicate that 
the modem boiler has a reliability factor practicaDy 
equal to that of the turbo gmerator. It would, there¬ 
fore, seem that spare boiler capadty should be con¬ 
siderably reduced over past practise up to the point 
where boiler and turbine capadty would be equal. In 
other words, the boiler and turbine mi^t be considered 
as one complete unit. This would be particularly 
practical wh^e there are several unite in the sjuoie 
station, in which case a certain d^gr^ of flexibility 
could be secured where a boil^ and turbine forming 
separate unite might be out of service, in the one case 
for boiler inspection or repairs and in the other case 
for turbine inspection or repairs. 

The greater deanliness in the operation of fuel 
preparation and feeding apparatus will now permit the 
instaDation of turbines, boOers, and fud equipment in 
single buildings witiiout the use of the dividing walls 
which have up to this time been conddered necessary. 
There has been a number of instances where plants 
have been constracted witiiout tb^ walls and are 
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giving very satisfactory operating results. The omis- 
sion of dividing walls not only saves the cost of the wall 
but reduces the amount of building steel and pmnits 
of a more compact arrangement of apparatus, thus 
bringing about a natural reduction in the cubic contents 
of the building. In certain cases a reduction in operat¬ 
ing labor has also been secured. 

Outdoor installations of boilers, turbines, and elec¬ 
trical equipment are advocated by some engineers and 
many attractive studies have been brought forth. To 
date, however, no large outdoor installations have been 
projected. While such installations are not in entire 
favor with operating engineers the reduced investment 
has made the designs of interest. 

In practically all of the older detigns there was a 
great deal of duplication in the piping layouts. Nu- 
mmnis cross connections, loops and sectionalizing valves 
w^ used, partly with the idea of protecting against 
failure of any part of the piping system and partly due 
to the desire to protect against failure of apparatus 
used in the feed-water heating cycle. Experience with 
operation of piping, valves, and equipment has shown 
that their factor of reliability is, in general, as great as 
that of the turbines and boil^s. The opinion has 


balanced the lower capital and operating costs by 
minimiting the number of pieces of apparatus and sim- 
plif 3 ring the piping design. 

The use of larger units, both boilers and turbines, 
has resulted in a lower unit cost of equipment and in a 
marked reduction in the cost of the building per 
kilowatt of capacity. There is a number of installa¬ 
tions either already made or pending, where the capac¬ 
ity of the new turbo-generator unit is from two to 
three times that of the unit for which the building was 
originally planned. It is evident, therefore, that the 
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hwluentiy b^n expressed that provisions made for 
cross-connecting and sectionalizing have never been 
used even though they have been in the plant for a 
conaderable number of years. Simplification of piping 
design and reduction in number of valves, joints, etc., 
would reduce both the capital expenditure and the 
operating cost. 

Contiderable thought has been given to redudng 
the numbCT of duplications of auxiliary equipment, 
such as cond^te, air and circulating pumps for 
tin^ generator units. In designs where several spare 
l^OT were provided it was the practise to install 
am^e au^mes such as stoker drives, forced and 
draft fans, whereas on tire turbo generator 
urate rt ^ customary to duplicate the auxiliaiy equip- 
With the presait consideration being given to 
i^^on tmd p^ble eKmination of boilers, the 
qMshtm c{ dupheation of auxiliaries should be care- 
4>illy considered. The usual argument that it is good 
to iax»t^ the large unit by the instaUation 
frpheate a^d compaiativdy cheap auxiliaries, 
cames some wergjit. Against this, however, must 


cost of this portion of the building per kilowatt would 
be reduced to one-half or one-third of the original cost. 
A few years ago the cost of buildings per kilowatt of 
capacity was roughly $30. It is, therefore, evident 
that the possible savings in building alone due to use 
of largm* ^uipment results in a material reduction in 
cost per kilowatt. This would have a particular appli¬ 
cation where equipment is to be installed in a vacant 
space in an existing building or where it is demred to 
increase the ^pacity by replacing equipment in an old 
plant which is strategically located in the distribution 
system. 


*jBA8C-C0>T PCT JOE OP 39,000 KW.ywtT 
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SIZE OF UNIT-KW. 

PiQ. 3 ^PjBB Cbnt RaBuonoN in Cost of Single Shaft 
Ttobo-Gbnbbatob Units Dbsignbb fob 1,000 Lb, 776 Dbg. 
FahBr Stbam Rbhbatbd to 776 Deo. Fahr. 

• 

The reduction in floor area has assumed importance 
not only from the standpoint of building and land 
valrm but ^m the resulting reduction in cost of much 
of tire piping and auxiliary equipment. In order to 
the floor area some of the modem di>aignfl 
to the v^cal compounding of unite as typified 
by the Central Powered light Company and 
the Pacific and Electric ComJJany w^iere a high 
pressure torbrne and generator are mbunted on top of 
a low-pressure generator. By such means and by the 
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increase in the maximum size of turbines from 50,000 
kw. in 1920 to 200,000 kw. at present, the floor area has 
been reduced fix>m an average of 42 sq. ft. per installed 
kilowatt to less than half tliat area. 

T 3 q>ical of this trend are the Ford Comi>any in which 
a 110,000-kw. unit is to be installed where one 12,500- 
kw. unit is being removed; the Hell Grate Station of 
The United Electric Light and Power Company where 
two 160,000-kw. units have been installed in the space 
derigned for two 35,000-kw. units and the Hudson 
Avenue Station of The Brooklyn Edison Company, Inc., 
where two 160,000-kw. units have been purcha^ for 
the space designed for two 50,000-kw. units. 

Along with the increase in size of tobines the weight 
per kilowatt including the generator has been reduced 
in the past ten years from about 28 lb. to 15 lb. 

The curves in Figs. 1, 2, and 3 will give an indication 
of the trend toward lower costs with increased size of 
turbo generators and boilers per unit of capacity. 
Figs. 1 and 2 represent respectively cost trends for 
turbo generator and boiler units designed for 450 lb. 
pressure and 775 d^. fahr. total temperature. Fig. 3 
is representative of a compound single-shaft turbo 
generator where the initial steam condition would be 
1,200 kw. and 775 deg. fahr. total temperature, with 
steam bled at 400 lb. and reheated to the initial tem- 
I>erature. 

Along a line totally different from the selection and 
arrangement of equipment, and also for the purpose of 
reducing the cost of power generation, has been the 
cooperative interconnections adopted in the last few 
years between steam-electric stations and industrial 
plants. The latter in some cases require lai^e quanti¬ 
ties of steam imder conditions that may or may not be 
suitable for the supply of power necessities; in other 
cases the industrial plants may have the disposal of 
byproduct fuel either solid or gaseous. It has been 
found advantageous to both parties in a variety of 
industries to arrange both electric and steam inter¬ 
connections whereby power and steam are generated 
in the most economical fashion, and the fullest benefit 
derived from diversity in power, steam, and byproduct 
conditions. In many instances the electiic plant 
supplies both steam and electricity, requiring certain 
modifications in the standard fe^ water S 3 rstem. 
Recent literature has described sudi arrangements at 
Deepwator, New Jersey, Rochester, New York, Toledo, 
Ohio, Baton Rouge, Louisiana, Mobile, Alabama, and 
Cedar Rapids, Iowa. 

Factors ai Present Determining Maximum Size of Boilers 
and Turhims 

While large unit size turbo generators reduce the cost 
per installed kilowatt they sometimes represent a 
greats: capital charge for res^e capacity.. A check 
of available published information regarding peak 
loads and 4nst^ed cai&city in fourteen large central 
station ssrstems indicates the foUowing reserve capacity 
in per cent of thp total installed: 


Four systems were between 30 and 36 per cent. 

Seven S 3 ^ms were between 20 and 30 per cent. 

One system was about 17 per cent. 

Two were less than 10 per cent. 

The same published information indicates that the 
two sj^ms having the smallest reserve capacity have 
a substantial percentage of purchased power, so that 
it is very probable that actual reserve capacity would 
be materially increased by available spare capacity 
through interconnection. In one of these systems, 
wbwe the per cent of reserve capacity is the greatest, 
it is known that the generator capacity reported on 
was not all av^able at the time the tabulation was 
made, since the boiler capacity in one of the principal 
plants limited its capacity to a point considerably be¬ 
low the generator name plate ratings. The selection 
of the very large units in some of the recent develop¬ 
ments may have been due to a program of interconnec¬ 
tion or expanrion which it was estimated would occur 
within a few years following the installation of the 
new machine. 

Allowance must be made for the loss of the Impest 
\mit during operation and also for the possibility of its 
bring out fear repairs. If, therefore, units are pmchased 
out of proportion to the size of the system th^e is 
likriy to r^ult an over-all economic loss. Large units 
show betta* performance at comparatively heavy loads. 
Due to tihe system reserve requirements it may be 
necessary to operate at a relatively light load where 
the economy is poorer. Even the smaller units operat¬ 
ing may be affected the same way from the fact of the 
larger units being on the system. With large units 
tiie total amount of auxiliary powm" requirements for 
any pven systmn output will also be increased at low 
^Tstem loads. With a large unit carrying heavy load 
a greater system disturbance would result if the unit 
should suddenly trip out. Other things being equal 
the time required for starting a large unit is greato* 
than for one of smaller size. 

Transpoitation difficulties for damaged parts, a 
longer time necessary for repairs, and larger floor area 
necessary for dismantling are some of the factors which 
must be weighed against the Iowa: unit investment and 
lower labor charges. 

Turbine manufacturers have indicated that up to. 
200,000-kw. capacity in single shaft machines would be 
feasible. By compounding on multiple shafts the 
limits, of course, would be considerably higher. One 
of the limiting features in rize would be in connection 
with the generator and here the use of double windings 
or raising the voltage will offer a partial solution of the 
electrical problans. 

The limitations to the building of large boilers are 
more structural tiian economic. Since at preset larger 
capacity is concentiated in ringle turbines than in 
sins^ ItoiloB the problem of boiler res^e is of less 
importance. Also the experience with pulverized furi 
boUers having capacities in the meighborhood of 
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1,000,000 lb. of steam per hour indicates an availability 
factor during demand periods approaching 100 per cent. 

Large boilers have an exceedingly flat efficiency cxirve 
and can be operated at relatively low loads at efficiencies 
equal to that obtainable &i>m boilers of smaller aze. 
The parts involved in boiler construction are small and 
do not involve any transportation problems. 

Rehabilitation of Existing Steam Plants 

Many studies are still being made by steam station 
designers to increase station capacity by means of 
improved thermal cycles using higher temperatures and 
pressures, but not much actual revamping has taken 
place in the past year or so because of the falling off in 
power station demand and construction. Then again, 
while many studies of rehabilitation have been made, 
all recoit improvements in steam station design have 
been quite broad in their application involving con¬ 
siderable major equipm^t. Glenerally speaking, wh^e 
there has been a demand for increased capacity it has 
been for such large increments that invariably more 
consideration is given to the building of new stations 
with umts of large capacity than to some modification 
of existing generating facilities. 

Some steps looking to improved steaming have bear 
taken, such as the installation of water-cooled walls 
frequently combined with pirlverized fuel firing with 
resultant greater output from the same boiler; also, the 
installation of air-heaters resulting in a reduction of 
stack losses. Recent studies made on binary cycles 
indicate that improvements in efficiency can be mn/j o 
in old plants employing old boilas. 

The important recent developments of interest to 
steam station designers both in the United States Jtod 
abroad which will, no doubt, in the future have a great 
ittfiuence on rehabilitation, ^ve been; 


Reduction in Operating Costs of Steam~Electric Plants 

The production of electricity from steam central 
stations has developed so remarkably in the last decade 
that it seems fitting in this report to review the progi'e.eiS 
that has b^ made dtiring this time. 

The average unit production cost has decreased 
about 50 per cent. The heat consumption per kilowatt 
hour has been reduced from about 30,000 B. t. u. in 
1920 with a best record of 18,000, to an average of 
18,500 B. t. u. in 1930 with the best record approxi¬ 
mating 12,500 B. t. u. This is for stations using steam 
only. The mercury steam cycle installation at the 
South Meadow Station of the Hartford Electric Light 
and Power Company reports an average heat consump¬ 
tion of around 10,500 B. t. u. per Icw-hr. 

The progressive increase in the size of turbo genenitor 
and boiler units together wth the improvements that 
have resulted in the reduction of supervisory require¬ 
ments have brought about a constant decrea.se in labor 
costs. Great improvement has been made in control 
equipment with the consequent extension of the scope 
of sup^vision of individual operatoi-s. 

Boiler maintenance costs have been reduced by the 
use of cooled furnace walls and from the studies by 
engineer of the effect of operating conditions on main¬ 
tenance, with a consequent increase in availability 
of equipment. 

Allocation of the load to various stations of a system 
on a basis which gives a minimum combined cost for 
each momentary change in load demand and at the 
same time taking into consideration the effect of loading 
on the maintenance of equipment, losses incidental to 
starting and labor costs, has brought about a great 
reduction in operating costs. 

For example, for any particular load demand on the 


a. The instaUation of a 10,000-kw. mercury turbine 
in the South Meadow Station, Hartford, Connecticut. 

b. The installation of hi^-pressure steam (750 Ib.- 
2,800 lb.) units at Langerbrugge Power Station in 
Belgium. 

c. The construction of new peak load plants in 
Germany of low pressures. 

d. The construction of heat storage plants in 
Germany. 

^ Rath^ than follow these lines of securing an increase 
m capacity and improvem^ts of economy by changes 
m old stations, the trend in American practise is, with 
a few exertions, more along the lines of building new 
efficient high-pressure steam plants and utilizing inter¬ 
connections to a greater degree for permitting the 
operation of the new stations at hijh capacity factors 
on base load, and retaining the older less efficient 

ample interconnections, 
^dition of new capacity at old load centers is not often 

advantageous, every- 
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the various stations which will give the lowest combined 
cost for the system. The determination of this equip¬ 
ment set-up is inade by grouping various combinations 
of units at the different stations through the use of co.st 
input-load output and incremental cost characteristics 
of the units. 

These cort input-load output and incremental cost 
characteristics are computed from tests on the equip¬ 
ment and it is very importarit that these tests be* 
obtained with* a high degree of accuracy. An operating 
factor based on a knowledge of the performance of the 
umt under normal conditions of operation is ap{»lie<l 
in order to ob^n the tirue normal operating character¬ 
istic of the umt. The amount of equipment and loca¬ 
tion of equipment operating at the various stations 
must in aU c^ coifform to the standard system opera¬ 
tion reliability, which takes into consideration such 
factors as physical layout, storms, voltage regulation, 

and protection of the load. 

Witt the determimtion of the amoimt of> equipment 
operating at the various stations any change in system 
demand will be made on the basis of the station incre- 
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mental cost curves for the equipment operating to a 
point at which it becomes more economical to operate 
on another set-up. This method of loading for every 
momentary change in demand gives a minimiun cost 
for all ranges of load, limits the number of units operat¬ 
ing to those required for economy and reliability, and 
results in a greater utilization of the more effident units. 

In the case of one large power S 3 rstem during the last 
year the generating capadty of the system was increased 
about 2 per cent whereas the output delivered by the 
newer units was raised 13 per cent. As a matter of fact 
on that system during the year 1930 considerably more 
kilowatt hoxirs were generated than in 1929 at a total 
production cost lower than that of 1929. 

Table I shows the actual operating results obtained 
from several different t 3 ?pes of stations. The low heat 
rate obtained by Station A indicates the possibility of a 
greater adoption of the maxiury steam turbine in the 
near future. 


eftr 

River Rouge plant starts operation this year of the 
very interesting steeple compound 110,000-kw. turbo 
generator. The initial steam condition is 1,200 lb. at 
750 deg. fahr. live steam reheaters will raise the 
temperature of exhaust steam from the high-pressure 
element to 560 deg. fahr. at 80 lb. absolute pressure 
before it enters the low pressure element. Of particular 
interest is the fact that this new machine is installed in 
space originally occupied by two 12,600-kw. turbines 
and suffident space will remain for the addition of a 
second 110,000-kw. unit of the same type at a later 
date. Two boilers, each having a maximum steam 
capacity of 700,000 lb. per hour, will serve this turbine. 

The Port Washington plant will have one boiler of 
690,000 lb. of steam per hr. to operate at 1,300 lb. pres¬ 
sure and initial and reheat steam temperatures of 825 
deg. fahr. 

In the realm of boilers for pressures above 1,400 lb. 
there has been no development except in that of size. 


TABLE I—RECENT OPERATING RESULTS 


Station 

Pressure Ib./sq. in. 

Temperature 
deg. fahr. 

Cycle 

Load factor 
per cent 

Period 

Heat rate 

B. t. u./n t kw-hr. 

A. 

. 70. 

.884. 

... .Mercury. 


.. .Dec.-Peb. 1930.. 

.10,180 

B. 

.1200. 

350 

.750. 

_Hehoat regenerative. 

.72.0. 

.. .Oct. 1930. 

.13.910 

O. 

. 000. 

.726. 

... . Reheat regenerative. 

.66.6. 

...Dec. 1929. 


D. 


.760. 

_Reheat regenerative. 

.52.0. 

.. Oct. 1930. 

.14,091 

B. 

. 000. 

.725. 

_Reheat regenerative. 

.71.5. 

. . .Oct. 1980. 

.14,681 

J*. 

. 000. 

.730. 

... .Reheat regenerative. 

.62.7. 

.. .Peb. 1930. 


a. 

. 400. 

.726. 

_Regenerative. 

.64.8. 

.. .Oct. 1930. 


H . 

250 

.700. 

.... Regenerative. 

.69.3. 

.. .Oct. 1930. 



Technical Developments in Steam-Electric Plant Design 

The seven high-pressure stations described in the last 
report have been in operation long enough to confirm 
the results expected from them. Excepting continuing 
trouble with boiler feed pumps in some of the plants, 
no unsolved difficulties have been encountered. The 
more prominent additions to the list of high-pressure 
plants within the past two years have been the State 
Line plant near CUcago, the River Rouge plant of the 
Ford Motor Company in Detroit, and the Port Wash¬ 
ington plant of the Milwaukee Railway and light 
Company. 

State Line plant, desaibed in previous reports, was 
placed in operation in 1929 with a sin^e three-element 
turbo-generator unit of 208,000-kw. capadty. The 
initial steam conditions were 630-lb. pressure and 730 
deg. fahr. The extension to the plant now imder con- 
stiiiction includes two sin^e shaft units of 150,000- and 
126,000-kw. capadty respectively. The steam con¬ 
ditions will be L200 lb. and 825 deg. fahr., using boilers 
fired with pulverized coal from unit type mills. An 
interesting feature in connection witii the turbines will 
be the reheating of steam from the high-pressure cylin¬ 
der to 825 deg. fahr. at 400 lb. pressure, and its reintro¬ 
duction into the bigh-pfessure cylinder for expansion to 
the cross-ov^ pressure of 15 lb. absolute. Reheating 
will be done in boilers of the reheat t 3 ipe. 


The Benson and Loeffler boilers are now being built in 
Europe in capadties above 100,000 lb. of steam per 
hour; three Loeffler boilers, each with a designed output 
of 150,000 lb. of steam per hour at 1,850-lb. pressure 
and 932 deg. fahr. have recently been ordered for a 
plant in Czechoslovakia. The Benson boiler in use at 
the Langerbrugge plant in Belgium produces 220,000 
lb. of steam per hour at 2,270-lb. pressure. An exp«i- 
mental boiler to operate at 3,200 lb. pressure, being 
installed at Purdue University, will be the first at that 
pressure in America. Boilers for 1,800 lb. pressure to 
supply steam to two 6,400-hp. triple expansion en^nes 
are now in course of erection at the Philip Carey plant 
in Cincinnati. The design of European types of high- 
pressure boilers was reviewed in the 1929 report. 

There is some evidence that the average steam 
temperature in large power plants in this country has 
increased slightly during the past two years, and the 
rnaTimnin temperature in use is now considered to be 
approaching 800 deg. fahr. The Langerbrugge plant 
in Belgium has operated at a temperature of 850 deg. 
fahr., for 4^ years and in general there is more of a 
tendency to use extremely high temperatures in Europe 
than in this country. In certain respects modem 
European boiler designs lend themselves to the genera¬ 
tion of high temperature steam, and the practise of 
multi-barrel turbines, common i» Europe, is also 
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adaptable to its use. In the United States the Detroit 
Edison Company has recently put into operation a 
10,000-kw. turbo generator at its Delray No. 3 plant, 
designed to use steam at 1,000 deg. fahr. At the present 
time the turbine is operating on steam from the station 
main under 400 lb. pressure and at 750 deg. fahr. For 
high temperature operation the supply steam'wiD be 
passed through a separately fired superheater using oil 
for fuel. The steam main between the superheater and 
turbine is provided with several types of pipe joints, 
and other arrangements have been made to note the 
effect of the high temperature upon the piping, turbine, 
and superheater, so that the installation constitutes in 
reality a full scale experimental investigation. 

During the past two years the mercury vapor boiler 
and 10,000-kw. twhine installation of the Hartford 
Electric light Company has been perfected to the point 
where it was available for 82.3 p«- cent of a period cover¬ 
ing 7,520 hours. Excluding causes arising from the use 
of mercury, the installation would have been available 
95.1 per cait of the time. The average thermal rate 
was 10,310 B. t. u. per net kw-hr. Of the total energy 
generated, 42.5 per cent was produced by the mercury 
turbo generator, and the remainder by the steam 
formed in the mwcury condenser. 

As a result of the experience at Hartford, mercury 
vapor units of 20,000-kw. capacity each are bring 
planned for the Kearney plant of the Public Service 
Corporation of New Jersey and for the power plant of 
the G^eral Electric Company at Schenectady. The 
latter installation and an associated steam boiler will be 
one of the first outdoor steam plants. The mercury 
vapor pressure will be increased to 125 lb. per sq. in. 
in fhese new units, and it is ecpected that a tharmai 
rate of 8,800 B. t. u. per net kw-hr. will be secured at a 
load of 20,000 kilowatts on the mercuiy l^bine and 
with the power devrioped from the 240,000 lb. of steam 
pa' hr. produced at 400 lb. pressure in the mercurv 
condenser. 


r^nilting TOm causric embrittlanent have 
the desirability of boila drums without seams. Forged 
drros have been used exclusively for the 1,400-lb 
boilos, and lately hamma^rwelded drums for medium* 
pressure boilers such as the four drum boilers in the 
r Station of the Duquesne light Company 

m Pittsburgh ^t operate at 400 lb. pressure. The 

<*™ma have been 

J^cariqns for Fusion Welding of Drums or Shells 
published in the March 1931 
SL? Engineering, The Bofler Con- 

Pot at present peimit fv^on welding 
stnicture is dependent 

b^ made of 
‘ ^ ^ I^7a and Hdl 

:;^t wae desaibed in the 
^e East River plapt 



has shown that loads can be carried on the boilers there 
considerably in excess of the expected capacity. A unit 
generation of 1,250,000 lb. of steam pa hour has been 
maintained, the actual operating limit being met in tlie 
capacity of the steam piping leading from the boiler 
unit. A boila of 1,000,000 lb. per hr. capacity was 
recently installed in the Blips Bay plant of the New 
York Steam Corporation on a floor area originally 
allotted in 1926 for a boiler of half the output. These 
large boilas are in reality twin-set boilers having two 
ind^adent wata circulating ssmtems and steam up¬ 
take connations, located over a common fxuuace. 
The largest single boila to date has a capacity of about 
600,000 lb. of steam pa horn*. 

The installation of boilers of large capacity has 
focused the attention of opaating and designing engi¬ 
neers upon the problem of boiler availability. Al¬ 
though in most plants the number of boilers still exceeds 
the numba of turbo generators, boila outage in many 
cases impairs to some extent a plant's generating 
capacity. Protation of tiie furnace walls with water 
cooling surface, improved reliability of the coal feeding 
and burning equipment, as well as of the ash handling 
app^tus, inaeased attention to the details of the 
auxiliary apparatus, and correct boiler water conditions, 
have resulted in numerous instances of boiler avail¬ 
ability equal to that of turbo genaators. The first 
statistical study of this subject on a large scale was 
direct^ in 1929 and 1930 by Mr. C. F. Hirshfeld of this 
Committee, and was published in Tro/nsoctions, 
A. S. M. E., Vol. 52, No. 27, p. 265. The data compiled 
covered only a y w and there were several other reasons 
why the statistics were necessarily inconclusive, but 
they seemed to indicate that the details of design and 
cons^ction and opaating skill are more important in 
obtaining hi^ boila- availability than such matters 
as rate of output pa umt of sui-face, t3q>e of fuel, and 
method of firing. The avoage availability factor 
appeared to be betweoi 84 and 90 per cent. 

During the period bring reviewed, the point of major 
technical interest in connection with the pulvoized 
coal method of combustion has been the long-time 
comparisons in the same plant of the unit and bin sys- 
terns. No generally accepted opinion regarding their 
moits has been reached. Both systems were installed 
m the Deepwata plant. New Jersey, whae it has been 
reports that the unit method of firing gave a higher 
^rien^ but a Iowa reliability. Otha comparative 
have been recently published for central stations 
m Chicago and St. Louis. 

l^erimentation has continued with tiie slag tap 
type^of furnace for pulverized coal firing, and its use 
has be^ octended. The major difficuHy has been the 
gradual e^sion in a horizontal plane of the furnace 
flwr, wi^ wnsequent bulging of the furnace walls. 
This results from penetration of the hearth bed by the 
molt^ slag, throi^ cracks fomied-when the furnace 
IS cooled dining boila shutdowns. 

The riz4 and t(Aal fuel burning <?ap8<»^ of tmderfeed 
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stokes continue to increase, and steam outputs per 
boiler of 600,000 Ib. per hr. are now possible with 
stoker firing. There has been only a foot increase in 
the maximum width of stokers in the last ten years, 
but the length has been increased from about 13 ft. to 
26 ft. 7 in. The largest underfeed stoker in this country 
is now being installed in the Hudson Avenue plant of 
the Brooklyn Edison Company, and will be 26 ft. 7 in. 
long by 26 ft. wide, with a grate area of 694 sq. ft 
Stokers of this size have been made possible by extensive 
cooling of the* furnace walls by water cooled surface, 
improved coal feeding and distributing mechanism, and 
betto* control of the air distribution to the sev^al parts 
of the grate surface and ash pit. In come cases auto¬ 
matic control of the air distribution has be«i installed. 
Rotary ash dischargers are almost standard for the 
larg^ size of stokers. 

Although the fuel burning capacity of stokers pa* foot 
of width has been greatly increased, there has been no 
increase in the rate of combustion po* square foot of 
total grate surface, which is limited by the possibility 
of clinkering and the blowing of coal horn the firebed. 
Neither has there been any modification of the fact that 
the combustion rate depends upon the type or burning 
characteristics of the coal binned. Maximum rates of 
60 to 70 lb. per sq. ft. for 10 hour periods have beoi 
maintained with good quality eastern coals; 50 to 60 lb. 
with coals from the central field. Slack coal reduces the 
max'mum rate to the neighborhood of 40 lb. per sq. ft. 
With all coals an increase in the combustion rate results 
in an increased loss from incomplete combustion, cin¬ 
ders, soot, ash pit, radiation and unaccoimted for losses, 
in some reported tests these losses reaching a value of 
20 per cent. 

The limiting temperature for preheated air with 
underfeed stokers seems to be in the neighborhood of 
360 to 400 d^. fahr. Although some installations have 
attempted to use higher temperatures, it has been 
found that the stoker mmntenance has been adversely 
affected. 

The installation of large turbo generators has con¬ 
tinued although no units have been projected larger 
than those mentioned in the last report. The largest 
machines now on order are two 160,000-kw. units for 
the Hudson Avenue plant of the Brookl]m Edison 
Company. It is noteworthy that all of the turbo 
generators except one, that are now on order in sizes 
greatifsr than 100,000 Mlowatts, are of tiie tandem com¬ 
pound type. The exception is the 110,000-kw. high- 
pressure vertical-compound machine for the Ford 
Motor Company. The developmoat of generators of 
large capadty was an essential to the use of tandem- 
compound turbines. 

The record in capadty for ein^e cylinder turbines 
(grating at 1,800 rqv. per min. is now carried by two 
80,000-kw. turbo generators in the Charles R. Huntiey 
station of tiie Bi2Salo General Electric Company. 
Steam supply to these units is at 436 lb. and 750 d^. 
fahr. 


In the field of high-speed turbo generatora, ginglo 
cylinder condensing units are now in operation in the 
United States up to 10,000-kw. at 3,600 r. p. m., and 
tandem-compound units at the same speed up to 
16,000 kw. A 15,000-kw. single-cylinder condensing 
unit of English manufacture has recently been installed 
in Canada and the C. A. Parsons & Company are willing 
to build angle-cylinder units of 26,000-kw. capadty 
to operate at 3,600 r. p. m. 

Intenave study in turbine design is bang mnHo in 
connection with the use of higher steam tempoatures. 
This problem as well as that of blade erosion is a matter 
of metallurgy, and the developments to date indicate 
tiiat it will soon be possible to operate turbines at 
initial steam pressures above 500 lb. without the 
necessity of reheating. At the present time a 60,000- 
kw. unit has been built to use steam at 650 lb. and 826 
deg. fahr., and illustrates the simplification and turbine 
arrangements that will be possible whoi higher 
temperatures are available. 

High-Voltage Generators 

There has been a significant demsmd for geno'ator 
umts of huger and larger capadties, and while tins 
possibly been the condition since the banning of 
power station construction it appears to advsmce by 
periods with the most recent one occurring within the 
past five years. With an increase in generator capacity 
the designing engineers have been faced with tiie 
problem of providing suitable and reliable insulation, 
conductors, supports, and terminals both internal and 
external to the madiines. Machines of larger capadty 
for a given voltage mean greater currents. Greater 
curroits mean larger conductors, and consequoitly 
greato* wdghts to support normally and greats stresses 
to provide for at times of short circuits. With the 
greater currents otiier external difiiculties also arise, 
sudi as the provision for the installation of large cables 
if the power is taken away in underground cables, the 
reduc^ carrying capadty of the cables if many are 
required in restricted spaces, and the provisions neces¬ 
sary to nullify the effect of ^e sheath voltages. Con¬ 
sequently tiiere has been a very natural trend to higher 
generator voltage and to multiple-winding machines to 
reduce the amount of current per conductor. 

Unless it is necessary to condder generation at a 
pre-established voltage and tiie distribution problons 
connected tixerevdth, in otiier. words, if generation 
alone, is to be considered, tiie most economical voltage 
usudly inoeases slii^tly witii tiie increase in the size 
of the unit. From the generator manufacturor’s 
standpoint, for goierators of 100,000 kw. or more, 
voltages in the neighborhood of 16,000 to 18,000 volts 
are reported to result in the most economical design. 
In some instances, economics dictate machines within, 
this range of voltage with transformers for stepping up 
to the desired transmission voltage, so tihat, where the 
generator voltages are not wdl established, it mig^t be 
said that for machine above 1Q0,000 kw., the present 
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trrad is toward the use of multiple-winding madiines 
with transformers or auto-transfonnas, rather than to 
higher voltage machines. The trend will no doubt 
continue toward multiple-winding machines until the 
point in capadty is reached when it will prove more 
economical to increase the voltage. 

Some attempts have been made to standardize on 
generator voltages above 13,800 volts, but since the 
introduction of successful multiple-winding machines, 
the study and demand for higher standard voltages 
has not been so insistent, and may be said to be dormant 
for the time being. In other words, the double-winding 
design has made it posdble to increase the capacity 
without increasing the voltage, and to postpone the 
day when it will be necessary to go to higher voltage. 
It is not at all unlikely that in the future, generators 
will be built with more tiian two windings. The 
principal diflSculty with more than one winding, is in 
finding sufficient space at the terminals of the machine 
windings, to install potheads and make connections 
with satisfactory clearances. 

Within the past three years there have been install^ 
ill the territory adjacent to Chicago, and thare are now 
in operation, seven 22,000-volt generators with a com¬ 
bined generating capacity of 474,000 kw., ranging in 
size from 52,500 kw. to 105,000 kw. Additional 22,000- 
volt generators totaling 432,000 kw., and one 18,000 
volt, 115,000-kw. generator are on order for this 
tOTitory, to be installed during the years 1931-1932. 

Outside of the above there have been but fom* 
steam-driven generators placed on order or installed 
recently in tiiis country for voltage ratings above 
13,800 volts, namely: 

Two 160,000-kw., 16,500-volt units for the Brookl 3 m 
Edison Co., and 

Two 94,000-kw., 16,500-volt units for the Southern 
Califoniia Edison Company. 

Abroad, the outstanc^g recent high-voltage installa¬ 
tions which will be watched with considerable interest 
are the two 88,000-volt, 25,000-kw., 3,000-r. p. m. gener¬ 
ators at Brimsdown, England, and the 36,000-volt, 
25,000-kw., 3,000-r. p. m. generator at Langerbrugge, 
Belgium. 

Switch Simctmes, Smtehing, and Control 

The houang of major switching in both congested 
and.open localities is receiving much study, particularly 
new installations, because of the advent of metal-dad 
switd^ear. Th«e has been a marked increase in and 
tr^d toward the use of metal-clad switchgear in place 
of indoor cdl type and outdoor opai type bus structures. 
Many hundred indoor and outdoor type metal-dad 
combmed switch and bus units of American design are 
now in service, some with mr and some with oil-filled 
metal endosed bus compartments. 

The first installation in this country, and possibly 
in the world, of Wgh-voltage outdoor metal-dad switch- 
gear was the 33rkv, substation of the Public Service 
Company of Northern Illinois, at Wheaton, Illinois. 


This been in service since March 1928. Since then 
there have been many other installations which em¬ 
body improvements in design and manufacture. This 
type of switchgear can now be obtained in practically 
all capacities for which circuit breakers have been 
developed, induding 132 kv. One 132-kv. installation 
is now being made. The earlier large units involved si 
considerable amount of fidd assembly. The latest 
designs permit complete factory assembly and testing 
of very large capadty units, such as a full double bus 
section for one circuit, complete with instrument trans- 
formmiB, buses, etc., for breakers of 22-kv., 3,000- 
amperes, 2,600,000-kva. interrupting capacity. These 
units are shipped completely assembled and oil filled 
thereby entailing a minimum of field assembly and 
installation work, and avoiding the necessity of drying 
out, reconditioning, etc., by purchaser. 

In the case of seva*al generating stations it has been 
found that an outdoor oil-filled metal-dad switchgear 
structure could be installed cheaper than an isolate<l or 
separated phase indoor cdl structure if the cost of the 
buUding is taken into consideration; in some cases a 
saving as high as 20 per cent has been indicated. Other 
companies report the reverse where installation condi¬ 
tions are different. One company has proved by actual 
cost data that for 33-kv. substations the total over-all 
cost of metal-clad outdoor switchgear erected and 
ready for service, compares favorably with that of the 
conventional open type formerly used. This latter 
comparison, however, would not yet hold for all condi¬ 
tions and localities. 

Additional advantages to be gained from complete 
factory btiilt equipment are the saving in space, the 
salvage value in case of replacement or rearrangement, 
and the much greater safeguards to operators and 
service. 

There is a grovTing demand for faster operation of 
circuit breakers in case of fault. The manufacturers 
have made considerable progress toward meeting this 
condition in the design of circuit breaker operating 
mechanisms and contacts and methods of extinguishing 
the arc as well as in the high-^eed relay designs. Tests 
have shown repeated operations where the arcing time 
was as low as one to two cycles. Liarge breakers are 
now available with a conservative over-all time rating 
of eight cycles. In view of these developments it is 
quite possible a more severe duty cycle than the 2-OCO 
may be considered for the rating of oil circuit 
breakers. 

The interest indicated in locating equipment out¬ 
doors is not confined entirely to switchgear. There are 
a few instances where large rotating imits have been 
installed outdoors^ and the subject is being given much 
study. 

There has been an increase in the tendency toward 
the use of steel switchboard panels and the use of 
hinged panels or cubicals. The d^irability of smaller 
switehboards in the larger power stations and sub¬ 
stations is also receiving attention. -Various attempts 
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have been made to use miniature equipment, and a 
smaller number of items, and combination units of 
instruments and relays. At the same liihe there is a 
growing demand for more relays and instruments for 
one purpose or another. The supervisory systmn of 
control seems to be arousing more and more interest as 
a means of condensing or consolidating the control of a 
large number of drcuits within the convenient reach of 
a nngle operator. 

The so-called distance rela 3 rs are becoming more 
popular. The* automatic S 3 mchronizing, automatic 
frequenQT, and automatic load division control are 
receiving more attention. Although the first has been 
available for a numb^ of years, the latter are more 
recent developments and it is quite possible that the 
demand for both may grow. 

If the predictions indicated in recent aimouncements 
with reference to vacuum tube devdopments, such as 
the “thyratron,” may be anticipated, we are about to 
see some very wonderful and radical changes in the 
entire scheme of station control, switching, trans¬ 
formation, transmission and control station detign in 
genmil. To what extent and how rapidly this may 
take place is at present problematical. The possi¬ 
bilities we must admit, however, are tranendous. 
Already there have been some novel commercial appli¬ 
cations and very promiting laboratory tests extending 
over a considerable period. 

A new type of adjustable-speed control for a-c. motor 
drive is now available, permitting practically a straight 
line speed curve with infinitely small steps from zero 
to maximum. The drive can be installed at neatly the 
same cost as the drives previously used. The method 
of control permits high effidency which in some cases 
shows a considerable saving over any other type of 
control. The drive will maintain constant speed 
regardless of load, is simple, permits the use of standard 
electrical design features, and to a considerable extent, 
standard machine parts. To date the service applica¬ 
tions have been confined to boiler draft fans and boiler 
feed pumps, but the drive is adaptable to many other 
service where fine speed adjustments, and simplicity 
of operation with high effiden< 7 , are important factors. 
Thirty-five of these equipments were ordered in 1930, 
some of which have now been in service for several 
montiis. For those who are not familiar with the 
“Rossman Drive” system it may be of interest to state 
it copsists primarily of an induction motor of standard 
design, except that the mechanical construction is 
modified to permit what would be the stator to revolve. 
This revolving stator is connected by texrope or other 
means, to a smaller standard d-c. machine fed from a 
standard motor-generator set or other d-c. source. 
The speed of the small d-c. machine is controlled by 
adjusting the voltage impressed on its armature by 
the gen^tor of the motor-genarator set. This may 
or may not be supplemented by field control. By 
varying tiie speed and direction of rotation of the d-c. 


machine, the load may be driven at any speed within 
the design range. 

Factors at Present Affecting Hydroeleetrie Devdopment 

The increasing attention directed to the large-scale 
hydro developments on the Colorado and St. Lawrence 
rivers by governmental agencies is perhaps a new factor 
influencing the trend of hydroelectric installations. 
At the same time the federal waterpower licensing poli- 
dies are being questioned and subject to criticism by 
both private and political interests, and both have been 
coincident with severe drought during the past two 
years in many parts of the coimtry. The complemen¬ 
tary value of hydro and steam power sources on ss^tems 
supplied mainly by hydro has been fully realized, and 
the principal hydroelectric systems on the Pacific Coast, 
in the southeastern states, in New England, and in the 
vicinity of Niagara Falls, have either put into operation 
during the last two years steam plants of large ultimate 
capacity or have affected large capacity ties with exist¬ 
ing steam plants in adjacent territory. The recent 
availability of low cost gas and oil fueJs in the West, 
and the advances made in the thermal efficiency of 
large boilers and turbines, combined with their attrac¬ 
tive investment costs, are causing a pronounced pre¬ 
dominance there of steam-electric installations that will 
continue for an tm^own period. In the East and 
South the necessity of steam reserves for low-flow 
periods has accelerated steam expansion programs. At 
Niagara the entire water diversion permitted under the 
existing treaty is utilized and the load growth neces¬ 
sarily must be assumed by steam generation. 

Type of Steam Plants on Hydroeleetrie Systems 

A marked simUarity in certain design features is 
noticeable in all of the new steam plants supplementing 
power systems hitherto dependent upon hydro genera¬ 
tion. Gas and oil are the outstanding fuels in the 
West, while in the East pulverized coal exclusively is 
fired. Boiler capacities range from 400,000 to 550,000 
lb. of steam per hr. at pressures between 425 to 475 lb. 
per sq. in. with the exception of one plant on the Pacific 
Coast operating at 1,300 lb. per sq. in. Turbine capac¬ 
ities vary from 40,000 kw. up to 100,000 kw., and one 
to three boilers are installed per turbine, the usual 
niunber being two. The selection of pulverized coal 
firing appears to be made for reasons other than the 
emergency starting of boilers; and in fact extra facilities 
for standby operation of turbines and boilers are pro¬ 
vided in o^y one of the recent plants, which operates 
on a system where steam generation will be a minimum 
yet service demands require continuous availability of 
the steam-electric generator. 

General Features of Recent Hydroeleetrie Devdopment 

No hydroelectric plants of unusual total capacities 
have been put into operation during the past two years, 
althou^ there have been one or two, new records for 
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turbines of lai^e physical dimensions, and the three 
49,000-hp. Francis units in the Waterville plant in 
North Carolina surpass in capacity all previous units of 
that type operating under high heads. An unusual 
construction procedure was adopted for the Chute-a- 
Caron plant on the Saguenay River in Canada. The 
preliminary drawings for the Boulder Dam plant on 
tile Colorado River reveal no unusual features except 
the height of the dam and the contemplated power 
capacity. The Spier Palls plant on the Hudson River 
is an interesting example of rehabilitation and design 
investigation by means of model tests. In fact the 
increasing use of modd testing, and its application to 
the design of the propeller type turbine wheel, consti- 
tote the outstanding technical advance in this country 
in hydroelectric practise during the past two years. 


Notable installations of propeller turbines of the fiToW 
and m an ually adjustable blade types were in operation 
or approaching completion in 1928, and one gniall 
capacity wheel of the automatically adjustable type, the 
E[aplan turbine, was in the course of erection. Since 
1928 there have been nummous installations in America 
of small capacity Kaplan tj^ propeller turbines, that 
have been designed and installed under Buropean 
licenses. The Kaplan turbine was first developed in 
Europe where there are now some large capacity wheels 
in operation. It is essentially suitable for low-head 
developments, being used for heads up to about 70 ft. 
itoopean designs of the fixed blade and Kaplan tur¬ 
bines have been based upon extensive model testing of 
the turbine wheels as well as of the associated inlet 
caidngs and draft tubes. 

One of the principal objects of testing models of 
propeller type wheels has been to determine the limit¬ 
ing conditions of cavitation, for which adjustable draft 
head conditions are required in the test laboratory. 
Cavitation, or the formation of bubbles of vapor and 
air in low-pressure areas adjacent to the runner surfaces, 
causes a drop of wheel efladency, but its most promi- 
nmit effect is the rapid disintegration of the rurm^ 
materia. Cavitation pitting had been encoimtered in 
this country with Francis type vdieds undo* catain 
conditions of specific speed and draft head, and an 
amount of field experience has been accumulated by 
i^ch proper operating conditions can be selected for 
Prahds wheel installations. One of the advan- 
teges of the propeller turbine is the higher specific speed 
that is posrible, but as fidd data were lacking for such 
operation, it was conddered essential in Europe to 
detennine the optimum installation con<fitions in ad¬ 
vance of construction by means of cavitation testing., 
Poflowing such investigations propdl^ turbines of 
recoxd d imen sions, hors^iowm*, and water discharge 
capacity have recently been installed in the Ryborg- 
Sehworstadt and Kembs plants on the Rhine River in 
Europe. Pmtinent data about these pl^ts ate as 
follows: 


.Ryborg-Sehworstadt Kembs 

Type of runner.Kaplan.Fixed blade 

propeller 

Number of units. 4 . 5 

Head in feet. 36. 64 

Turbine rating-horsepower...35,000.36,000 

Water diseharge-cu. ft. per sec.10,500. G^SOO 

Bev. permin. 76 . * 94 

Runner diaaneter-inohes. 276. 220 8 

Cavitation laboratories have been built during the 
past year, one or two in the United States and one in 
Canada, for the investigation of design •problems con- 
cer^g propeller t 3 rpe wheels. The construction of a 
national Federal hydraulic laboratory has also been 
recently authorized; model testing has been done 
extensively at one of the technical coUeges in the 
United States for the design of dam spillways, water 
courses, and turbine settings, and two or three other 
colleges and individual companies have done a certain 
amount of such investigation. The first large plant 
in this country to install automatically adjustable 
blade propeller turbines is now being built at Safe 
Harbor on the Susquehanna River in accordance with 
data obtained from cavitation and wheel setting tests. 
Six turbines having a rating of42,600 hp. each at a gross 
h^d of 55 ft. are being installed initially. The wheels 
will have a diameter of 220 in., a water discharge of 
8,000 cu. ft. per sec. at rated head and output, and will 
operate at 109.1 rev. per min. 

Briefly described the Kaplan turbine consists of a 
propeller, or ajdal flow turbine, whose blade angle is 
controlled by the speed responsive governor that con¬ 
trols the turbine wicket gates. Separate servo-motors 
are piwided for operating the blades and gates, and a 
is used in the governing mechanism to direct the 
movement of the i^unner blades acco^^g to the move¬ 
ment or position of the wicket gates. The servo-motor 
for operating the runner blades forms part of the 
turbine shaft, and is usually located just under the 
gen^ator coupling. The links and crank arms for 
moving the blades are enclosed in the runner hub. 

By automatically maintaining the correct rdation of 
blade^ position to gate opening, the peak effidencies of 
a senes ,of propeller wheels each having the proper 
blade angle for a particular turbine load, are secured, 
with the result that the efficiency-horsepower curve of 
such a turbine is quite flat compared to similar curves 
for fixed blade propeller and Francis turbines, the ’ 
effideiK^ at low loads being materially higher. An¬ 
other feature of the Kaplan turbine is the ov€i*load 
^padty possible by adjustment of the blades, which 
is of particiilar value in times of reduced head during 
high river stages. It is expected that the effidency of 
the Safe Harbor turbines will succeed 85 per cent over 
two-thirds of the load range, and to equal 90 p^ cent 
or better for the third quaiti^ of the unit capadty* 


The 57,Q00^hp. unit recently the Spier 

Palls plant cm the Hudson Rlvd*, 
two distinct te^endes m hydr^d^#!# 
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trating in addition to the use of modd testing as a 
design adjunct, the recognition of the value of an over¬ 
developed plant for supplying peak-load capadty and 
the benefit derived from a storage resource by a run-of- 
river development. At full load the wheel discharge 
is 7,000 cu. ft. per sec., making it the largest fVands- 
type runner to date in this respect as well as in physical 
dimensions. The minimum regxilated fiow of the 
Hudson River at Spiff Falls is 8,000 sec.-ft., and 5,000 
sec.-ft. for 50 per cent of the time. Botii the turbine 
and genff ator approach record sizes in phymcal dimen¬ 
tions, the total weight of the rotating elemmit being 
about 450 tons. The geuffahor stator is 37 ft. in 
diameter, and the diameter of the scroll-case entrance 
of the turbine is 26 ft. The unit operates at a speed 
of 81.8 rev. per min. under a head of 81 ft. Tests of a 
model of the forebay and intake structures enabled 
the best forebay outline to be determined with r^ard to 
amount of necessary excavation balanced against the 
head loss in forebay and intakes. The tests revealed 
that the area of the intake gates could be economically 
reduced 20 per cent, and this was of special value be¬ 
cause the water passages are so large that they gave 
rise to structural design difficulties. It is reported that 
the tests resulted in a saving equal to ten times the 
cost of the tests. 

High Head PUmts 

The WaterviUe plant of the Carolina Power and 
light Company on the Pigeon River in ITorth Carolina 
has an unusually high operating head, 840 to 750 ft., 
for a hydro plant in the eastern part of this country. 
There are three 49,000-hp. reaction wheels in the plant, 
operating at 400 rev. per min. and thff e are of record 
note for their capacity at such a head. The six-mile 
tunnti from the reservoir ffeated by the dam.to the 
power house is unprecedented even in the notable high 
head installations on the Pacific Coast. The use of 
cast steel butterfly valves of 9 ft. diametff under a 
total head of 840 ft. located in the penstocks near the 
power house, has been reported quite successful, and 
is an advmice in the size of such valves tmdff high 
pressure. Johnson valves are also provided in the 
penstocks where they enter Ihe plant. 

The record for large capacity high head Francis 
whetis will shortly be established in the Diablo plant 
of the City of Seattle, whffe two turbines of 90,700-hp. 
capacity each, to operate under a head of 827 ft. are 
bmg installed. The turbines will have cast steel 
scroll cases and conffete elbow draft tubes. 

The record head, however, for Frauds wheds occurs 
in a European plant, the Bringhausen plant in Germany, 
where four 40,500-hp. horizontal-shaft Francis turbines 
are being inst^ed to operate under a head of from 960 
to 1,000 ft. This is a pumped storage developmmit 
mentioned later. 

Large Scale Hydtp Devdojmenle 

The Beauhamois development on the St. Lawrence 
Itiver in Canada is notable for the ultimate capadty 


being planned when the entire flow of the river passes 
to the powff house through the combined navigation 
and power canal connecting two of the lakes on the 
flow line of the river. The initial section of the plant 
will contain ten 50,000-hp. units, to' operate undff a 
head of 83 ft. The final capacity will be 2,000,000 
horsepower. The construction of the canal between 
lakes St. Francis and St. Louis, which will be 15 miles 
in length with a width of 3,000 ft. and a depth of 27 ft. 
is outstanding because of its magnitude rathff than 
any engineering difficulties. 

Another plant that illustrates the scale of devdop- 
ment possible on some of the rivers in Canada is the 
Chute-a-Caron plant on the Saguenay River where 
four 65,000-hp. units have been installed as the initial 
step of the future Shipshaw plant of 1,000,000 horse¬ 
power. The Chute-a-Caron dam will serve to divert 
the river for later construction of the Shipshaw plant, 
but because the head at Chute-a-Caron is only 151 ft. 
as contrasted to that of 205 ft. at the parallel tite, the 
Chute-a-Caron plant will be operated in the future 
only during river flows sufficient to supply both plants. 
The difficulty of construction in the gorge of the 
Saguenay River is thus bdng solved by the step-by- 
step development at the two neighboring plant loca¬ 
tions. The river was diverted in a unique manner for 
the construction of the Chute-a-Caron dam by toppling 
a concrete cofferdam 92 ft. long into the swiftiy flowing 
current, which capsed the flow to pass into an artificial 
channd previously prepared. The action of the con¬ 
crete monolith wei^iing 11,500 tons was accuratdy 
predicted by means of model tests. 

Storage Developments 

The largest hydroelectric plant in New England has 
been recentiy completed at Fifteen Mile Falls on the 
upper reaches of the Connecticut River, in conjunction 
with the first 220-kv. transmission line in New England. 
The plant is dedgned for four 58,000-hp. miits at 175-ft. 
head, and is tiie first development at two nearby sites 
whidi will eventually have a total combined rating of 
300,000 horsepowff. The completion of the second 
plant will create a resffvoir for regulating the river 
flow not only for the plants at fifteen Mile Falls, but 
also for the plants at Bellows Falls and Vernon, farther 
down tile river. The 220-kv. line carries the output of 
the plant to a distributingpointin the vidnity of Boston. 

The Osage plant at B^ell, Missouri, now approach¬ 
ing completion, will contain six 83,500-hp. units oper¬ 
ating imder an average head of 90 ft. Without storage 
tiiis plant would not be feasible since the river flow 
varies from 824 to 110,000 cu.ft. per sec. with an 
avffage of 10,500 sec-ft. The dam create a reser¬ 
voir 95 sq. mi. in area having an impounded volume 
of 87 billion cu. ft., so that the flow of the river will be 
completely equalized witii a draw-down of 80 feet. 
The average yearly energy available will be about 
400 million kw-hr. The Osage plant is also a late 
example of the omission of a superstructure over the 
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generator bay, the station crane having one gantry 
leg while the other end of the crane rests on top of the 
outer wall of the electrical bay which is placed over the 
penstocks between the dam bulkhead and the generator 
bay. Low metal housings are provided over the tops 
of the generators. 

The Saluda storage development in South Carolina, 
described in the last report, was placed in operation 
last year and is notable for its resawoir capacity of 
102 billion cu. ft. 

Outdoor Type Plants 

The omission of the generator room superstructure 
continues both for small plants of a single unit and for 
plants of large installed capacity. Generator designers 
are predicting that the flexibility of design now possible 
with fabricated construction, and the latitude permis¬ 
sible in the layout of auxiliary power and excitation 
systems, will lead to the arrangement of generators to 
coi^orm to the design of the power house, and that the 
logical outcome may be the wider use of outdoor 
generator designs. 


both stator and rotor of vertical waterwheel generators, 
in place of the use of castings formerly standard. Such 
generator construction of welded steel plate is lighter 
in weight, is considered to be more reliable mechanically, 
and is more adaptable to design arrangements. There 
has been an increased use of the umbrella, or overhung 
type of generator rotor, in which by means of down¬ 
wardly curved rotor arms the centerline of the rotor 
rim or pole faces is brought below the horizontal center- 
line of the hub. By locating a combined guide and 
thrust bearing, sometimes of the spherical t 3 T)e, just 
below the rotor hub, a very material reduction in 
over-all generator height is secured. The use of rolled 
steel plates and fabricated construction for the stator 
has also facilitated the arrangement of ventilating 
ductwork in connection with the water tube air coolers 
that are now used very largely for generator cooling. 
Oth» advantages of fabricated plate construction are 
qmcker manufacture and possibility of design for 
shipment without restriction by permissible weights or 
clearances. 


Pumped Storage Plants 

No in stal l ations of pumped storage plants in America 
have follow^ the completion of the Rocky River plant 
in Connecticut, although the use of pumped storage 
continues popular in Europe where electric system peaks 
are of porter duration than in this country. One 
illustration is the Bringhausen plant on the Weser 
River in Germany, now under construction, which will 
contain four combination pump and waterwheel units, 
each consisting of a 40,500-hp. Francis type horizontal 
turbine coupled directly to a 36,000-kva. generator, on 
the other side of which is a clutch for coupling to a 
100,000-gal. per min. pump requiring 29,000 hp. for 
pumping. The plant is connected to an upper reservoir 
at M elevation 1,000 ft. higher by two penstocks 
3,250 ft. in length. The water to be pumped to the 
reservoir amounts to 26,800,000 cu.ft., from which 
500,000 kw-hr. will be generated. Power for pumping 
dunng off-peak hours is obtained from interconnected 
steam plants and other hydro plants on the system. 

The horizontal coupling of a pump and a turbine 
mth a generator and/or motor seems to be the pre¬ 
tend arrangement for pumping plants in Europe, and 
IS m confrast to the Rocky River plant layout of pump- 
^ umte with individual drive motors separate from 
tte mam turbine and generator, all of the equipment 
^g of VOTbcal (gnpe. The Rocky River pumps which 
are toe largest high-head pumps in this country, have 
a volute discharge casing without diffusion vanes, and 
are of the smgle inlet type. On test the Rocky River 
p^^ showed a maximum efficiency of 91.7 per cent: 

of the German 

pumps IS approxuPately 80 per cent. 


* widespread adoption during t 
past two years of febricated steel plate construction 
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Power Transmission and Distribution 

ANNUAL REPORT OF COMMITTEE ON POWER TRANSMISSION 

AND DISTRIBUTION* 


T he Committee has continued with its work during 
the past Vear through a number of subcommittees 
organized as in preceding years. All of these sub¬ 
committees have been very active in studying the 
problems in their respective fields, and in promoting 
investigation work and the preparation of papers for 
presentation before the Institute. The reports of the 
work of the several subcommittees follow. 


SuBCOMBirrrBE on Distoibution 


One of the most interesting developments in connec¬ 
tion with the distribution of electrical energy during 
the past year has been the practical application of the 
network prindple to primary distribution. The econ¬ 
omies and improvements to service which are made 
possible through the adoption of the low-voltage net¬ 
work have been so clearly demonstrated by the geni¬ 
ally satisfactory piformance of tiie many recent 
installations, that a wider application of the principle is 
not surprising. 

At the present time there is being installed a 4-kv. 
primary network in Pittsburg, Pa. This will serve a 
residential district of comparatively low-load density 
which was previously served by an overhead radial 
system. 

The application of the network principle to 4-kv. 
service for such an area requires c»tain radical de¬ 
partures from the designs which have become fairly 
well established for distribution. Since underground 
construction in the areas of low-load density is not 
'usually justifiable from an economic viewpoint, over¬ 
head construction must be used. The primaty network 
deserves earful consideration from the standpoint of 
economy, reliability, and system planning in handling 
loads in areas not readily adaptable to low-voltage 
network distribution. 

The past year has seen a continued application of 
vertical network distribution in large ofiSlce buildings. 
This type of distribution has been used in a number of 
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large cities including New York, Pittsbmgh, and San 
Frandsco. At the present time several features of 
design have not been settled. These features are being 
given consideration and it is expected that with the 
extended application of the vertical network prindple 
a better understanding of them will result. 

The question of secondary faults on low-voltage a-c. 
networks is still being discussed at length. There is a 
feeling among some engineers that the problem is not 
radically different from that encountered on the d-c. 
network. Others feel that short-circuit currents avail¬ 
able are generally less and the condition is th^fore 
more difficult. The use of buried cable has also been 
studied and tests made which will be reported in tiie 
near future. 

SUBCOMMITTEB ON LiGHTNINO ANP INSULATORS 
Past Year’s Activities in Investigation Work 

The activities in the field of lightning investigation 
during the past year have been carried on by means of: 

1. Field investigation of natural lightning. 

2. Field investigation with artificial lightning. 

3. Collection of operating data on lightning per¬ 
formance of lines. 

4. Theoretical analysis and coordination with the 
past lightning data. 

In the field investigations, use was made of cathode- 
ray oscillographs, Idydonographs (and surge recorders), 
surge indicators, lightning intensity recorders, direct- 
stroke recorders, and artificial li^tning generators. 
This year the field investigation was extended to include 
a wo^-pole line on which was recorded li^tning volt¬ 
ages in the order of 6,000,000 volts. 

By concentrated efforts in the field with the arti¬ 
ficial lightning generator, a vast amoimt of knowledge 
has been gained on the effect of tower footing, ground 
resistance, cormterpoises, effect of normal voltage in 
sustaining a power arc in the presence of lightning 
flashover of a line, and particularly on the operation of 
tiie lightning arrester. 

The behavior of traveling waves at the junction of 
cables with overhead lines was further studied by the 
u^ of the artificial lightning generator with particular 
attention to the application of lightnin~ arresters. 

Extensive use was made of the lightning (direct) 
stroke recorder and our knowledge in regard to the 



618 


TRANSMISSION AND DISTRIBUTION 


current in direct strokes amplified, and made more 
definite. 

The cathode-ray oscillograph application was modi¬ 
fied to trace the history of a natural lightning wave 
over a period of some 2,000 microseconds, in addition 
to recording the initial characteristics of the waves. 

Surge indicators were used for the first time, although 
mentioned in last year’s report. These definitely es¬ 
tablished the fact that a lightning flashover of a trans¬ 
mission line can take place without sufficient follow-up 
current flowing to trip out the line. 

The past year has brought out some intensive study 
of a theoretical nature on the lightning problem dealing 
with the mechanism of the lightning stroke and the 
subsequent surges which may appear on a transmission 
line. Both the direct stroke and induced stroke have 
b^ anal3^ed and the conclusion pointed out that only 
direct stroke appear to have consequential effect on 
the highly insulated lines, while medium and lower 
insffiated lines will be affected in an increasing order 
by induced strokes. 

Results of Last Yearns Work 

It is impossible here to point out in detail all the 
results of last year’s investigation. There are, however, 
some outstanding accomplishments, among which the 
following are cited. 

1. The effectiveness of ground wires in reducing 
lightning voltages and line outages has been further 
demonstrated. 

2. The value of low tower footing resistance in 
lessening the effects of lightning voltages has been 
shown. 


Insulator Flashover Values., 

It has been known for some time past that discrepan¬ 
cies have existed in 60-cycle flashover values assigned 
to insulators of practically the same physical dimen¬ 
sions. The cause for these different flashover values 
has been traced to a variation in humidity conditions 
at the time and place of test. A great deal of experi¬ 
mental work has been done on this problem, and it is 
expected the information obtained will soon be made 
public through a group of papers before the Institute. 

SUBCOUMITTEB ON INTEECONNECTION AND STABIUTy 

Factors 

In order to coordinate the work of the Power Genera¬ 
tion Committee, the Protective Devices Committee 
and the Power Transmission and Distribution Com¬ 
mittee in the field of interconnection and system stabil¬ 
ity, there has been formed a Joint Interconnection 
Sul^ommittee. This Subcommittee was organized 
during the year and has arranged several sessions of 
interest in the field of transmission and distribution. 
These include the session on System Grounding at the 
Pittsburgh Meeting in March 1931 and the session on 
System Interwnnection for the Summer Convention of 
1931. In addition, plans are under way for a symposium 
at the Winter Convention of 1932 on the subject of 
Machine Characteristics and System Stability. In 
last year s report mention was made of the organization 
of a Subject Conunittee on Definitions of Terms Used 
in Stability Investigations. The work of this Subject 
Conunittee is now substantially complete and it is 
planned to present it as a paper at the Winter Con¬ 
vention in 1932. 


3. Currents in the lightning stroke in the order of 
from 50,000 amperes and upwards have been indicated. 

4. Counterpoises at a tower footing, even although 
of comparatively short length are beneficial in reducing 
the lightning voltage to which a line may be subjected. 

6. Lightning sparkover of a line can take place 
without power follow current. 

6. Ligh^g voltages of both direct and induced 
stroke origin appear to be present on transmisaon lines. 
It is not known in what normal insulation and voltage 
range the induced voltage ceases to be a factor in line 
flashover. 

InsulaHoti Coordination 

Ill ordw to coordinate insulation on a lightning basis, 

its lightning characteristics must be known. Whether 
these are secured on a sin^dc impulse wave or voltage 
time lag basis, a standard test method must be agreed 
upon by all who supply this type of data. The Com¬ 
mittee has this matter well in hand at the present time, 
with the prpbability that an agiwment will soon be 
reached by all actively engaged in this work whereby 
a group of two or more preferred waves will be used for 

securing this tjqiS of data. 


SUBCOMMITTBB ON CAB1.B DEVELOPMENTS 

This year has witnessed the continued practically 
universal use of shielded cable (tj^e H) for all three- 
conductor high-voltage cables. Other tendendes are 
the increased use of oil-filled cables, the use of super- 
calendered paper, a great increase in the use of non- 
metallic armored cables for direct burial in the ground 
for low-voltage work, and the use of steel-wire armored, 
non-leaded cables for submarine service and for vertical 
distribution cables in high buildings. 

The Following Cable Installations May Be Noted: 

1. A second circuit, 175,000 kva. (winter rating), 
of single-conductor 132-kv. oil-filled cable abcmt 6 
miles long by Commonwealth Edison Co. in the same 
conduit bank as their first circuit. The new circuit 
has 1,100,000 dr. mils conductors as compared with 
the 600,000 dr. mils previously used. The larger 
conductor size is made commerdally feasible by insu¬ 
lating sleeves and grounding devices to eliminate 
sheath losses. Due to the many improvements in 
accessories and technique, the net result ^as that the 
investment cost per kva. of capadty is less than one- 
half the cost of the first line. 
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2. Two lines of single-conductor 600,000-cir. mil 
132-kv. cables each three-quarters of a mile long 
installed by the Commonwealth Edison Co. one 
(90,000 kva. rating) similar to the cable of paragraph 1 
above, and the other (96,000 kva. rating) with novel 
features of oil channels cut in the interior of the lead 
sheath as well as an oil channel in the conductor, a 
simple and small stop-joint, making it possible to have 
every joint a stop-joint, which joint is practically a 
factory-made and factory-tested joint. 

3. The Deepwater installation of the United Gas 
Improvement Co. across the Delaware River consisting 
of two 60,000-kva. circuits (and two spare cables) of 
single-conductor 760,000-cir. mil 75-kv. solid type 
cable manufactmed and installed in single lengths each 
about 4,000 ft. long. These are the first 76-kv. sub¬ 
marine cables and longest lengths of power cable ever 
manufactured. 

4. Two circuits rated at 56,000 kva. each of single¬ 
conductor 760,000-cir. mil 75-W. solid t 3 rpe submarine 
cable of the Union Electric light and Power Co. of 
St. Louis across the Mississippi. The cables were made 
and installed in single lengths of about 2,800 ft. each. 

5. An installation of five three-conductor 48,000- 
kva. 66-kv. oil-filled cables by the Union Gas smd 
Electric Co. of Cincinnati. This is the first three- 
conductor 66-kv. oil-filled cable, and is buried direct 
in the ground. The conductor size is 600,000 cir. mils 
sector, insulated with 0.40 in. impr^nated paper smd 
shielded. The cables sire made in single lengths 1,300 
ft. long, thus avoiding joints, and sire steel-tape armored 
cables buried directly in the ground. 

6. Three commercial inst^ladons have been mside 
during the year of three-conductor 33-kv. to 35-kv. 
oil-filled cable, although the amounts were rather 
limited. These installsifions were made by the city of 
Los Angeles, the Staten Island Edison Co., and the 
Syracuse Lighting Co. All three installations were 
mside with three-conductor type H cable with oil 
chsmnels in the fill^ spsices. A novel feature was ilie 
three-conductor positive stop-joint by the city of Los 
Angles, and also the fact that a laige installation of 
cable with oil chsmnels in the filler spaces including a 
more viscous oil wsis installed by this compsmy, who 
after installation replsiced the oil in the chsmnels by 
oil of the type used in oil-filled cables. 

7. An experimentsd installation of tingle-conductor 
132-kv. oil-filled cable by the Commonwesilth Edison 
Co.'of Chicago in cooptation with two msmufsicturts, 
each of whom supplied 1,000 ft. of 450,000-cir. mil or 
600,000-<rir. mil cable insulated with 0.40 in. paper 
and 1,000 ft. with 0.60 in. paper. The purpose of this 
experiment is to study the limiting stresses and tem- 
persitures in oil-filled cable for present and future 
voltages. 

8. An etperimentsil jpstsdlation of single-conductor 
132-kv. cable by the Public Service Elecferic and Gas 
Co. as a continuation of their 1927 experiment studying 
the postibility <‘f “solid type” insulation for 132-kv. 


service. The installation contists of three cables each 
of 500,000 dr. mils and 1,000 ft. long, two supplied 
by one manufacturer and one by another. Each 
manufacturer supplied a length of solid-lype cable. 
The third cable is of an intermediate or hybrid type, 
using oil intermediate in viscosity between that of an 
oil-filled cable and of the usual type of cable, thus 
greatly fadlitating installation methods while sharing 
in part the operating advantages of an oil-filled cable. 

The Subconunittee on Conduit and Manhole Tem¬ 
perature of the N. E. L. A. Undagroimd Systems Com¬ 
mittee has standardized on conditions and constants for 
calculating current-carrying capadty. This standardi¬ 
zation has made it possible to calcdate current-carry¬ 
ing capadties of cables covering a large range of sizes 
and conditions. These tables of canying capacities 
will be published by the Underground Systems Com¬ 
mittee, and should prove of great value to the industry. 

Subcommittee on Steel Transmission Towers 
AND Conductors 

The Subcommittee on Steel Transmission Towers 
and Conductors was organized to assist in the standard¬ 
ization of steel transmission towers and conductors by 
clarifying the problems assodated with their design and 
application, by papers prepared by recognized authori¬ 
ties on these subjects and presented before the Institute. 

The work of the Subcommittee has been divided into 
three groups, each of which is responsible for one of 
the following subjects: 

I— ^Towers. 

II— Clearances and Electrical Characteristics. 

III— Conductors. 

During the past year, four meetings of the Sub¬ 
conunittee have been held, together with some addi¬ 
tional meetings of groups within the Subcommittee. 

An addition to the dause of the N. E. L. A. specifica¬ 
tions on uplift of tower foundations and a recommenda¬ 
tion for a straight line compression formula for the 
N. E. L. A. specifications is in course of preparation. 
Consideration is. being given to elimination of the term 
“factor of safety” by substituting therefore “per cent 
overload.” Contact is being msdntained with the 
A. S. T. M. on its investigation of embrittlement of hot 
dipped, galvanized steel. 

It is proposed to recommend that the 60-cycle flash- 
over be the basis for clearance of the tower tmder 
winter or heavy loading conditions and that lightning 
flashover be the limit for summer or light loading con¬ 
ditions. The width of the right-of-way is to be limited 
by simUar conditions. 

Intensive study is being given to the vibration of 
conductors. Efforts are being directed prindpally to 
the coordination of experimental work being done by 
widely separated investigators, including California, 
Texas, Illinois, Michigan, Ontario, England, and 
Australia. A bibliography is being established as an 
adjunct to this work. 

The piesMit membership of this coifimittee, including 
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the chairman, is now twenty, with five men in Group I, 
six men in Group II and eight men in Group III. 

It is felt that the work of this subcommittee is now 
progressing smoothly and during the next year, con¬ 
crete results can be shown as the result of its activities. 

Conclusion 

For the sake of brevity, this year’s report excludes the 


bibliographies of papers which appeared in last year’.s 
report. It is planned to include such bibliographies in 
the Annual ^port at appropriate intervals, rather 
than every year. 

In conclusion, it is desired to stress the conscientiou.s 
and enthusiastic work of the chairmen and members 
of the subcommittees to whose liberal contributions of 
time the progress made is due. 


Transportation 

ANNUAL REPORT OF THE COMMITTEE ON TRANSPORTATION* 


Y OUTR Committee on Transportation submits a 
brief review of the recent developments of im¬ 
portance in the application of electricity to 
transportation. 

Steam Railroad ELECTRiPicA'rtoN 
Pennsylvania Railroad 

. Pennsylv^ Railroad has been actively con¬ 
tinuing its electrification program. On June 29^ 1930 
electric operation was inaugurated between Philadelphia 
^d Trenton, N. J., a distance of about thirty 
On July 2^h, electric operation was started between 
PMadelphia and Norristown, Pa., on the Schuylkill 
Division, seventeen miles. Fifty-nine multiple unit 
cars have been recently acquired. This installation 
completes the suburban electrification about Phila- 
ddphia. Distribution of power is at 11,000 volts, 
25-cyde, sin^e-phase. The equipment for , suburban 

ser^ IS at presmit all motor ears, with multiple unit 
controL 

The new suburban terminal at Broad Street was 
on &p^ber 28th. This is of necessity, 
mtirely el^tncafiy operated, for the trades are, li^ 
those of the passenger terminal at New York, under 
cover. The iiew suburban station at Thirtieth Street 
on the west bank of the Schuylkill River was also 
m serwee at this time. This wifi ultimatdy 

West Pennsylvania Terminal at 

' nnder construction. 

P^Wlv^a Railroad now has in electrified 

Worfr ^ ^ multiple unit ears are in service. 

- ^ actively progressing in the New York 
^AWSPORTATION; 
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Terminal zone preparatory to changing from the 
600-volt third rail to 11,000-volt, single-phase trolley 
wire tetween Sunnyside Yard and Manhattan Transfer. 
This installation, which will among other things allow 
N^ Haven locomotives to enter the Manhattan Ter¬ 
minal, should be completed during the present year. 

Construction is progressing between New Brunswick 
and Manhattan Transfer and will shortly be started 
between New Brunswick and Trenton, and between 
Wfimington and Washington. 

Four types of locomotives are being developed for 
the complete electrification. Two passenger types, 
one freight and one yard switching. The light pas¬ 
senger type (d«»ignated as 0-1) is of 2-B-2 arrange¬ 
ment, and two of these units will be used on the heavy 
passenger trains. The heavy passenger t 3 rpe (P-6) is 
of tte 2-C-2 arrangement. The freight type (1^6) 
IS of the l-D-l arrangement. The passenger locomo¬ 
tive wiU use twin motors rated at 500 hp. per armature, 
or 1,000 hp. per axle. The freight locomotive will be 
^uiiyed with four motors of single armature t 3 rpey and 
will thus have a rated capacity of about 2,000 hp. 

Long Island Railroad 

The multiple unit suburban service of the Long 
Island portion of the Pennsylvania Railroad, operated 
by third rad disWbution, is rapidly growing. Mghty- 
five m^tiple unit cars now being added to the equip¬ 
ment^ bnng the totrf number of cars to 826. To pro- 
Jde^wer for the increasing load, the Floral Park.^b- 
^tion m bemg remodeled and will be equipped with 
^orecti&rs of 3,000-kw. capacity. fL new sulJ 
^n^H^pstead, Manhasset, Roefcaway Park, and 

» a<*<Ktion to four 
^ “JaHatioh next year. Each of the new 
^^tions win contain one 3,000-kw. mercury 

except at Goose Creek where portable syn- 

The 

T Wratipn, an 

. (Uency. 
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Delaware, Lackawanna & Western Railroad 

The suburban electrification of the D. L. & W. R. R. 
was inaugurated between Hoboken and Montclair, N. J. 
on September 3, 1930, the service to South Orange, 
N. J. September 22, 1930 and that to Morristown, 
N. J. December 18th. The present electric installation 
was completed with the electric operation in January 
1931 to Gladstone and Dover, N. J. This electric 
operation comprises about sixty-eight route miles and 
one hundred and fifty-eight miles of track; jnd includes 
282 multiple unit cars. These cars operate in pairs, 
the units consisting of one motor car and one trailer 
each. Five substations, each containing mercury arc 
rectifies, furnish the distribution power at 3,000 volts 
direct current. Two electric three-power locomotives 
(oil, storage battery, and trolley operated) have been 
acquired and are used for switching and tracer service 
between Jersey City and Secaucus frdght yards. The 
D. L. & W. is the first heavy traction service in this 
country to utilize 3,000-volt direct current on motor 
cars, and the first to install exclusively mercury arc 
rectifiers. 

New York Central Railroad 

The Clevdand Union Terminal electric operation 
was inaugurated June 28, 1930. This project com¬ 
prises 17 miles of route and about 60 miles of track, 
between Collinwood and Linndale, Ohio, and employs 
twenty-two locomotives. These locomotives are 2-C 
-t- C-2, weighing about 204 tons, of which 160 tons 
is on drivers. They are designed for a maximum 
speed of 70 mi. i>er hr. The locomotives are used inter¬ 
changeably for switdhing or road service. Train 
heating boilers, oil-fired, are provided on the locomo¬ 
tives. The power distribution is by means of 3,000- 
volt direct current, using a catenary S 3 rst^. T^ is 
supplied from two substations, one 3.5 miles west, and 
the other 7.2 miles east, of the Union Station; each 
equipped with motor-generators, remotely controlled 
from the terminal building by a supervisory system of 
the synchronous selective type. The installed capadty 
is 9,000 kw and 6,000 kw. respectivdy. 

The New York City electrification of the New York 
C^tral is progresring. The "West Side" tracks will 
be electrified by the middle of the current yeeir as far 
south as Seventy-second Street, the tracks north of 
that point bdng on a viaduct, or on private right-of- 
way,. Forty-two fid^t locomotives , have been pur¬ 
chased for this service. Distribution of power is by 
direct current at 650 volts using a third rail. South 
of Seventy-second Street the tracks are on city streets, 
and the operation will be accomplished by three-power 
(oil-electric-storage battery) locomotives, of which the 
railroad has purdiased thkty-five. 

Reading Railroad 

The eleetrification of the Reading Railroad at 
Philadelphia is progressing, and operation should be 
started about the middle of the current year. This 


project includes about 69 route miles and 161 miles of 
track; seventy multiple unit cars will be oi)erated 
initially. The distribution system is at 11,000 volts, 
single-phase, 25 cycles. 

Great Northern Railway 

The Great Northern Railway has placed in service 
four new motor-generator locomotives with axle ar¬ 
rangement 1-C -f- C-1, essentially similar to those 
of that type already in operation. Each locomotive 
weighs 263 tons, of which 210 tons is on drivers. The 
distribution of power is at 11,000 volts, 25 cydes, 
single-phase. 

Illinois Central 

The Illinois Central Rmlroad placed in service in 
1930, four 100-ton straight-electric locomotives for 
switching service, and also five 600-hp. oil-electric 
locomotives of the Diesel t 3 npe. The motive power 
now in suburban savice consists of 280 multiple unit 
cars, 140 of which are motor cars and 140 are trailers. 
In the hdght switching s^ce, there are now fomr 
straight-electric locomotives and six 600-hp. oil-electric. 
The power distribution is 1,600 volts, dheet current. 
About 164 track miles are electrified. 

New York, New Raven and Hartford Railroad 

The final extension of the New York, Westchester 
and Boston Railway to Port Chester, N. Y. was com¬ 
pleted late in 1929. The New York, Westchester and 
Boston—an integral part of the New Haven electric 
operation, now operates from Harlem River to Mount 
Vernon, N. Y., with branches to White Plains, N. Y. 
and to Port Chester, N. Y. The total New Haven 
a-c. electrified mileage is now about 577 track miles, 
overt approximately 116 miles of route. The road 
opmated, as of the end of 1930,141 electric locomotives 
and 267 multiple-unit cars. The New Haven last year 
placed in service nine multiple-unit cars. Durii^ the 
current year there will be added to the equipment, ten 
200-ton passenger locomotives and 33 multiple-unit 
cars. The power distribution of the New Haven is at 
11,000 volts sin^e-phase, 25 cydes, but the passenger 
motive pow^ is designed to take power also from the 
New York Cenixal third rail at 660 volts, direct current. 

Substations for Electrified Railroads 

The conversion of powa- for distribution on the 
Delaware, Lackawanna and Westmi electrification is, 
as previoudy noted, entirely by means of mercury arc 
rectifi^. llus installation consists of 18 units in 6 
substations with a total capadty of 40,000 kw. The 
rectifiers are also provided with a means of compound¬ 
ing, so that voltage can be maintained over a fairly 
wide load range at substations. Reference is made to 
the report of the Technical Committee on Automatic 
Stations covering this feature. Four of the substations 
are manually opoated but are provid^ with many of 
the usual automatic protective features. One sub- 
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station is completely automatic. Remote and super¬ 
visory control are provided for the automatic substation 
and the tie stations. 

In its electrification the Pennsylvania Railroad has 
continued with the 11,000-volt distribution ^tem 
now in use on other parts of its system involving step- 
down transformer substations installed at int^als of 
7 to 8 miles. The Reading electrification consists of 
the three-wire distribution system with 11,000 volts on 
the trolley and a feeder of 83,000 volts. Auto trans¬ 
former stations are used at intervals, to transfer enagy 
fix»m the 33,000-volt feeder to the 11,000-volt trolley. 
Some of the substations of the Pennsylvania Railroad 
dectrification are rmotely controlled from adjacent 
signal towers, and those of the Reading are controlled 
by suprawisory control so that the powor director in- 
di^tly or directly has control of all circuit breakers 
within his jiuisdiction. 

The Cleveland Union Terminal Substations contain 
two and three 3,00(l-kw. motor-generator sets respec¬ 
tively, with complete automatic control. A s 3 mchro- 
nous selective supervisory control system with remote 
telemetering provides tbe dispatcher, located in the 
Tenninal Building, with complete supervision and 
indi^tion of the substation, feeders and tie station. 

High-speed air circuit breakers have been employed 
in all substations of the d-c. systems mentioned above, 
and the Pennsylvania Railroad and Reading 
a-c. systems have employed high-g)eed a-c. breaka® 
of the air and oil tj^. Reference is made to the 
report of the Committee on Protective Devices for 
data riding the. various types of high-speed circuit 
breakers available for a-c. and d-c. service. 

Electric Locomotives 


recently in the design and construction of the single¬ 
phase motor which have materially decreased its weight 
per horsepower and have improved eflSciency and 
power factor. Attention is called to the report of the 
Committee on Elecfrical Machinery for descriptions of 
these developments. 

OU-Electric Locomotives 

^ In addition to 85 oil-electric-storag^e battery locomo¬ 
tives acquired by the New York Central Railroad for 
the“West'Side" operation in New York City, seven 
siniilar units have been placed in service in Chicago, 
and as above stated, two on the Delaware, Lackawanna 
& Western Railro^. The Canadian National last 
year acquired a Diesel locomotive, as have various 
industrial concerns. 

A'novel arrang^ent of Diesel locomotives has been 
developed, wherein the engineer’s driving position is 
raised to a sort of mezzanine floor, so the engineer may 
look OVCT the top of the train he is moving. In this 
design, controllers, air brake handles, etc., are provide<I 
at both sides of the cab so the driver may move from 
side to side as desired to observe signals from the 
switching crew. 

Rail Cars 

Fifty-six rafl cars of gasoline and oil electric design 
were produced in this coimtry during the past year. 
As ^ indication of the increasing use of this type of 
equipment in heavier service, the average power of 
th^ cars was about 450 hp. as compared with about 
350 hp. the avmage in 1928. 

Marinb Transportation 


A novel development in the field of a-c. locomotive 
design has occurred abroad. In this deagn the low- 
voltage terminals of the transformer are permanently 
brought out, and all voltage control for the motors is 
by meaim of an oil-immersed tap changer and air 
switches from the Ugh-voltage windings. The arrange- 
m^t IS a devdopment of the growing use of the scheme 
of top^togmg under load” and if it is found to be 
practi^ble imd« service conditions, should materially 
simplify the design of a-c locomotives. 

A novel development in electric locomotive design 

f locomotive of the 

Cenfral Railroad. This compensates the ten- 
hSiH,? ^iiwd weight upon the forward drivers at 
togh drawbar loads, especially at starting, on account 
the moment of the drawbar pull and rail reaction 

Md weakening the 

«ach truck, which reduces 

to the field strengths of 

the^rnoto^ The forward drivers thimKleS 

to dip and the drawbar capacity is therefore 
There has been a number of notable improvements 


of various types was produced in 1930. The S.S. Presi¬ 
dent Hoover is the largest electrically driven liner 
pr<^c^ tto far. The propelling equipment consists 
of two 14,000 hp. turbines with three-phase 10,100-kw. 
generators, and two 13,250-hp. synchronous induction 
motore. Angary electric apparatus on steam and 
D^sel propelled craft has developed in a number of 
diffasnt directions, replacing steam auxiliaries. At- 
te Jon is <^ed to the report of the Technical Com¬ 
mittee on Apphcation of Electridty to work. 

Aviation 

A ni^ber of electrical devices has added to the art 

Anaong these is the 
electricaUy driven device to 
co^t the error experienced in all types of "earth 
inductor compasses when the direction of the ship 
a device, may also be used as 

a tumujcator’ to show quickly and with reasonable 

accuracy the angular change in direction. 

R^ntly developed, engine-perfwinance indicators 
ej^tncafly op^ted, showing ofl-fffiessdwr ofl-tem^: 
ature, etOA-jare of .vato. aa p«int^ ii.y 
engme-ship8,t"^^- w^wiwpje- 
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In the field of illumination for aviation, wing-lights 
set into the leading edge of plane wings increase effi¬ 
ciency by reducing non-productive air resistance. Air¬ 
ways are being illuminated by increasingly powerful 
and efficient beacons. The illumination of landing 
fields by means of fiood lights and marking lights is 
keeping pace with other developments. 

Railroad Signaling 

Centralized ^traffic control by means of coding 
s 3 rstems is rapidly being extendi on railroads. This 
enables a dispatcher or tower operator to remotely 
control switches and signals over a large territory and 
thus direct trains quicldy and effectively without the 
necessity of train orders. 

Urban Transportation 

The chief developments in urban transportation are 
efforts to obtain faster car acceleration, higher speeds, 
and better braking, to compete with increasingly 
difficult traffic conditions. The increased use of double¬ 
reduction and worm gears has made the op^tion of 
higher speed motors practicable with marked decrease 
in weight (espedally in unsprung weight). Lower 
floors, with greater speed in loading and unloading, are 
features of some of tiie new drives. 

The modem trolley bus is being used for many 
services where street cars or gasoline buses were applied 
previously. Economy of operation and low investment 
cost insure a widespread use of trolley buses, especially 
where it is possible to utilize existing pow^ plant, 
substation, and power distributionfaciUties. In CMcago, 
for instance, over flfty-seven miles of line have been 
equipped for trolley bus operation, and seventy-five 
buses are in use. 

The gas-electric coach, which has hitherto shown its 
chi^ advantages in congested urban traffic where 
frequent and rapid acceleration is necessary, is invading 
the intmu'ban fidd. 

Attention is called to the expansion of the subway 
mileage in Philadelphia, New York, and Brooldyn. 
Plans for a subway in Chicago have been approved. 

Rail Fissure Detector 

The Spmy device for detecting fissures in track rails 
has been operated intensively throughout the country 


with valuable results. Continued use of this device 
should materially reduce rail failures. 

Welding 

Electric welding is increadngly used not only in 
railroad shops (as in other industries), but for building 
up rails and “special work” at frogs, crossings, etc. 
Rail bonds for traction and signal purposes are in 
many instances welded to the head of the rails. 

Vertical Transportation 

The ever increaring height of buildings necessitates 
constantiy increasing efficiency and speed of elevators. 
Speeds of 900 ft. per min. are now operated. A recent 
development to increase space efficien(y in high build¬ 
ings, is tbe operation of two or more elevators in a 
sin^e shaft, so synchronized that one elevator may be 
started and run as “press’’ for a certain number of 
fioors before the car next below it starts. Needless to 
say the op^ation is interlocked by means of limit 
switches and kindred devices to prevent the cars fronn 
coming together. 

General 

Attention is called to the development of various 
types of apparatus which apply to transportation as 
well as to othor forms of utilization of electricity as 
desoibed in various technical committee reports. 
Included in this category are turbo^nwators and other 
power plant fadlities, motors, circuit breakers, insula¬ 
tors, transformers, lightning arresters, cables, rdays, 
substations, etc. Many of these types of apparatus 
are applicable to transportation, only by accomplishing 
some more or less important modifications, and the 
attention of various technical committees has been 
called to special modifications of this kind. 

Attention is called to the work which is bmng carried 
on under the au^ices of the American Standards^ 
Association on Definitions of Electrical Terms (C-42)' 
for which the A. I. E. E. is sponsor. To Subcom.- 
mittee No. 6 is asrigned the field of “Horizontal Trans¬ 
portation.” It is hoped that when this very important 
subject is complete, and published, g^^al use will be 
made of tbe definitions and that some confurion which, 
now exists will thus be avoided. 
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annual report of committee on protective devices* 


T he work of the Coimaittee on Protective Devices 
during the past year was accomplished largely 
ttoough OTbcommittees, which are listed below 
With their cbainnen: 

W. W. Edson; Oil Circuit Breakers, Switches 
^d Pi^, L. P. Hickemell; Lightning Arresters, 
H. K. Sels; Fault Current Limiting Devices, H. B. 
Wood; Joint Interconnection Subcommittee,t P. C 
Hanker. 

The activities of the Protective Devices Committee 
may be divided into the following three classes: 

!• Preparation of standards 
2 . Review of research and development 
8. Fostering the preparation and presentation of 
papers. 

General 

During the year the work of the committee in co- 
op^tion with the National Electric light Association 
m the preparation of a supplement to the Relay Hand¬ 
book was completed. 

Revised standards for lightning arresters have been 
prepar^ and issued in report form by the Standards 
Committee. 

Progr^ has been made in the preparation of 
^^ds for fuses and revised standards for disconnect- 
mg, horn gap and knife switches. It was hoped that 
^ stjmdard for fuses could be sent to the Standards 
Committee this year, but due to difficulties in obtaining 
complete agreement as to the subject matter of this 
.^nd^ there has been some delay. These standards 
would be forwarded to the Standards Committee in the 
latter part of 1931, 

The committee has maintained close contact with 
reseanffi and development relating particularly to 
lightning^ protection, high-speed oil circuit breakers, 
and stability of operation, which greatly facilitated its 
work in fostering the preparation of suitable papers 
rdatingto these subjects. 

*COMUITT£E ON PROTBCTIVB DEVICES: 

'BAjxnxmd Baflej. Ohairmaai, 

3. B. ^ F. O. Huiker. a. H. Sdilmer. 

B. A. Heater. , H. K. Seta, 

m W, ntake, t,. F. Etokeraell, H. p. Sleeper 

WW^dM^ B-B. StaaHacher, 

t » H. B. Smnmerbam 

B. B. Oeoise. A. SI. Boseman, H. B. Wood. 

Herman HalperliL 

tThis is a joint suboommittee of the oommittee on Power 
^oration Pwer Transmission and Distribution and the 
IVoteotivd Devices Committee* 


The work of the committee during the past year has 
mphasized more than ever .the following points. 
First, the desirability of planning the presentation of 
papers sufficiently in advance so that they may be 
Rouped for presentetion in the most suitable manner. 
Second, the nece^ty, if maximum advantage is to be 
r^h^ from Institute sessions, of having papers avail¬ 
able for :^ding sufficient time in advance of TrMwringQ 
to permit of well considered discusrion. The im- 
portw^ of this latter point is so great that every effort 
should be made to see that it is carried out effectively. 

On account of the fact that in a number of cases other 
^hiucal committees of the Institute have a very 
defimte interest in the application or use of devices 
wmmg under the jurisdiction of the Protective Devices 
Con^ttee, very close coordination of activities is 
reqmred. This is particularly true in matters relating 
to interconnection and stability of operation handled at 
the present time by the joint subcommittee having 
^resentatives from the Power Generation and Power 
Tra^ission wd Disttbution Committees, in addition 
to the Protective Devices Committee. It may be that 
there will be sufficient important matters which affect 
a number of committees to warrant sdecting some 
method of handhng them that wiD permit of direct 
effective action without the complication and delays 
that are boimd to happen in coordinating work with 
several large committees. 

Relays 


Hoport of Subcommittee 

Further development of high-voltage transmission 
and interwnnection with rather severe requirements 
as to ^bility and continuity of service, have focused 
attwtion on the necesaty of rapid clearing with extaeme 
preaaon, and the developmait of the art of rday pro¬ 
tection has advanced as a consequence. Rela^have 
b^n d^eloped including directional, balanced, and 
differwtial relaj^ capable of operating in one-axtieth 
of a second. 

These ^ being tried out in service and thw opera- 
j • ^ watched with much interest. Apparently, 

additional work should be done to simplify tboja* relays 
wd their mechanical construction details, so as to 
insure among other things hi^-speed operation under 
all conditions, and to prevent shifting of the balance 
^mt. Also, fiirtha* development will apparently 
have to be gone ahead with to*bliinii\ate certain diflScul- 
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ties in the application of these relays to short line sec¬ 
tions or to ground protection. 

The most important work of the subcommittee for 
the year is the completion of the revised edition of the 
Relay Handbook, in cooperation with the corresponding 
committee of the N. E. L. A. 

The following papers, prepared under the auspices 
of this subcommittee, have been presented before the 
Institute: 

Relay Developments on Southern Calif omia Edison 
System, E. R. Stauffacher, Southern California Edison 
Company. 

Operating Experience vnth Reactance Type Distance 
Relays, E. E. George, the Tennessee Electric Power 
Company. 

Protection of Three-Winding Power Transformers, 
R. E. Cordray, General Electric Company. 

Fundamental Basis of Distance Relaying, W. A. Lewis, 
Westinghouse Elec. & Mfg. Company. 

On, CiRCurr Breakers, Switches, and Fuses 

Beport of Subcommittee 

A prominent feature of oil drcuit breaks develop¬ 
ment is the number of large installations of metal-dad 
switchgear. Among these may be mentioned the 
installation of 83-kv. oil-filled gear on the S 3 ^tem of the 
Public Service Company of Nortiiem Illinois, the 13-kv. 
gum-filled gear at the Leaside Substation of the Hydro- 
Electric Power Commisdon, and air-filled gear on the 
system of the J^isey Central Power & light Company. 

Since last year’s development of the deion circuit 
breaker, further results have followed the discovery of 
this method of arc extinction. With the addition of 
deion grids, ordinary oil circuit breaks have op^ed 
3,600 amperes at 110,000 volts with 1.6 cycles of arcing; 
and 3,000 amperes at 200,000 volts with 3.6 cycles of 
ardng or less. Decreased ardng assures more satis¬ 
factory breaker performance, less deterioration of oil 
and contacts and lower maintenance. The stability of 
the whole power system is improved, dnce short circuits 
are more likely to be cleared before they can affect 
synchronous machines. 

The deion oil-less breaker in the meanwhile has been 
developed for a greatar range of ratings. At one ex- 
tireme is a one million kva. 28 kv. circuit breaka* which 
has undergone interrupting capadty tests including 
some shots as high as 800,000 kva. (It will be recalled 
that among last year’s achievements were reported 
successful intaruptions of short drcuits in the order of 
60,000 kva.) On the other extreme is the breaker 
(using 2.6-inch plates) which repeatedly interrupted 
10,000 amperes at 600 volts alternating current. This 
small daon breaker shows great promise in a wide, field 
of the moderate and smaller powers; such, perhaps, as 
industrial service. 

Effo^ to improve ratii^ standards for oQ drcuit 
breakers continue. 

Announcemeu.ts by tke manufacturers indicate 


healthy activity in the development of new forms of 
circuit interrupters, such as the oil-blast oil-circuit 
breakers, multiple break and others. 

The following papers, prepared under the auspices of 
this subcommittee, have been presented before the 
Institute: 

The Medumcal Performance of Oil Circuit Breakers, 
A. C. Schwager, Pacific Electric Mfg. Co. 

Outdoor Switching Equipment at Northwest Station, 
W. F. Sims and C. G. Axdl, Commonwealth Edison Co. 

Magnitudes and Rates of Rise of Circuit Breaker 
Recovery Voltages, R. H. Park and W. F. Skeats, General 
Electric Co. 

Trend in Devdopment of Modem Circuit Interrupters, 
J. B. MacNeill, Westinghouse Elec. & Mfg. Co. 

OU Circuit Breaker Tests—Philo 19S0; Aims, Set-Up 
and Results from a System and Operating Point of View, 
Philip Spom and H. P. St. Clair, American Gas & 
Elec. Co. 

The Oil-Blast Circuit Breaker, D. C. Prince and W. F. 
Skeats, Genaal Electric Co. 

Field Tests on Standard and Oil-Blast Explosion 
Chamber Oil Circuit Breakers, R. M. Spurck and H. E. 
Strang, General Electric Company. 

Lightning Arresters 

Beport of SubcomiuJttee 

The Subcommittee is advised that studies of lightning 
and the effects of lightning were continued throughout 
the year by means of field investigations on transmission 
systems in several widely separated localities. The 
knowledge of the character and behavior of high-voltage 
surges originating firom lightning on transmission lines 
was extended by the use of cathode-ray oscillographs at 
field stations located in Arkansas, Illinois, Michigan, 
New Jersey, Ohio, Pennsylvania, and West Wrginia. 
In two cases, Michigan and New Jersey, the behavior of 
waves on transmission lines was studied in detail by the 
use of both portable cathode-ray oscillographs and 
impulse generators. Practically a continuous investi¬ 
gation was maintained also of the performance of 
lightning arresteis and many other associated phases 
of the lightning protection problem. About 3,000 
oscillograms were taken which have already proved 
valuable in the study of problems related to lightning 
protection. 

Better coordination of r^ords in the 1930 lightning 
investigations has indicated the growing importance of 
direct strokes. Records obtained on hi^-voltage lines 
tend to confirm the thought that overvoltage due to 
direct strokes iire more important than those due to the 
induced effect fiom li^tning strokes primarily on 
account of th^ greater magnitude. . 

Impulse tests made in the field tend to confirm, the 
condurion that best protection with lightning arresters 
is obtained when the arrester is located dose to tiie 
eQuipment to be protected and the leads as short as 
possible with low ^imd redstance. If the arrester 
cannot be located .dose to the equ^ment and at the 



PROTECTIVE DBVTCBS 


same time retain short leads, keeping the leads short 
appears to be the more important. Also, the arrester 
^uipment should be connected to the same groimd 
but if this is not convenient, more attention must be 
»ven to the arrester ground to be sure that its resistance 
IS as low as possible. 

The highest voltage lightning arresters ever built were 
rewntly installed by the Hydro-Electric Power Com¬ 
mission of Ontario. Under emergency conditions of 
generator overspeed and abnormal line voltage, they 
^ not be damaged by voltages as high as 268,400 volts. 
Normally, four of the twenty-two arrester units in each 
ph^ leg are short circuited by a high speed switch 
wtach opens automatically in less than half a second 
when^ waterwheel overfeed and overvoltage occurs. 
This is also the largest arrester installation for voltages 
over 200,000. One three-phase arrester is installed for 
the protection of each of four banks of transformers. 

The commercial development of the porous block 
autovalve arrester has made available a new arrester 
which is considerably smaller and has much better 
performance characteristics than the earlier autovalve. 
The arrester is constructed in fewa- porcelain-cased 
imits with a totally enclosed gap structure which in the 
lower voltage sizes results in the complete arrester being 
housed in a single casing or two casings with gaps and 
elements separate. The protective action of the ar¬ 
rester is similar to the old one but it has practically no 
time lag in its operation and a low ratio of discharge 
voltege to normal voltage. A small and compact form 
of line arrests has been developed which can be applied 
to prevent the fkishover of insulator strings. A num¬ 
ber of installations of these line arresters has been 
under obseivation for the past two years in order to 
gather data on the effectiveness of such protection for 
tr ansmiss ion line insulators. 

With the commercial development of thyrite, a new 
form of lightning arresto* became avaUable. The 
arrester is eonstrocted in the form of self-contained 
units, it only bei^ necessary for any application to 
mount an appropriate number of units one upon another. 

^ structure has been provided in each unit so con¬ 
structed that substantially no time lag occurs in the 
opiwation of the gap. This arrangement, coupled with 
the di^teristics of the material, insures an airester 
which has practically no time lag in its operation. A 
number of installations of these arresters has been 
^e, the highest voltage airester in service being of 
^0 latmg. Another form of thyrite arrester was 

^vel^ vdiich is inconiorated in a string of suspension 

insulators, and used to prevent the flashover of the 
in^tor string for aU but the most severe conditions. 

A new pro^tive device operating on a deion prind- 
• w* bore tube for use in the prevention of 
in^tar flashover by lightning has been developed in 
<»rtain voltai^ratings. ‘ 

Ttetovidon of the proposed Standards for Lightning 

for altom^-burrent power circuits was 
completed and acoeptoi^bF tie Coaumttee on Protec¬ 


tive Devices for printing in report form. The sub¬ 
committee hopes that there will be widespread use of 
these standards in order that they may be put in final 
stope for adoption by the Institute. It is expected 
that development in the art of protection from lightning 
^ probably make it necessary to revise these standards 
^m time to time as additional technical information 
becomes avaflable. 

The work of the subcommittee indicates that the 
following matters should receive considerable attention 
in the future: (1) the determination of more representa¬ 
tive test sur^, (2) the development of tests to deter- 
mme operating condition of arresters in service, (3) 
inve^gation of present operating practise on tians- 
mission and distribution systems relative to arrester 
installation, operation and performance as affecting 
suiteble standards, and (4) the coordination of line 
Md station type arrester application in the field with 
the totivities of other committees interested in the 
grading of system insulation. 

The following papers, prepared under the auspices 
of tM subcommittee, have been presented before the 
Institute: 

An Experimental UgHning Protector for Irmlators, 
J. J. Torok, Westinghouse Elec. & Mf g, Co. 

Fm Tests on ThyrUe Lightning Arresters Using 
Arhf^ Lightning of1,500,000 Volts, K. B. McEachron 
and E. J. Wade, Gieiieral Electric Company. 

Fault Current Limiting Devices 


Beport of Subcommittee 

The reactor installatioiis made during the year are 
char^teri^d by high electrical ratings and greater 
physical size, particularly in bus-sectionalizing applica* 
tions which seem to be on the increase. 

Among the largest ever built in physical size is an 
application of 4,000-kva., IBl-kv. bus sectionalizing 
reactors giving 10 per cent reactive drop when 120,000 
kva. is transferred across the reactor. 

Another outstanding installation from the standpoint 
of physical size consists of three 6,400-kva. oil-immersed 
reactors on the 110-kv. astern of the Pacific Gas & 
Electric Co. 

Noteworthy from the standpoint of electrical rating 

eighteen bus-sectionalizing reactors rated 7,840 kva. 
giving a 16J4 per cent reactive drop in a 133,000-kva., 
27,600-volt circuit now on order., 

Current-limiting reactors of the dry type installed 
in metal housings and rated 888 kva., 698 volts, 1,200 
amperes, 60 cycles, were used to sectionalize a 24,000- 
volt bus. They introduce 5 per cent reactive drop 
between the sections when 50,000 kva. are being trans¬ 
ferred. The housings are supported on insulators and 
are connected to a ground bus. 

Bus-sectionalizmg reactors were in some instances 
provided with disconnecting devices which automati¬ 
cally break the circuit when the reacMl* is remov^ from 
Its operating lo^tion. 

Representative opinion has been secured on the 
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desirability of including in the new A. I. E. E. Standard 
for Fault Current limiting Devices the material on 
reactors now in A. I. E. E. Standards No. 18 and also 
information on grounding transformers, generator 
neutral reactors, and Petersen coils. As yet no definite 
decision has been reached. 

Interconnections 

Report of Joint Sobcommittee 

The work of the Joint Interconnections Subcommittee 
has related ahnost entirely to the preparation of papers. 
A comprehentive paper on Present Day Practise in 
Grounding oj System Neutrals was prepared by the sub¬ 
committee and presented at the Pittsburgh District 
Meeting. 

A paper entitled Impulse Test on Substations, by 
Messrs. Brookes, Southgate, Roman, and Whitehead, 
was pres^ted at the Winter Convention. 


The following pap^ were presented at the Pitts¬ 
burgh Meeting: 

Committee Report on Present Day Grounding Practises, 
C. A. Powd, Chairman. 

Reactance of Transmission Lines urith Ground Return, 
J. E. Clem, General Electric Company. 

Power System Voltages and Currents Under Fault 
Conditions, R. D. Evans and S. H. Wright, Westing- 
house Elec. & Mfg. Company. 

Simultaneous Faults and Six-Phase Transmission, 
Edith Clarke, General Electric Company. 

Power System Voltages and Currents Under Fault Con¬ 
ditions, R. D. Evans and S. H. Wright, Westinghouse 
Elec. & Mfg. Co. 

Series Resistance Method of Increasing Transient 
Stability limit, R. C. Bagvall, Westinghouse Elec. & 
Mfg. Co. 


Research 

ANNUAL REPORT OF COMMITTEE ON RESEARCH* 


D uring the year the Committee members have 
reviewed twenty-six papers and reconomendations 
• have been made to Headquarters for their dis¬ 
position. Each paper has been reviewed by three or 
more mmnbers and outside experts. The Conunittee 
held one session at the 'Venter Convention at which 
eight of the approved papers were presented. Addi¬ 
tional papers, obtained through the Committee on 
Research, are scheduled for the Summer Convention 
and several papers made available for district meetings. 
All business was carried on through corres^ndence as 
the only Conunittee meeting scheduled, at the Wiht^ 
Convention, had to be abandoned because of conflicts. 

The following topics are of sufficient importance to 
be called to the attention of the electrical engineering 
profession. The subjects r^orted have all been sug¬ 
gested by the Committee members, special assistance 
having been given by Messrs. W. G. Cady, V. Kara- 
petbff, H. H. Race, D. W. Roper, T. Spooner, and 
J. B. Whitehead. 


Physics 


In the field of ph 3 rEdcs th^ has be^ a number of 
theoretical and experimental accomplishments of some 
interest during the past year. 

«COMMITTBE OU RBSEAKCBs 
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The knowledge of cosmic rays has been advanced 
somewhat with two schools of thought: certain investi¬ 
gators, as a result of certain experimental evidence, are 
convinced that cosmic rays are actually high velocity 
particles. However, Dr. Millikan, from intensity mea¬ 
surement of the cosmic rays in northern latitudes, 
feels quite certain that they are actually rajrs, since they 
are not affected by the earth’s magnetic field. Dr. 
M ill ilran concludes that the cosmic rays have their 
origin not in the stars, but in interstellar space and 
that they are due to the building up of the commoner 
heavy elements from hydrogen, it being thoroughly 
established by spectroscopy that hydrogen is widely 
distributed through space. Several of the more com¬ 
mon dements and also helium exists in interstellar 
space. 

After seven years of intensive work, Dr. Paul Heyl 
of the Bureau of Standards has remeasured the constant 
of gravitation, or as the newspapers would put it, the 
weight of the earth. This figure is 6.670 X 10“* c. g. s. 
units. 

Eddington has developed a theory which makes 
possible the calculation of the ratio of masses of an 
electron and proton as well as the sizes of the electron 
and of the universe. 

The generation of very short radio waves is possible 
by a number of means, among them the Barkhausen 
tube. This tube is a three electrode tube with suitable 
voltages applied to the grid and plate and provided 
with parallel Lecher wires. The frequency is dependent 
on the speed of the electrons as affected by the voltages 
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and spacing of the electrodes and is independent of the 
external characteristics. Shuster has applied quantum 
mechanics to the problem of the Barkhausen tube and 
has calculated correctly the observed frequencies. 

As a result of the work of Grondahl it has been known 
for some years that copper oxide on copper had a photo¬ 
electric effect, making possible the generation of electric 
energy from sunlight. Dr. B. Lange of the Kaiser 
Wilhelm Institute for silicate investigation has obtained 
some interesting results with the copper oxide cell. 
According to newspaper reports he has, with the use of 
silver selenide, obtained similar results, but of one 
hundred or more times as much magnitude. However, 
for the generation of power from sunlight, the develop¬ 
ment is very far from being commerdal owing to the 
high cost and low output. 

Medicine and Physiology 

In the realm of medicine and physiology there has 
been a number of developments of interest to the elec¬ 
trical engineer. The recent paper on "Experiments on 
High Voltage Tubes,” by Tuve, Hafstad, and Dahl of 
the Department of Terrestrial Magnetism, Carnegie 
Institution of Washington, describes an X-ray tube, 
the voltage of which can be as high as 2,000 kilovolts. 
At 1,800 kilovolts the absorption coefficient, after 
filtering through- one inch of lead is the same as that 
for the gamma rays from radium in equilibrium mea¬ 
sured under the sarne conditions with the same instru¬ 
ment. This result has been attained by the so-called 
heat working of the pyresx glass. This high voltage 
tube should serve as a new tool to the medical profession. 

For the treatment of cancer there has been developed 
by Dr. W. D. Coolidge a 900,000-volt X-ray tube to be 
installed in the New York Memorial Hospital. 

It is well known that fever assists in destro 3 dng 
certain disease germs. It is possible, by the use of 
high frequency electrostatic fields, to produce artificial 
fever, tiius assistmg nature. Considerable success has 
been obtained by this method during the past year. 

Dr. George Sperti of the University of Cineinnati 
hM succeeded in uang selected regions in the ultra¬ 
violet spectrum for the irradiation of foods; for oTaTr^ p i^ 
he has been able to create Vitamin D in millf without 
spoiling the taste. 

Dr. H. C. Rentschler has developed a method for 
meMuring ultraviolet radiation by the use of a suitably 
^^ed photocell and a condenser. The condenser 
B charged slowly through the photocell and discharges 
t^ugh a counts* at a rate depend«it upon the ultra¬ 
violet radiation received by Ihe pbnti^cell. 

DiELECTBICS 

Cc^derable progress has been made in insulation 
^d ffielwtac research during the past year. Much 
work is being done to improve the processing in the 


manufacture of high-voltage cable insulation and also 
to detect a faulty impregnated cable before it goes into 
service. At Johns Hopkins University the value of 
thorough drying by the use of vacuum and air pressure 
during impregnation and the use of gas free oils have 
been studied further. To detect poor insulaticui, 
research workers of the University of Illinois are 
measuring high frequency discharges which constitul e 
internal ionization. 


Studies on the oils themselves are under way at the 
Detroit Edison Company, Cornell University, and the 
Brookl 3 m Edison Company, with special emphasis on 
the life characteristics and products of such oils under 
electrical stress, particularly ionic and electronic 
bombardment. At the Detroit Edison Company, it 
has been found that by bombardment of the oil vapors 
in a vacuum, the composition of the gas produced 
varies from one hydrocarbon to another and is quite 
complex, but consists roughly of 50 per cent hydrogen 
and 60 per cent unsaturated hydrocarbons. Liquids 
and wax-like solids are also produced. The solid 
formed is a duplicate of the compound "X” found in 
cables which have been in service. The formation t)f 
this substance in cables indicates internal corona. 
Five normal paraffin hydrocarbons of simple chemical 
structure and of very high purity have been prepared 
at the Bureau of Standards and studies are being made 
of their electrical characteristics. 

Further studies have been made of polar compounds 
in liquid dielectrics. The frequency-temperature-loss 
characteristics have been studied in a number of 
laboratories with most interesting results. In addi¬ 
tion, the polar characteristics of certain commercial 
insulating liquids are being studied, particularly the 
change and polar charactmistics during service. These 
fundamental studies should aid in a choice of better 
insulating oils. 


At Johns Hopkins University correlation between 
d-c. absorption and a-c. dielectric loss has been verified 
for reyeral oils, dried paper and impregnated paper 
consisting of the materials previously studied alone. 
The relatively high d-c. conductivity of oil obtained up 
to about one second after electrification was found to 
^count for the a-c. losses. The electrical character¬ 
istics of the separate and combined mate-ials of im- 
pregna^ papm* insulation have been studied. This is 
a very important step in the fundamental side of dielec¬ 
tric research. 


joiner new of mvestigation which is just getting 
n^er way is the use of X-rays to study the molecular 
s^cti^ of dielecWcs. The work of Dr. Zwicky at 
tihe C^ornm Institute of Technology on mosaics and 
on ^di^ chlonde crystals, and the work in Chicago 
by Dr. Bennett on the effect of an dectric field on the 
arrangemmit of paraffin crystals are worthy of notice. 

There have been numerous important and intwest^ 
mg engmeering developments during the pS ye^ 
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Lightning Reisbarch 

As the result of the investigations of natural and 
artificial lightning carried on at a number of field 
stations in various parts of the country, it has been 
pretty definitely established by the use of the cathode 
ray oscillograph that most outages and damage to 
transmission lines are the result of direct strokes rather 
than induced lightning. Two records during 1980 WOTe 
obtained of crest values of 4,600 and 5,000 kv. The 
latter value was recorded at a distance of several milcn 
from the stroke. At the place of flashover it is esti¬ 
mated that the potential was at least 10,000 kv. It has 
been concluded that a lightning stroke to a ground wire, 
if flashover does not take place, does not result in a 
surge over the line. By using proper precautions it is 
believed, as a result of these lightning investigations, 
that it win be possible to build transmission lines which 
will be practically immune from lightning. 

There have been developed and placed on the market 
during the year, two new tyjjes of lightning arresters, 
namely the thyrite arrester by the General Electric 
Company and the new porous block autovalve arrester 
by the Westinghouse Elec. & Mfg. Co. Thei% arresters 
have characteristics which are considerably superior 
to their predecessors. 

The commercial development and application of new 
t 3 ?pes of discharge tubes have been very active recently. 
It seems evident that these devices are going to occupy 
a very large place in the control and conversion of 
power. 

Radio 

In connection with radio there have been developed 
and put into commercial operation, 200 kw. trans¬ 
mitting tubes for broadcast stations. 

Mercury-glass three-phase rectifiers have been de¬ 
veloped to supply plate current for these hi^ power 
radio tubes. These rectifiers are rated at 10,000 volts 
and 30 amperes. Additional grid-controlled gaseous 
discharge tubes, namely, the Westinghouse grid glow 
tubes and the General Electric thyratrons which are 
similar in their characteristics, have been developed 
during the year, the larger sizes being able to handle 
76 amperes at voltages up to 1,000 or even 2,000. A 
grid energy of watt or less is required. 

Many new applications for grid glow tubes have 
been made recenUy. Among them is the theater light 
dinomer system which is controlled by very small 
rheostats which regulate the voltage applied to the 
grids of the tubes. These tubes supply rectified 
alternating current to choke coils which are saturated 
by the pulsating current, thus changing the ind u c tan ce 
and controlling the lights. The small control wires 
can be led to any desired location, thus concentrating 
the contro|,and simplifying the operation of the system. 
There are no moving parts and contacts, except for the 
small control rheostats. A very great adimntage of 


this typ® of control is that the whole lighting program 
for the evening may be preset. 

Miscellaneous 

A new stroboscope called a stroboglow has been 
developed, which illuminates a moving object for a 
period of only 3/10 of a microsecond or leas. This 
interval is so short that an object moving at seven 
miles a minute appears to be perfectly stationary with 
no appreciable blur. No moving parts are necessary 
and no connection between the stroboglow and the 
moving object is required. The instrument is cali¬ 
brated for frequency and may be used to determine the 
speed of rotation of the illuminated object. 

A very small tube rectifier has been developed, rated 
at 3/10 of an ampere and 6,000 volts. This rectifier 
is in. long and 1)^ in. in diameter. It can be 
operated satisfactorily up to 10,000 volts and under 
special conditions, has been carried as high as 30,000 
volts. These tubes are particularly suited for airplane 
radio transmitters. 

A new oscilloscope with a linear time axis has been 
developed which employs a new type of cathode ray 
tube for its essential element. This oscilloscope has 
the advantage over previous types in that it has a 
larger field and the illumination is very much greater, 
making it possible to observe recurrent phenomena in 
a well lighted room. Non-recmrent phenomena lasting 
for a few microseconds, can also be observed readily 
for qualitative results. For recurrent phenomena the 
cathode beam may be synchronized so that the image 
appears stationary. 

An automatic traffic control system has beai de¬ 
veloped and put into experimentsd use on mjun high¬ 
ways, using a beam of light crossing the ride streets. 
When a car or other vehicle approaches the main 
highway on the side street, the beam is intercepted, 
thus cauring a photocell to act giving the minor 
street the green light. 

There has been developed in Germany another 
application of the light senritive devices for the purpose 
of stopping railroad trains. light from the headlight 
of the locomotive is reflected from a mirror on the 
semaphore and returns to photocells on the locomotive, 
which when illuminated operate the autonmtic stop 
mechanism. 

There has recently come into general use in this 
country the electric photo-flash lamp which was de¬ 
veloped in Germany and is used as a substitute for 
flash-light powder. The bulb contains a quantity of 
aluminum foil in an atmosphere of oxygen. A small 
filament, when heated electrically, causes the al umin um 
foil and oxygen to combine with an intense illumination. 
The elimi^tion of noise and smoke is greatly appre¬ 
ciated by the average audience. 

> Studies and applications of piezo electric quartz 
crystals have been continued at Wesleyan Unive^ty. 
By means of the cathode ray oscillo^ph, the rate of 
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dying away of the oscillations of these crystal resonators 
been studied. It has been found that a 600- 
Idloeycle crystal started vibrating and left to itself, 
makes 60,000 vibrations before its amplitude falls to 
1 per cent of its initial value. Various types of mount¬ 
ings for the crystals as well as the effect of the shape, 
cut and material of the crystal itself are being studied. 
A determination of the viscosity of quartz as a function 
of frequency is yielded by the above measurements. 
The coefficient of viscosity or quartz is approximately 
five at 600 kilocycles as contrasted with 600 for alu¬ 
minum at 60 kilocycles and with values of the order of 
10* ordinarily quoted for the low-frequency viscosities 
of metals. 

A very accurate clock developed by the Bell Tele¬ 
phone Laboratories was exhibited at Cleveland last 
December, which is unique in that it is controlled 
electrically by a spherical quartz <aystal. 

The Stevens Institute of Technology reports the 
development of a clock which is automatically corrected 
by the standard radio time signals. 

The limitations and advantages of commutation and 
current collection in hydrogen have been detained 
by laboratory and comm^ial experiments. In gen- 
mal, in the hydrogen atmosphere there results a lower 
cont^ drop. Satisfactory operation and long life are 
obt^ed if sparking is kept low. If appreciable spark¬ 
ing is present the humidity must be kept low. 

The application of the helical groove to slip rings 
and commutators has been developed and applied 
commercially. Under severe conditions of commuta¬ 


tion and current collection this apparently reduces 
brush wear and improves the electrical operation by 
reducing the formation of local hot spots; also better 
distribution of current between parallel brushes results. 

A smple of commercial hipemik (a 50 per cent 
nickel-iron aUoy) has been obtained having a TnAYiTmim 
permeability of 167,000. Test samples from other 
castings have given as high as 13,000 for initial per¬ 
meability and upwards of 40O,OOO for maximum. 

Work during the past year on the fundamental 
nature of arcs and their extinction has given a greater 
insight into the problem of circuit interruption and is 
having a very defimte effect on the design of circuit 
break^s. 

There has been developed a non-destructive magnetic 
weld test meter for use with butt welds, which shows 
some promise commercially. For a given type of weld 
and a definite kind of steel, comparative results on 
welds are quite reliable. 

At the Naval Research Laboratories interesting work 
has been done using the radiographic method for detect¬ 
ing imperfections in large steel forgings. Ordinary 
X-rays can penetrate only three or four inches of steel, 
but by the use of radium it has been possible to obtain 
photographs through twelve inches of steel. The 
radium has the advantage that it can readily be 
transported to the piece to be inspected and requires 
no complicated auxiliary equipment. If thick pieces 
of steel are to be photographed, however, either a long 
time must be used or a considerable quantity of radium 
or radium emanation must be available. 
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Doctor Skinner 
Takes the Helm 

For the first tiiiie in his more than forty years 
of assressive leadership in the electrical 
industry the Institute’s new president takes 
a position vacated by another. Always he 
has pioneered/ developing new processes, 
new departments, new producb, new re¬ 
fin ments; now he assumes leadership of 
the Institute. It is confidently to be ex¬ 
pected that Doctor Skinner’s pioneer spirit, 
keen foresight, and indomitable courage 
will prove invaluable to the Institute. His 
brief message follows. 

FORWARD is the vital watchword, 
now as nevOT before! We now are emerging from ^hat 
perhaps is the most far reaching of the cyclic economic 
disturbances that have occurred during my forty-odd 
years of active service in the electrical industiy. Par 
from bting downcast, however, I have supreme con¬ 
fidence that we are at the b^inning of an era even 
more significant in its possible advances than stny that 
has gone before. 

We are electrifying every industry. We may 
assume that the railroads are looking to electrification 
as one means of retaining transportation snipremsuiy. 
Of profoxmd significsmce is the fsict that by fstr the 
most comprehensive railway electrification is bmng 
undertaken through a coordinated plsin participated 
in by sdl i>arties at interest, including manufacturers 
and operators. Domestic application of electrical 
devices is only well b^^un and the next decade un¬ 
doubtedly will see tremendous advances in tiiis direc¬ 
tion, releating the household and farmstead from 
many drudgeries of the past and present. Thus, 
sketchily, we note that tire electrical engineer is taking 
an ever increatinidy importont place in the affairs 
of the nation. 

In all of this it is evident that tiie American Institute 
of Electrical Engineers has both a great responsibility 
and a great privily to serve with increating effec¬ 
tiveness its more than 18,000 members. To do this 
witii a membership tiiat is as div^sifled in its interests 
as it is far fiung geographicaUy, the Institute must go 
forward feariesdy, revising its policy and procedure as 
required to enable the best possible service to each 
individual member an<heach tedmical interest, Meet¬ 
ing^ musf be arranged better to serve both the local 
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and national interests of Branches, Sections, and 
Districts; publications must be developed to give to 
the specialist his detailed information and to the mem¬ 
bership as a whole an accurate refiection of contem¬ 
porary advances in the art and science of electrical 
engineering; members must be encouraged to partici¬ 
pate more generously in Institute affairs; committees 
must be on the alert to develop their spedal fidds. 
Progress in these directions already has been made; 
^orts under way must be pushed. However, in the 
final analysis, it is only through the loyal aid and whole¬ 
hearted support of each individual member that real 
success can achieved. 

As for myself, I pledge my best efforts toward 
the advancement of the Institute in its many interests, 
and to uphold the best traditions of my illustrious 
predecessors. It is with confidence in the members 
of the Institute, confidence in the future of our indus¬ 
try, and confid^ce in the faith that the American 
Institute of Electrical Engineas can and will serve 
this industry ever more effectively, that I begin my 
term as its president. 




Will Tuned Power Lines 

Eventually Solve Lon^ Distance Transmission? 


A new approach to an important problem in 
the field of electric power is offered by the 
author, who limits his discussion to the 
possibilities of tuned lines rather than their 
practical application. He presents the 
results of extensive research work, and on 
the basis of laboratory experiments points 
out that through the use of higher trans¬ 
mission frequencies, the efficiency of a 
given line might be increased as much as 
500 per cent. 


By 

H. H. SKiLLING 

Associate A. 1. B. B. 


Stanford University, 
Oaliforala 


. . , . IpESS THAN 50 years ago when ele 

tn^ engmeenng was young, there was vital an 
Mtive int«^ in subjects which today are take 
ht^y for granted. In early electric power wor 
not the Imt of these was the question of choosing 
® for a-c. systems; 20 cycles, or 5( 

or 100? It was only natural that discussion pertainm 
to toe frequency question considered principaDy th 
imfrve rnmits of different frequaides from the poin 
^vi^ of electric machinery-generatora, motors, an( 
tr^onuCTs-with practicaBy nothing said of th, 
then simple subject of electric power transmission. 

+ electric power networks o 

^y find themselves definitely committed to certaii 
frequtoaes ^her chosen for various expedient reasons 
N<w there is a definite trend toward the use of mow 
^d longw transmisaon Hum for carrying large blocfcf 
of power from generation centers to load centers. In 
connection the question of transmission stability 
“ considered justifiable to reopen 
^ desirable frequency, and to study it 
It is wen known ol 
that fransmisaon characteristics of a given 
may be improved by the use of frequencies 

tol foSi ^ no general study of 

the mfluence of frequency has been published. 

85-28.1831. con-renttoii, Lake Taho,, Oalltomla. Aogwt 

634 


TOe the fundamental transmission line equations 

= £?,cosh VTFI + vTF I 

^ <• 

I, = Ircosh V2T1 + Er sinh VZYI 

where 


E is volt&ge 
/ is current 

g subscript, signifies generator end of lin 
r subscript, signifies receiving end of line 
Z is impedance per unit length of line 
y is admittance per unit length of line 
I is length of line 


it is most convenient to discuss transmission operation 
m terms of the general dreuit constants: 

A, = cosh V2T I 

= yj sinh VZYI 

D, = cosh -v/Fr I 

Co = yj-^smb V2T1. 


For ordinary transmission lines and for frequencies 
foghffl* than, about 10 cydes per sec., the value of 
factor VE/Y is practically constant and need not be 
^nsider^ as a function of frequency in this discussion. 
Hwce the general dreuit constants are proportional 
to the hyperbolic functions. However, if the resistance 
of the hne m question is low compared with the reac- 
^ce, an£if the leakage from line to line is small, 
factor y/Z YI becomes purely imaginary and 

A, = cos VZY I 


Bo 

Do 

Co 


= y an VTy I 
~ COB VZY I 

. 1 . _ 

= y "^sm VZY I 


■ AUJ/A-A-UK B XVOTS; 


I --ajruiuviB 

I y) indicate absolute values I 
I (magnitude only) time relattonships I 
L 08 indicated by angles omitted. J 


^th Zo — VZIY, the characteristic impedance of the 
line. 

Thus it is made evident why low fr^nency gives 
^d transmission characterises. The desirable con- 
(utioim are low voltage regulation under load, amaii 
charging current wh^ lines are unloaded, and high 
syn(^onous stability. All tiiree of these factors 
reqmre a low value for 5, while synchronous stability 
requires also a v^ue of A, approximately uni^. Both 
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of these conditions are obtainable with low frequency 
because Z and Y both are proportional to frequency, 
and as th^ decrease in value, the tine of VZY I 
decreases while the cotine of the same angle approaches 
unity. 

Conv^sely undesirable transmistion characteristics 
are wicountered when the value of VZY I approadiea 
ir/2, because then the cosine approaches zero while the 
sine is near unity. Operation imder such conditions is 
impractical because (1) regulation is so poor that with 
constant generator voltage the load is required to 
take practically constant current, (2) line charging 
current increases indefinitely as the rectiving volti^e 
rises, and (3) synchronous stability is possible only 
at extremely low power factor. 

K the value of VZY I lies between v/2 and t, 
synchronous loading is quite impostible, but a static 
load may receive power. The static power limit 
(which is determined by voltage regulation and occurs 
at tiie load for which d Pr/d Er = 0) beconaes very 
large as VZ Y I approaches t, because sin ir = 0. 
For the ssone reason charging current to the line is 
very small; hence, transmistion conditions are as good 
when the frequency makes VZY 1 -> t as when the 
frequency is very low, except for the possible lack of 
synchronous stability. 

An important point worthy of detailed contideration 
is tiiat where the frequmicy used makes tiie value of 
VZ Y I tiightiy greater than ir, and synchronous 
stability also is attained. The terminal steady-state 
conditions are identical when VZY I =* A: and when 
VZ YI = k + nn with k representing any value of 
the function and n any integer. The truth of this 
statement fgr the ideali^ case und^ conti.deration is 
evident from the fundamental transnission line equar 
tions. The physical meaning is that tra nsmi s ti on 
is good over a line the length of which is equal to a very 
small faction of a wavelength of the transnoitted 
voltage, and that it is equally good ovor a line the 
length of which is equal to a half wavelength or any 
multiple thereof. But this contideration includes only 
steady-state terminal conditions of a line without 
losses; c^tain modification is necessary before this 
statement may be considered to apply generally. 

When line losses from resistance and leakage are 
not negligible it is best to use the hyperbolic-function 
form of gmimd drcuit constants. No change in the 
general understanding of conditions need occur, but 
the d^niteness of the ideal line is lost; tiie power limit 
now is not infinite (as when V^T I ^ j v) nor is 
synchronoTis stability tither absolutely pmfect or 
absolutely impossible. No longer is it quite true to 
say that j v may be added to VZ YI without changing 
terminal conditions. These things are nearly true, 
butnot quite. 

However, a point of far grater importance than 
line losses is the effect ef terminal machinery. Even 
in the timeliest s^tem the gmieral drcuit constmits 


will be modified by the generator, the transformms, 
and the load. If the apparatus at the sending end 
introduces a smes imp^ance h, and the receiving 
mid apparatus introduces a series impedance Za, the 
gmieral drcuit constants become: 

A. = Vcosh VZYI + V- tinh VZTl 

= Z.tinh VZr 1 -f- (Z, -I- Za) cosh VTtl 

Z\ _ 

+ — 

Co - tinh VZT I 

_ Zt _ 

Do - cosh VZ y 1 + ” 5 “ tinh VZ Y1. 

But if the line is long and the machinery is designed 
to have fdrly low s 3 mchronous reactance, the only 
change in the constants that need be contemplated here 
is that a term must be added to 

B, = Z, tinh VZ YI + Z' cosh VZT I 
whereZ'is the total impedance of the machinery. This 
is an approximation, but it is almost true when the 
value of Vzyi closely approximates ir or is any 
multiple of T. It is not at all applicable if the value 
of V^ I approximates ir/2, but it may be genmally 
used because it applies whmiever transmistion character¬ 
istics are favorable. 

Transient synchronous stability usually is investi¬ 
gated only after line and armature transients have 
died out; therefore as in the case of steady-state 
stability, only teiminal line conditions are effective. 
A half-wavelength line would have the same order of 
trantient stability as a low-frequency line except as 
the terminal machinery might be dtered. 

Traveling Waves 

The nicest desmption of tiie operation of a line is in 
terms of traveling waves. The generator may be con¬ 
sidered as impoting on the line a series of dectro- 
magnetic waves which travel on the line to be more or 
less reflected from the receiving end, setting up a wave 
train traveling back toward the generator. Where 
the line is short a reflected wave returns to the ^nera- 
tor so quickly after its initiation that it still is very 
closely in phase with the wave leaving the generator. 
Under this condition the voltages and currents of tiie 
two wave trains will add algebraically at the load end 
(assuming the load impedance to have the same angle 
as the characteristic impedance of the line) and differ 
by only a small ang^e at the genaiator end. Therefore, 
if attenuation is low the load' voltage will be almost 
equal to, and in phase with, the genm^tor voltage. . 

If the line be Jtengec there will be a correspondingly 
larger diflerencft*?®!; .phase rdation at the gendator 
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betwe«i the outbound and the returning wave. This 
involves trigonometric addition of effective voltages 
and cmrents at the genoator and evffli with low at¬ 
tenuation, line regulation may be bad. Howeva*, if 
the line be of the proper length the r^ected wave 
back at the generator just one cycle after 
its initiation there and consequently in phase with the 


the line already has been mentioned. It was shown 
.that, approximately, 

S. = Z, sinh s/jY I + Z' cosh VZYI 
Since good transmission conditions demand tluit 
= 0, it is desirable that 


anh ^/Z YI 


Z’ 

Z. 


cosh s/Z Y1. 
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Fig, 1. Power limKs of an operating 202-ini. 220- 
Rv. line for normal 60-cycle operation and for 
suggested 447-eyele operation 

next wave leaving the generator. Voltages and cur- 
rents agam will add algebraicaDy and line regulation 
wiU be very good because the reflected wave will in- 
cr^ both end voltages equafly. In this case as 
with the very short hues tiie load voltage will dosdy 

generator voltage (if attenuation is 
low) but 180 deg. out of phase. 

paragraphs have spoken of "long" 

^d short hn^ .This refers to the electrical len^h 

wavelengths rather than miL. 
J^w^, a half-wavelength line is one for which the 
r^ ^ is / w, and Ijence it may be 

opeiatij^ at high frequency or a' 
^ opting at normal frequZy. Lpre- 
So?® balf-wavelength line Le: 
.long and 460 cydes, or 1,400 mi. long and 60 

a Bn. iW 

rt increases 'the:dectrical l«igth of 


T^e hyperbolic cosine may be considered to be unity, 
either positive or native. The lowest value of I 
that approaches a solution of this equation will be 
betw^ ir/2 and ir where the hyperbouc cosine will be 
negative and hence the values of frequency and length 
of line to be chosen should as nearly as possible make 

Z' 

Z. ’ 


sinh VZ YI => + 


Consequently when t«minal apparatus is considered, a 
shorter line or a lower frequency should be used 
those given as representative in the preceding para¬ 
graph. If it is desired further to shorten tlie lino or 
lower the frequency, more inductance may be intro¬ 
duce into the line, preferably in combination with 
^tic condensers across the line; this will result really 
m a section of “artifidal line." 

The presence or absence of synchronous stability for 
any given line may best be found graphically. Such 
methods, based on the drcle diagram of the trans- 
mi^on hne, tell at once the whole story of load limit, 
stabihty, regulation, and other factors. Although 
n^y statements in this paper now appear somewhat 
ob^e m the hght of the equations only, they become 
^ectiy dear when the circle diagrams.are studied. 
The *ap^ unfortunately are too voluminous to 

cww?®^' oaJ obtained from such 

having three 600,000- 
^Ml cables spaced 16 ft. apart in a vertical plane; 

appaiata not mdjdKi. Unda tlM* wn- 
aoo n.t t.v.too(anh V2TJ readi® n minimum at 
447 cydes. Whether or not thwe might be svn- 
^onous stability at this ^quenqr d^nds upon the 
onons r^binery; it is probable that there would 

Aiiaao ^ maximum power per 

P^ to be received at 60 cydes by a unity pow»- 
factor load is about 60,000 kw. LaggiM 

not much better. With transmission at 447 cycles the 

maxmum power (if. suppUed to a static toacUrto^ 

^^e hSt obtemable is more than five timw the 

of a half-wave, 
r ‘l^te simple. The capad- 

balanced against the indnctoce 
d the hne ^t the undedrable effects of both disap^r. 

hs^-wavelength line with no Iossm^ 
^out load, with vdtage UMuntahied by a geaetator 
the voltage at tiie receiving end^d be 




opposite to the voltage at the generator; in the middle 
of the line the voltage would be z«x>. The momen¬ 
tary charge at any point of the line would be propor¬ 
tional to the voltage; hence charging current would 
not need to be supplied from the generator, but merely 
would flow back and forth from one end of the line to 
the other each half cycle. Although there would be 
no current flowing at either end of the line, there would 
be a large current at the middle where the voltage 
would be low. 

If load impedance were equal to the characteristic 
impedance of the line, current and voltage both would 
be constant along the line, but retrogressing angularly 
through 180 deg. The charging current wotdd be 
passed on by each differ^tial section of line to its 
naghbor as the voltage wave travds. Anally to be 
used by the load. 

If load impedance were less than the charactaistic 
impedance, the current would be least at the middle 
of the line where the voltage would be highest. This 
resonant voltage rise is valuable because it makes 
effld^cy and regulation of such a line bett^ than 
could be obtained even from d-c. transmission;' by 
proper insulation, reactance of the tominal madiinery, 
and proper choice of the characteristic impedance of 
the line, resonant voltage rise may be prevented from 
becoming troublesome. 

It is because of the interaction of the distributed 
inductance and capacitance that such a line is called a 
“tuned line.” The timilaiity to a tuned radio circuit 
is striking. 

As evidfflice that a tuned line will behave as predicted 
by the fundamental equations, power was transmitted 
at 60 cycles over a 1,468-mi. artifldal line. The 
characteristics were those of the 220-kv. line previously 
described (which may be recognized as the Pit River 
line of the Pacific Gas and Electric Company, Calif.) 
and the potential used was 127 volts to ground, 0.001 
of the r^ line voltage with a correqmnding factor 
of O.OOQOOl for the power par phase as compared to 
the real line. The recaving end was arranged for 
loading with ather a static impedance of any power- 
factor or with a sin^ie-phase ^nchronous motor. 
Extensive tests were made and the observed character¬ 
istics were found to be in close accord with the com¬ 
puted expectations; synchronous stability of the system 
was found to be exactly as expected. The half-wave¬ 
length line plus the reactance of the synchronous motor 
gave.fair stability. The introduction of reactance into 
the motor leads was found to improve stability greatly, 
at the expense, however, of power limit. When the 
line was shortened to slightly less than a half-wave¬ 
length, it was imposdble to keep the motor in syn¬ 
chronism; no syndu-onous power could be obtained 
althooigh resistance loads continued to'operaf^e. 

Fig. 2 shows reproductions of oscillographic records 
of voltages along the artificial line. Iioad impedance 
was somewhat less £han the charactmstic impedance of 


the line, and there was noticeable resonance. That the 
recdving voltage actually was lower than the sending 
voltage was due to the heavy load, the long line, and the 
unavoidable losses in the artifidal line that do not 
properly represent a true line. Regulation would have 
been worse had the load been applied at an int^- 
mediate point. 



Fig. 2. Tracings from oscillograms showing voltage 
phase relations along a 1 /468-mi. tuned line as com¬ 
pared with generator voltage (dotted) 


While the subject of this paper considers the posd- 
bilities of the tuned line rather than its practical appli¬ 
cation and the details inddent thereto, it seons quite 
reasonable to suggest that it is not at all impostible 
that 400-mi. transmissnon at 160 cycles will offer 
attractive economic postibilities. With the use of 
such a. line of course motor-generator sets probably 
induction machines) would be required for frequency¬ 
changing, but costly synchronous condense would be 
elimihated. Even so conddering the cost of -building 
and maintaining 220-kv. lines it seems reasonable that 
even a relatively large amount of terminal equipment 
could be justified if it would eliminate one long line. 
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Present Practise 
in System Grounding 


In this article are presented the principal 
findings of the institute's joint interconnec¬ 
tion subcommittee after canvassing 32 of the 
country's leading power companies. By 
comparing the results with those outlined in 
a similar report made in 1923, several note¬ 
worthy trends are indicated. Of particular 
note is a decided drift toward solid 
grounding. 


I 0 OBTAIN A CROSS-SECTION 
of present day practise in grounding transmission sys¬ 
tem neutrals, the joint into'connection subcommittee 
of the power generation, protective devices, and trans¬ 
mission and distribution committees of the Institute 
submitted a questionnaire to 39 representative utilities 
throughout the United States; 32 replies were received. 
Data from these replies have been anal 3 rzed and con¬ 
densed, and so far as possible are presented in this article 
in the form of tables and charts. In 1923 the protective 
devices committee through its subcommittee on ground¬ 
ing issued a similar report on the grounding practise of 
that day. Last year, however, it was felt that probably 
there had been sufficient change since 1923 to iustifv 
this second report. 

The term “system” as used here may be defined as a 
certam number of circuit miles conductively connected • 
^t IS, connected by metallic ties. One company 
thertfore, may operate several systems, but on the other 
h^d one system niay overlap two or more prop«lies. 
this d^gnation is necessary because in the problem of 
grommmg, the total mileage of the conductively con- 
nwted transi^on lines is of importance rather 
than the total mileage owned by any one operating 
company, ^ & 

Mrthods of grounding adopted by the companies 
reportmg are given m Pig. 1, which shows the longest 
sm^e system and the average length of all the systems 
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for each class of grounding. Where there are only two 
or three ss^tems of one type they have been reported 
in full, since an average would not be representative. 

Methods Used on Systems op 110-Kv. and Highbk 

Prom the charts it may be noted that 93 per cent 
of the sterns of llO-kv. and above are classified as 
solidly grounded, showing a marked preference for this 
type of grounding. Noteworthy deviations from this 
general practise are indicated as follow: 

1. One company reports solidly grounded neutrals on its ami mi-k v. 
systems except at three substations, whore from 53 to 75 per cent of tho 
transformer capacity is grounded. 

2. Another company grounds only one-third of the transforiiier cai«u!if y 
at one station, but the entire bank capacity at other grounding hications. 

3. A thir d com pany reports using a resisfanco at the generating end 
of its 220-kv. systom. but a reactance at the receiving end. 'rids arranKc- 
ment tends to decrease the angular swing between tlio two otids in cust» of a 
fault to ground, thus Improving system stability. 

4. Stm another company Is using an impodanco grounding dovlci^ lii 
Its most recent 220-ky. transformer Installation. 

There appears to be a tendency in the higher-volt aji^e 
systenM to limit the ground current by either impedance 
or resistance, or by a partial grounding of the total 
transformer capacity. 

Methods Used on Systems op 66-Kv. and Lower 

On systems of 66-kv. and less, the solid grounding 
practase is less prominent.' As may be noted in Fig. 1 

“lii ''“ge 61 per cent of the systems iire 

sohdiy grounded, 9 per cent are grounded through re¬ 
sistance, 8 per cent are grounded through either reactors 
or grading transformers, and 32 per cent have free 
neutrals. Of particular interest in this immediate 
connection are that: 


S-S«H=SsH=: 

the case of the 11- to 14-kv. systems, an almost 
umversal practise is to ground only one generator on 
each b^ swtion. Four companies report grounding the 

Comparisons between Present and 1923 PnAcmE 

EC contained in thU report 

L. C. Stone, who is responsible for the preparation of a 
Wior portion tho 1928 «p„rt, s^o 

stekmg compan^ns between the two. One of these 

comparisons is shown in Table I. ' ot mese 
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TAIJT.M J-C«MPARrSON OP PRESENT AND 1923 METHODS OP 
TRANSMISSION SYSTEM GROUNDING 


M o( litKi <»f grounding 

Presont report 

1923 report 

Mileage 

% Of total 

Mileage 

% of total 

ITiigrotiiidod. 

... 6,310... 

... 9.3.... 

.. 6,385... 

... 20.4 

Solidly grtuitided. 

.. .42,300... 

... 74.5... 

.. 18,376... 

-tt 68 8 

JliLsiHtancx^ grounded. .. 

. . . 6,346... 

. .. 11.1.... 

.. 6,448. . 

20 8 

Reactiiiico grounded . .. 

. .. 2.003... 

... 6.1.... 

100... 

... 0.3 

Total. 

...66.839.., 

, .100.0... 

, .31,808... 

...100.00 


While no radical changes in practise have been ob¬ 
served, some interesting trends are noted. The second 
report covers a total of nearly 57,000 mi. of transmission 
lines, as compared to about 31,000 mi. covered in the 
1923 report. With the exception of approximately 6 
per cent of the total mileage which is reactance 
grounded, all of the increase in mileage covered by the 
second report is solidly grounded. 

In continuing Mr. Stone says that the present report 
clearly indicates a better understanding of the principles 
of system neutral grounding, of the fields for application 
of the various methods, and of the results to be expected. 
The points at which the neutral is grounded must be 
sufficient in number and so located as to permit ade¬ 
quate current flow regardless of the fault location. At 
the same time the neutral ground current must be 
limited to values which will not cause undue damage at 
the point of fault, and which will not produce system 
in.slabiiity. 


In discussing differences in grounding practise be¬ 
tween systems operated at generated voltage and those 
operated at higher than generated voltage, Mr. Stone 
says in part that “of the 36,000 mi. of line reported on as 
operating at 34 kv. or above, approximately 34,000 mi. 
or 90 per cent are solidly grounded, while for the 21,000 
mi. operated below 34 kv., only 65 per cent are solidly 
funded. There are definite reasons for this difference 
in practise: on the high-voltage lines solid grounding 
gives greater benefits from the insulation standpoint, 
while at the same time the ground currents in relation 
to system capacity are relatively low; on the lower- 
voltage systems the fault ground currents are relatively 
large and the insulation benefits from solid grounding 
relatively small.” 

Mr. Stone expresses the belief that further analysis 
of the data will show that while the over-all grounded- 
neutral impedance may be lower than before, ground 
fault cinrents are still limited in value by the sectionaliz- 
ing of the generating station buses. Thus a larger 
element of line impedance is introduced into the ground 
fault circuit than has been the case heretofore. 

Geoond-Wire Protection and Tower Footing 
Resistance 

Over-all practise in the use of ground wires for the 
protection of transmission lines is shown in Fig. 2. 


Kv. 

I54-2Z0 
IZ0-IJ2 
lOO-IIO 
4S- 66 
J4- 44 
^3- 33| 
14- 22 
11-138 






GROUNDING PRACTICE 
Solid Grounoino 

□ m Max. 


sSrAveragc 6 Systems 


-- —1 874 Max. 

344 Average 8 Systems 


Average 15 Systems 


wm 136 Average 32 Systems 


500 Average 26 Systems 
]7$5 Max. , 


1620 Max. 
1556 Max. 


145 Average 28 Systems 


:i'CZ32064 Max.» 


]G97 Max. 


Kv. 

154 -220 
45- 66 
23- 33 
14 - 22 
) I -138 


pSOAver^age 40 ^siems 

ge 40 Systems 

“loo 455 eSo 800 io5o 

Miles of Line Conductively Connected 
*Rartly Cable 

GROUNDING PRACTICE 
Resistamcc Grouhdino 


32378 Max. 


□ 254 [One System] Resistance grounded at sending end 

Reactance grounded at receiving end 


JW 


10 Systems 

-1 528 [One System] 


11131 I Systems 
•" 1 1358 Max. 


~l 257 Max. 

I^Average It Systems 

156 42F ^ . 800 joto .1200“ 


1400 


Kv. 

154-220 
lOO’IIO 
45- 66 


II-1.38 


GROUNDING PRACTICE 
Grounding Transformers and Reactance Grouhdino 

■ 1 254 [One System] Resistance groun^d at^wnding end 


Reactance grounded at receiving end 
1375 [One System] 


] 252 [One System] 


34- 44 JII I [Two Systems] 

23- 33 _1 382 [One System] 

} [Three 


□ 275 Max. 


Kv. 
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34 -44 
23 -33 
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Average BSystemr 


B 66 Max 
4 


^ 82 Average 14 Systems 

So 45 o 6i>0 83 o 

Miles of Line Conductively Connected 


GROUNDING PRACTICE 
Ungrounded Svstems 


Average 5 Systems 
]228 Max. 


> 1_ I tco mpA. 

73 Average 10 Systems 


J83Max. 

Average 13 Systems 

] 289 Max. 


>1_ ■ mdx. 

21 Average 51 Systems 
260 4(i0 


□ 1345 Max. 


Miles of Line Conductively Connected 

Rj. 1, ^sraphical summary f piasent day system 


zoo w 605 853 lOOO 

Miles of Line Conductively Connected 


Ttio 


grounding practise for different voltage ranges 
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In this graphical summary two different percentage 
bases are us^ as follow: 

1. The total length of all lines reported in a given voltage is 
taken as 100 per cent, and the mileage of lines protected by ground wires 
computed as a percentage of that total. 

2. The total mileage in a given voltage class of each individual company 
is taken as 100 per cent, and the mileage of protected lines expressed as a 
percentage of this total. Averages of these percentages for each voltage 
class are the values given in the chart. 

The former gives the practise of the country as a 
whole; the latter tends to show the opinion of trans¬ 
mission engineers better than the first value, perhaps, 
because the short sjrstems are given the same weight as 
the long systems. 

In protecting a line against direct lightning strokes, 
performance of the ground wire depends upon its receiv¬ 
ing the direct strokes and conducting the energy to 
ground without causing flasbovers to the line conduc¬ 
tors. This depends upon the ability of the ground wires 
to remain at a low potential, which in turn is dependent 
largdy upon the tower footing resistance. 

Replies to the question regarding tower footing re¬ 
sistance, however, indicate that but few accurate data 
are available. Hence ho average figures of any value 
can be given either on the basis of general territory or 
nature of soil. One company reports a range of from 


D Pereenlage of Mai length of lines mtecfed 
by Ground Wires 

i Average of each companys percentages of 
lines protected by Ground Wres 



Fi^. 2. Graphical summary of present day practise 
in the use of ground wires 

1 ohm to 68 ohms over a restricted territory. The 
extremes reported by the seven companies repl 3 dng to 
this question are 0.06 ohms and 800 ohms; the average 
22.6 ohms. 

Simultaneous Faults at Dippbrent Locations 

^ In reply to the question, ‘'do you have evidence of 
smiultaneous faults at different locations/' 26 replies 
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received. Of these, sixteen companies report no 
evidence; two report less than 1 per cent; three report 
1 per cent; one reports 5 per cent, and three give replies 
as follow: 

1. One company reports having trouble on a 300-ml. 6d-kv. system 
until it was grounded. The neutral was found to shift to 80 per cent of the 
line-to-ground voltage at the middle of the section when one conductor was 
grounded. 

2. A second company reports no evidence of simultaneous faults on 
their 182- and 220-kv. systems. One 66-kv. and two 22-kv. systems show 
1 per cent or less, one OO-kv. system. 16 per cent, eight 26-kv. and three 
13-kv. systems (mostly overhead) show 33 per cent, as indicated by relay 
operations. 

3. A third company operating an imgrounded system reports conclusive 
evidence of arcing grounds without stating any figure for this type of fault. 

In all cases, the evidence was taken from relay op^a- 
tions or from automatic oscillograph data. 

In discussing this phase of the report Mr. Stone says 
that double simultaneous faults at different parts of 
a S 3 fstem are of particular importance because of the 
difidculties in many cases of providing relaying to isol- 
late such faults without service interruption. Natu¬ 
rally in an ungrounded s 3 rstem simultaneous faults 
are charged to ardng grounds. In a properly grounded 
system arcing grounds should be impossible so that 
simultaneous faults here may be assumed to betheresolt 
of the rise in voltage on two phases when the third phase 
is grounded. The question then arises as to whether 
a relatively small reduction of fault voltage by lowering 
the ground impedance will correct the situation, or 
whether the insulation should not be suflicient to, with¬ 
stand these excess voltages for the short p^ods 
reqinred for relay operation. The solution to this per¬ 
plexing problem does not seem to be in reducing the 
impedance of the neutral ground circuit but rather in 
laimng the system insulation to a level which will permit 
it to withstand the overvoltages prescribed by standard 
A. I. E. E. tests. 


Types op Faults 

Regarding the division of the faults into the four 
classes, (1) one conductor to ground, (2) two conduc¬ 
tors to ground, (8) phase-to-phase ^ort circuit, and 
(4) three-phase short circuit, 27 replies were received. 
These are given in Table II as percentages of the total 
number of faults. The figures listed include both over¬ 
head and imderground lines. 

Ground Current and Relay Operation 

All companies except two report sufficient current 
for relaying pu^oses. In these two exceptions a lack of 
proper selectivity was encountered at times of li ght load. 
Loss of synchronous load caused by ground faults is 
rare; only seven companies report having eiqjerieaiced 
this occasionally, while one •company reports mtddng 
changes in its relay equipment to ratify this di^dultyJ 
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TABLE II- 

-DISTRIBUTION OF DIFFERENT TYRES OF FAULTS 
ON 27 SYSTEMS 


One coud. 

Two cond. 

Fh.-to-ph. 

Three-phase 


to ground 

to ground 

short circuit 

short circuit 

Maximum.. 

.97. 

.45. 

.54. 

.36 

Average,... 

.69. 

.14. 

.11. 

.6 

Minimum.. 

.30. 

.0. 

.0. 

.0 


In concluding his discusaon Mr. Stone says that the 
problem of system grounding is only one phase of a 
greater g^eral problem facing power engines today— 
that of reducing insulation fmlures. However, because 
of the extensive research in progress, and of the definite 
advances bang made, he luges an optimistic point of 
view on this subject. 


Engineering 
and Human Happiness 


By 

W. S. LEE 
ROY V. WRIGHT 
ROBERT E. TALLY 
H. HOBART PORTER 

FRANCIS LEE STUART President 

A. S. O. S. 


Throughout the ages man 

has dreamed of relief from toil, of the bountiful supply¬ 
ing of his needs, and the attainment of comfort and 
luxury. He has struggled toward an ideal state in 
which these satisfactions might be enjoyed by all. 
From thar beginnings the litarature of all peoples has 
contained many expressions of man's aspiration for the 
''bettOT life.” Since happiness ever has bear a condi¬ 
tion eamestiy desired by human bangs the time seems 
propitious to ask—^what has aigineering done for 
humanity’s progress toward this objective? What have 
engineae by their applications of scientific knowledge, 
by jjhar control of nature's forces, by their improved 
and ever increasing utilization of new raw materials, 
or by their salvage of former wastes accomplished for 
the good of mankind. 

For two years Admiral Byrd maintained 82 men 
under the most inhospitable climatic conditions to be 
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found on earth! And they were comparatively com¬ 
fortable and wa:e happy in thtir adventurous enter¬ 
prise. In contrast to the utter isolation of earlier 
exploring parties is the striking fact that throughout the 
period, persons in America and other regions thousands 
of miles away talked with him easily. Mtillions of men 
in all civilized countries daUy heard by radio or read 
in th^ newspapers of the a^evements, the dangers, 
the sports of this intrepid band. 

On Inlay 12,1981, Capt. Frank M. Hawks flew from 
London to Berliu, arriving there ahead of a tdegram 
despatched coinddfflit with his start. On July 2,1931, 
Gatty and Post completed in less than nine days a trip 
around the world. Startling exemplifications of engi¬ 
neering developments, these, and yet readers of morn¬ 
ing nev^papers hardly so much as wondaed at the 
feats. 

Dmly, on the tables of millions of Americans of 
modest incomes are to be found artides of diet brought 
at low cost from places near and far by the .most 
effident transportation fadUties the world ever has 
possessed. In the area known as continental U. S. A. 
X>erhaps as many as two million savages formerly sus¬ 
tained themsdves precariously by hunting,* fidiing, 
and the crudest of agriculture.; Within the same 
boundaries some 60 times as many hunran beings now 
possess means for supplying all thdr needs abundantly, 
together with many comforts and luxuries to say noth¬ 
ing of export. These multitudes also have facilities 
for education, many fine collections of art, and vast 
riches of other kinds sudi as ev«i theidngs and noblesno 
longer ago tha.fi when our grandfathers w«?e boys could 
not have commanded. 

Yet these items mention only a few examples of the 
many benefits which sdence, engineering, and chemistry 
have made possible within a half century to and through 
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industty and commerce. How came these things to be 
looked upon as being so commonplace? 

Modem man has come to accept as matters of course, 
one after another: unfailing supplies of good water 
conveniently delivered; sanitary ^posal of sewage and 
refuse; more and better artificial light; steadily 
cheapening power convaiiently applied; greatly im¬ 
proved facilities for communication (some of them 
almost instantaneous over long distances); better built 
and better equipped houses and working places; many 
means for rapid and enjoyable individual travel; 
commercial transportation remarkably low in cost and 
not only speedy, but also capable of carrying many 
commodities not formerly transportable; high explo¬ 
sives safe and convenient for many uses; recording 
devices that include besides, tiie printing press, the 
camera, the phonograph, the “talking” film, and 
almost innumerable equipments and methods for 
special pmposes; machinery for preparing and pre- 
smving foo^ in great variety; machines for inalring 
all forms of clothing and the materials therefor; novel 
^uipment for entertainmait and sports; farming 
implements; and tools of capacity, power, precision, 
and delicacy beyond the conc^tion of persons un¬ 
familiar with modem manufactu^g. 

These all are products of science, engineering, and 
applied chemistry, given to mankind through industry 
and commerce. It is of particular importance to note 
well also that progress made by science and engineoing 
is ground pemumenMy gained, a place from which to 
“take off” for further advances. Standards of living 
constantly are being elevated. 

HowevCT, even the engineers, chemists, and indus¬ 
trialists who have provided present day sodety with its 
astounding equipment have givm relatively little 
thought to the deeper- effects of their achievements 
toward the lives and charactes of men and communi¬ 
ties md peoples. Of the painful present effects of 
individual and concerted neglect of immaterial (or 
spiritual) consequences. Progress is demanding a 
reckoning. Capacity to produce has been achieved; 
and the ability to discover and develop more and better 
goods and services made part of the world's present 
equipment. 

But, how to divide the benefits of engineering progress 
properly has not yet been learned sufficiently well to 
petmt miuntenance through well ordered production, 
distribution, and consiunption without disastrous 
fiu<^tion of enjoyment. Po-haps the methods of 
engineering and sdorce could be applied beneficially 
to some features of this problem also, supplementing 
progressive business methods. 

In m effort to effect a worthwhile contribution in tiiis 
direction. The Engineering Foundation has invited an 
imposing array of highly qualified persons to comment 
upon.various.phases of the ^«al subject of engineering 
dcyelopm^ts* relationship to human progress and 
happiness* The first of these, articles appears here; 
others are expected to eventuate. 
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Has Man Benefited By 
Engineering Progress? 

A noted research worker^ head of a modem 
laboratory, decides that the life of the 
future will simulate the life of the ancients; 
built, however, on a foundation of modem 
engineering. 

By 

C. E. KENNETH MEES Eastman Kodak Co.. 

Rochester, New York 


In considering the fundamental 
problem of whether engineering progress-^mder which 
term the engineer probably will modestly include the 
development of science and the arts through the ages— 
has been on the whole a benefit to mankind^ it is neces¬ 
sary first to define what is meant by *T)enefit.^^ This 
involves a consideration of the aim or purpose which 
may be ascribed to man's life on the earth. 

This aim depends upon the person ascribing. The 
biologist probably would say that that purpose was 
the reproduction of the species; the mystic that the 
chief aim of man was to worship and glorify his maker; 
the materialist that it was to achieve happiness; while 
the Greek philosopher would say that it was to in¬ 
crease his knowledge of good. In considering the effect 
of scientific progress through the ages, therefore, one 
must consider its effect upon each one of these aims 
as well as upon any others which may occur to him. 

If the purpose of the race is to multiply the species, 
then engineering progress certainly has been successful, 
since the population of the world is increasihg rapidly 
and promises to become a very great problem in the 
near future. 

To the mystic, the advance of dviUzation seems to 
offer no consolation. If man is more ethical than he 
used to be, he certainly is becoming less religious, and 
whatever future developments may show, at present 
engineering can claim no triumphs in the field of religion. 

This leaves only the last two categories: the acquisi¬ 
tion of happiness by the individual, and his progress 
towards a knowledge of good. It is under these two 
headings that my colleagues would think that engineer¬ 
ing progress has been of benefit to mankind, including 
under the heading of happiness all the material benefits 

EIrst of a series of artides written expressly for The En ginaiMria g Voimdap 
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which it has conferred, and \mder the heading of good 
all the cultural and intellectual benefits. 

Happiness, howeva*, is not a thing which depends 
upon the i>ossession of material things beyond a certain 
minimum. Happiness depends only upon the spirit, 
provided that spirit is not oppress^ by the matmal 
situation of the body; it is fundamentaOy a by-product 
of activity of some kind. A man can be happy in 
arduous toil or in nerve-racking sport; he can be happy 
in intellectual relaxation; he can be happy, passively 
happy at any rate, in mere contemplation. Has not 
almost everyone heard of contented cows? 

The one great gift of science to the world has been 
the diminution of disease. Diseases due to micro¬ 
organisms, espedally those which afflict the young, are 
diminishing rapidly as a result of the exploration of 
their natures and an application of the discoveries 
made. In their turn diseases due to deficiency are 
bmng diminished and eventually will be destroyed. 
One may look forward without doubt to a world in 
which widespread pestilaices can exist no more. This 
certainly is a benefit to man which may be claimed by 
engineering. 

But apart from this, I doubt if the life of the agri¬ 
culturist in any country today is any happier than was 
that of a peasant in the Nile Valley 4,000 years ago. 
It is true that in the more .advanced countries he has 
had great aid in his struggle with the pests that afflicted 
his crops and that in many cases as the result of applied 
engineering, he has had irrigation supplied, the first 
engineers to do this having lived more than 40 centuri^ 
ago. Moreover, in a few countries, and especially in 
the United States, machinery has reduced the heavy 
labor of the old-time farmer and has added many 
comforts to his domestic life. But, while machinery 
asfflsted the fanner at first, it now is tmdermining his 
status and. pCThaps may end by eliminating him. 
Hence the old normal life of man in which he cultivated 
the soil and lived on the crops, exchanging a small 
surplus for goods produced by somebody else, is passing 
possibly never to return. Engineering can produce that 
surplus and supply it to the consumer at a far lower 
labor cost than can the individual producer, and 
throughout the world economists and statesmen are 
conridering the future of the farmer with troubled 
faces, remembering that farming is the normal life of 
man and that any other life for the m^ of m a nk i nd 
involves tremendous readjustment in, our whole 
economic and sodal system. 

To turn from the agriculturist to the town dweller 
and even to the intellectual of the <aty, will any student 
of history agree that the inhabitants of an American 
city are any happier on the whole than those of a 
Greek or a Babylonian city of the past? This is a 
thing difficult to assess, but for myself, if I could 
exchsmge the life in a modern dty for a life in Athens 
of the Pwiclean age or Thebes under the eighteenth 
dynasty, I think that <indoubtedly I should acrept it. 


In those days there was more leisure, more opportunity 
for the exchange of ideas, less pressure, and less 
emphasis on material things. There is little that a 
man can get today which he could not have had in 
Athens. It is better to walk a short distance than ride 
a long one. It is better to talk to one’s friends and 
attend to one’s business in a leisurely manner than to 
da«h off to the office, returning in the evening tired, 
life in a small city in a house with a garden is better, 
it seems to me, than is a life in the inevitable apart¬ 
ment of the large dty.. Perhaps it may be daimed that 
the urban worker has gained many comforts by the prog¬ 
ress of engineering and that in recent years, at any rate, 
life in the sordid slums of our great dties has been miti¬ 
gated by technical progress. It may be true that a 
factory operative in modem American t^tiles has a 
much greater chance of happiness than a corresponding 
operation in an Old World mill town of 70 years ago. 
But it seems to me that undo* those factory conditions 
of the first half of the nineteenth century the nadir of 
human existence was reached and that more properly 
the lot of the modem worker might be compared with 
the poorer classes of the great dties of the ancient 
world before the machines of the engineer had begun 
to replace the handwork of the craftsman. And I feel 
t-hftt a freeman of the Roman Empire, an apprentice of 
the nuddle ages, and perhaps even a Grecian Helot, 
had at least as good a chance for happiness as have 
most modem factory workers. 

When one turns to the highest aim of mankind, that 
which we may define as progress in culture, it seems to 
me that the modem world is very much less satisfsdng 
than the world of the past. Culture primarily demands 
Idsure, and at the present moment, at any rate, Idsure 
is conspicuously lacking; it demands intellectual de¬ 
tachment, and intellectual detachment is exceedingly 
hard to accomplish. 

Some of my colleagues may urge that engineering 
progress has contributed to international under¬ 
standings; to this I would enter a definite objection. 

I doubt if nations ever have hated one another so fer¬ 
vently as they do at the present moment. Looking 
back on history, one can watch the waxing and waning 
of international good feeling; at the present moment it 
seems to me it is nearly at a minimum. 

What then of the future? Shall scientific progress 
stop in an effort to get back to a world of the past? 
To this I should say that such discusaon is futile. 
Scientific progress will continue and will be accelerated. 
In my opinion acceleration will end finally in a revo¬ 
lution of the whole social and economic life. Wlmt form 
that revolution will take and what lype of life will come 
out of it, cannot be foretold, but I believe that in some 
rejects the life of the future will be' closer to the life 
of the past than to the life of today. I b^eve that h 
large portion of mankind will abandon the feverteh 
quest for material things and will employ g^ter 
Irisure for the devdopment of art and the cultivation of 
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soul. This Utopia of the future may be posable 
primarily because of engineering progress, and in that 
sense engineering progress may be at some time a 
blessing to mankind. Up to the present time I doubt 
whether on the whole it has been. 


Editor s Notes Pursuant to the Invitation of The Engineering Pounda- 
tion, th editors Tirill be happy to receive comments, suggestions, criticisms, 
or discussions pertaining to this or the other articles published In this series. 


An A-C. Network 



for Portland, Oregon 


Fig. 1. underground distribution system of 

the Northwestern Electric Company, Portland, 
Oregon 


An underground distribution system com¬ 
prising duplicate ll-kv. primary feeders 
and an isolated network secondary system 
is adopted to supplement existing d-c. and 
radial 2.4*l(v. systems. Provsion for bum- 
off is not made; special junction boxes were 
developed. 


By 

S. B. CLARK N, W. Electric Oo., 

Non-member Portland, Oregon 


In making the economic studies preceding the latest 
trend in the company’s distribution practise, due con- 
fflderation was given to the present a-c. and d-c. sec¬ 
tion^ lo^ density and to capital investment in the 
fisting distribution sjrstms. Eliminatingd-c. distribu¬ 
tion as a factor in future demands, three types of a-c. 
distribution pl^t were considmed, with capacities 
based upon anticipated load growth and costs 
on each for purposes of economic comparisons. The 
three types were: 


“’**•"* 2.«ct. three-plMM primary network with 
radial single-phase and three-phase secondary circuits. 


I 


Jn common with other utilities serving 
of relatively rapid load growth, the Northwestern 
Hectnc Company which serves portions of Portland, 
Oregon, recently was faced with the problem of con¬ 
ge^ underground feeders and the prospect of further 
load growa. To supplemait the three-wire d-c. Edison 
system originally installed in 1914 to serve tire down¬ 
town underground district, the company placed in 
se^ce in 1920 several radial a-c. three-phase 2.4-kv. 
prunary feeders, later networked for load transfer 
ptlTposes. At the same time radial secondary circuits 
^ duplicate single-phase transformer hanlre 
^*** 1 ^^^®^* lighting, and to dosed-delta banks for 
isolated power loads, also were installed. In 1980 the 
c^pahy completed further steps in its distribution 

“ 11-tv. dupKcate 
SK ^ secondary distribution 

't m some respects from any system now 




Oonrentlon. Liike Tihoe. om. 


w* ausuiae 2,«-KT. xoTee-piiase primary alons mdiAi 
linasTBlthfour-Trire 120 - 208 -voltYnetworkseconaary. ^ 

1 , w ’rtth m-2ie-T0lt Y seeondary; the 

ri4cT. feeders to be (e) radial, (b) loop, or (c) dnplteate. 

Comparative cost data which influenced the final 
selection of system are given in Table I. All costs of 
course are based upon actual conditions peculiar to 
Portland, incluitog ^e Pittock station's limited capac¬ 
ity together with its correspondingly large capital 
mvestxnent in 2.4-kv. station primary equipmmit and 
the la^e capital investment in a reliable 2.4-kv. dis- 
tiibirtion S3?stem, neither of which could be <tifad< rde d 
within acc^table economic limits. Load forecasts 
indicated that the area of some 40 dty blocks adjacent 
to the station eventually would devdop a load dAmp^H 
equivalent to the existing capadty of Pittock 
Thus the devdopmeht plan dedded upon withdraws 
some of the longer 2.4-kv. feeders from sections outside 
that adjacent area, releasing station and feeder capadiy 
for area use and picking up with the newer distribution 
plant the outside sections as well as extrmnely heavy 

concentrated loads within the adjacent area. 

The cost data of Table I reveal the reason for the 
sdection of the 11-kv. dupUcato primwy, 125-216-volt 
four-wire radial secondary for the Nbrthweatem oom- 

EitGCTEICM. EjNGli^ESi^G ' 








noted in Pig. 1, taps from each feeder cable are cam&d 
into each, vault with no switching protection provided 
^cept station circuit breafca^ between the station bus 
and station transformers. Either three single-conductor 
250,000-cir. mil or 360,000-cir. mil paper cables (three 
cables installed in one duct and paralleled where load 
conditions demand) wwe adopted as maximum standard 
for secondary mains. 

The standard vault provided for in this system plan 
is 22 ft. in length and 16 ft. in width with 10-ft. head- 
room. They are designed to accommodate duplicate 
hanVfi of three 200-kva. single-phase transformers, with 
the secondary leads from each baitk networked within 
the vault. However, the installation of the 200-kva. 
units will be made only when and as required by heavy 
concentrated building loads fed directly from the vault. 
In many cases three-phase transformers could have 
been utilized more economically than single-phase unit, 
but space restrictions in many important locations 
precluded the use of the necessarily large manhole 
openings. 

R«novable cell walls are provided to separate the 
11-kv. transformers from the rest of the vault. The 
transformers used are of standard submersible network 
type with spedallow-volti^e windings for providing the 
125 - 216 -voltYinsteadof theusuall20-208-voltY service. 
Three 2.5 per cent voltage taps are provided for in- 
pany’s Portland underground system. The slightly creasing secondary voltage and special insulated stods 
better cost showing of the 11-kv. loop system could not extending throu^ the transforms caring are provided 
be realized practically, because proper sectionalizing to permit the extent evolution of a three-phase 
switches with pilot relays and control were not available dosed-ddta b^ in the event of an extremdy hea^ 
from manufacturers without appreciable development pows load being encountered mth factors uinavorable 
work In ragging it should be noted that had existing for connection to the four-wire system. All trans¬ 
conditions been more favorable to the adoption of a formers have an inherent impedance of 5 ps cent, 
more system, there would have resulted appre- General details of vault design are shown in Pig. 2. 

ciable reduction in costs ps kva. as compared with Spedal grounding and other safety precautions have 
those of Table I. been observed and a special pilot-light signal system 

The general of the 11-kv. tie-lines between the conveys information to the Pittock station op^tor 
Lincoln steam plant, Pittock station, and Taylor and revealing to him the op«i or closed porition of the 11-kv. 
Albina substations, as well as the tie-lines for the net- network protectors, the presence of high mter, or 
work vaults now in service, are shown in Pig. 1. The dangerously high temperatures in cables or tra^ormers. 
Albina substation is the general distribution point for This pilot system eliminates the necessity of constant 
the company's hydroelectric power. Three-conductor inspection for operating information and also s^es 
260,000-<ar. nul, 15/32-in. paper, type-H cable was as an automatic indication of network svntch position 
installed as the standard 11-kv. feeder. As may be when a feeder is taken out of service. 


Table I—Comparative Cost Data on Distribution Systems 



Coi^structlen costs 


CesrylBii charges 


* 

System 

Per 

installed 

kva. 

Per 

effective 

kva. 

Investment 
i*% 
per leva. 

Snergy 
losses 
per kw-yr. 

Total 


. 101,00... 

...$187.00... 
... 101.00... 

....$19.21. . 

.$20.24. 

. 5.00. 

.$89.45 
. 19.15 

2!4-kv. radial primary with network secondary.... 

_ 77.00... 

... U9.00... 
... 78,00... 

. 17.00.. 

. 10.80., 

. 5.00. 

. 2.20. 

. 22.00 
. 13.00 

ll"ky» radlm primary witn neuworjc seconaary.. 

Aft.00... 

.... 70.00... 


. 2.20. 

. 11.70 

duplicate primary with radial secondary. 

with network secondary.. 


... 81,00... 

. 11.10.. 

€% AlC 

. 2.20. 

2 20 

. 13.80 
11,66 

Jl-kv. loop primary with radl^ secondary.. 

, with petfwork secondary... 

. 78.70... 

,,.. . 69.00... 
.... $0.00... 

. 11.00.. 

. 2.20. 

.. 13.20 
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Fig. 2. Schematic arrangement of the floor and four 
walls of a standard ll-kv..underground vault 

(1) 100-kva. 11,000/126-216-voir., simrle-phase taransformers. 
(2) Three-poalUon submersible groundliig switch. (S) 1,200- 
ampere automatic network switch. (4) Pour-way three-phase 
Junction box. (6) Single-phase paralleling reactors. (6) 
Pilot-wire cable Junction box. (7) High-water float and 
control switch. (8) Sump-pump float control. (9) Sirocco 
ventilating fans. (10) Three-conductor lead-covered 11-kv. 
cable. (11) Single-conductor lead-covered 11-kv. cable. 
(12) 240-volt mains to sec. network. (13) System neutral. 
(14) Junction-box bus. (15) Pilot cable. 
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Fig. 3. Company $ special design of junction box 


During the study of existing network systems it 
became apparent that particularly along the Atlantic 
Seaboard, networks were being designed with an 
inh^ent ability to clear all secondary faults even at 
the expense of appredable extra investment. However, 
on the basis of data available covering eastern operating 
experiences and construction costs, and on the basis of 


aluminum alloy (92 p^ cent aluminum, 8 per cent 
copper). Buses and terminals for the buses between 
boxes, and terminals for connection to network switches, 
have a normal rated capacity of 1,600 amperes, while 
the six terminals for main and service connections have 
a nomml rated capacity of 600 amperes each. All unit 
parts are mounted on a separate practise of 1-in. 
ebony asbestos with barriers between conductors of 
opposite polarity. Buses are of single castings machined 
for linkage to network switch leads, junction box, con¬ 
necting buses, and fuse positions to main and service 
leads. Submersible terminals are provided only for 
service and main connections to insure ag^nst moisture 
penetrating the paper insulation should the jimction 
box become submerged. Where conditions require 
capacity for a heavy powff load, and with a direct 



Fig. 4. 11-lev. basement vault construction 


Portland operating experience which indicated that 
secondary faults rarely occur, it was decided that for 
the Portland system, additional capacity to provide 
for the burning clear of secondary-main faults was un¬ 
warranted. It was decided also that until results are 
available from wider operating ^erience, large solid- 
type networks should be avoided. 

In view of tiie foregoing, and following the practise 
of some compames to insure against transformer damage 
or severe secondary cable bum-outs (^>ecially where 
cables are mechanically injured) junction boxes were 
provided between network switches and outgoing con¬ 
ductors with both mains and services heavily fused. 
The first of th«e boxes to be installed were of standard 
manufacture and 1,200-ampere capacity; but the design 
did not prove to be entirely sati^actory. Thus a new 
design (Kg. 8) was developed and to date is assembled 
in the company’s shop. The non-submersible case is of 


service into a building, power service is supplied from 
one junction box, while lighting service is taken from 
the other. Under these conditions the necessary re¬ 
actance (item No. 6, Kg. 2) is connected in the buses 
between the two junction boxes. 

All new 11-kv. vaults are made waterproof in so far 
as possible, and without sewer connections although a 
small automatic sump-pump is provided to care for 
possible leakage. As ventilation becomes necessary a 
mechanical system of forced ventilation is installed. 
This ventilation sjnstem has been in use for some tune 
on the 2.4-kv. distribution systan, and includes a motor 
driven fan which discharges airthrough covered traiches 
in the vault floor, from which ducts lead into low metal 
cone housings at the bottoms of the transformers, thus 
fordng a thin sheet of air upward along each trans¬ 
former casing, providing an effective and ^d^t means 
of cooh'ng. The fan units thermodntically con- 
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trolled by transformer oil temperature, and as previously 
mentioned a high temperature alarm at the Pittock 
station is sounded by means of a contact-making thamo- 
stat in each transformer bank upon the event of danger¬ 
ously high temperatures. 

Vaults for 11-kv. primary, 125-216-volt Y secondary 
service often are placed within buildings, but under such 
circumstances cannot be standardized as readily as 
those in street areas, although of course certain identical 
features are retained. One example of a “near stand¬ 
ard" is in service 64 ft. below street level in the sub¬ 
basement of a department store. This vault is 25 x 27 ft. 
in plan with cell compartments for each transformer, 
and serves a demand of 776 kw. for lighting and 1,500 
kw. for power. 

The vault is supplied by duplicate feeders (Fig. 4 
shows typical construction) each connected to two 460- 
kva. three-phase ll-kv./125-216-volt vault-type trans¬ 
formers connected delta on the primary and Y on the 


of 1,000 cu. ft. of air per min. serves to keep tempera¬ 
tures within desired opaating limits. This building 
vault is networked through 1,600-ampere submCTsible 
network protectors to a street vault which contains six 
160-kva. single-phase transformers with standard 11- 
kv. vault secondary connections. 

The 11-kv. duplicate primary and isolated network 
secondary system has been in operation for several 
months, and to date no trouble excepting the necesi^y 
adjustment of network protector relays has been experi¬ 
enced. Three-phase motor operation has been entirely 
satisfactory on the foim-wire system, even on the longer 
secondary mains. In cases where the d-c. or the 
three-phase a-c. power has been changed to the 
four-wire service, booster transformers to obviate any 
possible chance of voltage complaint have been 
installed in all cases where large ranges, bake ovens, 
lead melting pots, or othw amilar concentrated loads 
are encountered. 



secondary. Secondary leads from each transformer 
feed through floor frenches to 1,600-ampere, three-pole 
open-t]^ network protectors on one of the cell walls 
(Fig. 5). The load sides of the network protectors are 
connected to light and power buses suspended from the 
ceiling, the two buses being tied together by a smaller 
auxiliary bus to which the network noains from the 
street are connected. On this auxiliary bus, reactance 
is installed between the power and light buses to pre¬ 
vent objectionable voltage drop on the building lighting 
circuits. 

In this installation all metering is accomplished by 
current transformers installed in the secondary light 
and power buses. Temperature and switch position 
indicators at Pittock station are provided ^ before 
mentioned, and telephone connection is provided be- 
twemi the vault, Pittock station, and the imdeiground 
superintendent’s office. Forced ventilation at the rate 


Fig. 5. Secondary construction in basement vault 
for st re light and power.seryice - 
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Development of 
Gaseous-Tube Lighting 


By 

D. F. MOORE Oonsuitlug Engineer 
Pdtow A. 1. B. E. . “““O Orango. N. J. 


Although what appears to be a multiplicity 
of different types of gaseous-conduction 
lamps have been developed, these are 
classified into a total of only sixteen groups. 
Outstanding developmento in this cla^ of 
lighting also are described in this article. 


A™ _o _ 

seats a form of gaseous-conduction lighting which 
was observed by man millions of. years ago, there are in 
practical use today only two gmeral classes of gaseous- 
conduction devices. These two classes include (1) the 
non-luminous tyi>e—^X-ray tubes, radio, and similar 
tubes, and (2) tire luminous type to which tins and the 
succeeding article are devoted. Although hundreds of 
devices in this second general classification appear to 
differ greatly in appearance and construction, they can 
be divided further into two general classes: (1) those of 
the positive column, and (2) those employing the 
negative glow. If eadb of these two classes is further 
subdivided into high- and low-voltage lamps, respec¬ 
tively, and these again subdivided into convenient 
groups, a total of sixtem groups of these lamps will 
result and under these practicdly all gas^us conduc¬ 
tion tubes of the luminous type can be classified. (See 
accompanying tabulation.) 

Perhaps best known among the various types of 
lamps are those of groups 1 and 9. Those of group 1, 
composed of script tigns now popularly called neon 
signs, have grown so num^us during recent years 
that they have bem said to “paint red the main streets 
of the whole world.”. Those in group 9, of which the 
ordinary photograph^s mercury-vapor lamp is a 
familiar example, came into use as early as 1896. 
Although at presort these two groups nre the most 
widely used of any of the tixteor, it shordd be borne in 
mind that any group at any time may assume increased 
hnportance. 

The complete history of luminous gaseous-conduction 
lamps would reajd in mu<h the same manner as that of 
trrany other outstanding developments of the presort 
age. like other developments, tire preserrt state of tire 
art has been nrade possible orrly through a long period 

Written tpetltily tor Xi.M;*aiOAi> BHOtmsniwa and bued (qm aa- 
oialwteantetioiibaroMtlwniaminationl^ronpoftliaNewToric SecUon, 
A.I.B. E., MarlSiS. IQBl. Itatpubllaliedlnpaiiiplilatfonn. 
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An early (1905) swipt sign 


of research, nrany diffoent investigators working 
independortiy and contributing to some one particular 
phase of the problem. It may be interesting, however, 
to note a few of the outstanding achievements. 

What nray be regarded as a starting point of the 
present development in script sigirs took place as far 
back as 1858. A glass tube smalls than a lead pencil 
had a platinimr wire melted into each of its ends; 
after most of the air within the tube was removed it 
was touched to a high-voltage frictional machine 
and its interior immediately assumed a luminosity 
of pinkish hue. About a year later the air in the 
tube was replaced by pure gases, while fourteen years 
later a similar tube was lighted from an induction coil 
which in turn rectived its current from a primary 
battery. This type of apparatus paaisted until about 
18M, when efforts were initiated to devise a lamp of this 
t^ which would operate from a low-voltage house¬ 
lighting circiiit. Ck>ntinued and persevering ^ort 
along tins line has resulted in the present state of 
development of the low-voltage lamps; many of the 
outstanding features mentioned in the following para¬ 
graphs are the direct results of radi efforts.. 

Mercury-vapor tubes as mentioned previously were 
first brought out in 1895. These early tubes operated 
on low voltage but required momentary high voltage for 
starting the discharge. The next few years witnessed 
some accomplishment in other directions, and in^ 1899 
tubes about in. in diameter and about 8 ft. long, 
provided with extonal electrodes, were used to ilii^t 
a three-story factory buQding by tuning them to neso- 
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Classification of Gaseous Conduction Lamps 



1. Script signs of the cold-KSithode typ . These 
are in use now throughout practically the entire world, 
and are described In detail in the succeeding urtlde. 

2. This group includes cold-cathod tubes from 1 
to 260 ft. in length. 

3. Portable tmit tubes of the cold-cathode tsrpe 
similar to those In groups 1 and 2. 

4. An ordinary incandescent lamp bulb of con¬ 
temporary form with Its filament replaced by a **gas 
filament*’ consisting of a fine-bore gas-filled glass tube. 

5. Tubes of the ordinary cold-cathode type used in 
a circuit tuned to resonate at the supply frequency. 

6. Hot-cathode tubes designed to operate on low 
itoltage without a special supply transformer. The 
electrode in this case is provided with a filament and 
associated circuit to reduce its potential drop. Tubes 
of this t 3 rpe can he modified for use on either or d-c. 
circuits. 
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7. Tubes to operate on low voltage without a 
transformer or other potential-raising device. .The 
main electrode is equipped with a small additional 
electrode; this electrode provides an electron gap which 
first functions on low voltage thus causing a iong^ I>ost* 
tlve column to form. 

8. Similar to group 7 except that bulbs of various 
sizes are Tisedin place of tubes. 

9. Tubes in which the cathode electrode consists of 
mercury from which is produced the conducting 
mercury vapor. 

10. These are tubes with a cathode consisting of a 
steel button over which is compressed a heavy oxide 
coating for electron production, and penetrated by a 
small hole. These tubes constituted the first vacuum- 
tube rectifiers. 

11. Tubes containing two parallel light-glviug 
electrodes throughout their entire length. 

12. Bulbs with electrodes which when attached to a 
high-voltage drouit become surrounded with a negative 
glow. 

13. Tubes with electrodes which shed corona light 
when attached to low-voltage circuits. 

14. Same as group 12 except that the gas content is 
neon. This is the commonly known '*neon lamp** and 
can be adapted for television work by fitting It with two 
flat-plate electrodes, about 2 in. square separated by a 
Orooke*8 dark space (about 0.01 in.). 

15. Oylindiicol bulbs fitted with two internal 
cylindrical concentric electrodes. At the center of the 
Inner electrode is a small cavity or crater which fills 
with an intense negative-glow light which projects 
Itself ftom'tbe end of the bulb only. The various sizes 
made require ftom0.0001 to about 2.000 amperes. 

10. A bulb containing two tungsten-filament eleo- 
trodes placed end to end with only a small space ha* 
tween. The light is due partly to corona glow, partly 
to incandescent tungsten, and partly to a tungsten arc. 
Usually these bulbs are charged with neon gas. but 
sometimes also contain mercary* 


nate on a 25,000<7de inductor gaaerator used as a 
source of supply. 

Tte year 1906 marked an important development in 
that the first script sign was put into use, and once that 
time the evolution of this t^ of light has been par¬ 
ticularly rapid. The use in Paris in 1910 of nitrogen in a 
tube 150 ft. long marked one of these outstimd^ 
advances. Neon gas was introduced first into a bidb- 
type lamp witii a gas filament in 1913. The significance 

this step is too well jjpiown to.require any further 
comment. 


In 1916, however, an auto-thermic method of fur¬ 
nishing the carbon-dioxide gas then ia common use was 
brought out; a lamp equipped with this device was said 
to give a perfect color value. Later this unit was made 
up with a 100-in. hdrpin tube containing neon (exhib¬ 
it^ at the New York Electrical Show in 1918) and its 
luminous ^dency was shown to equal that of the best 
incandescent lamp then available. Neon has found 
continued use through later developments right up to 
the pi^^sent time not only for sign lighting but also for 
.many of the oth^ types of tubes and bulbs listed in the 
tabdation. 

The future of gaseous tube lighting seems bri^t 



A typical “gat-filament" lamp (group 4). Note 
that the metal filament it replaced by a fine-bor 
gat-filled glast tube 



Two lanipt of gr up 14. (Right) 'a televition 
lamp; (I ft) an ordinary to-called “neon lamp" 
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.because its underlying efficiency, color, and intenaty 
are all better than those posses^ by the present solid 
conductor lamp. In addition manufactiuers of solid 
conductor lamps today are resorting to inside frosting 
and exterior opalescent glass to ino-ease the area of the 
light source: the gaseous tube possesses such proper¬ 
ties inherently. That electro-luminescence will be 
"the light of the future," seems assured by recent 
advances which even now are causing the scientific 
world to expect still further developments. 


Neon Tube 
Sign Lighting 

The high-voltage cold-cathode neon tube as 
developed for commercial sign lighting is 
one of the few types o.f gaseous-conduction 
lamps to gain prominence. Their operating 
characteristics and associated transformer 
equipment are described in this article/ and 
their advantages pointed out. 

By 

P. A. KOBER Olaude Neon National Labora- 

Non-member toHes, Long Island Oity* N. Y. 


In the development of neon 

sign lighting, great difficulties, and not a few, had to be 
overcome. As in othw new developments, when the 
many obstacles encountered in the laboratory were 
surmounted, the additional problem of selling this new 
iype of sign lighting to the public presented itself. 
That both difficulties were overcome is evidenced by 
the tremendous growth of the industry. 

Although neon with its charactmstic red glow was 
the first gas used for this type of lighting, a demand for 
Oth« colors soon followed. Practically every color now 
is obtainable by utilizing the characteristic colors 
^ other inert gases in clear glass tubing, and fi*om mix- 
twres of mercury and the inert gases in colored glass 
tubing, 

€oname*cial neon sign lighting, however, as it is 
wday, would have been delayed greatly had it not been 

Wrtttftii q>eciall 7 for ipiLXOTBiOAL Bkoinxxxik and based upon aa oral 
preeentatloa before Uluxoination Group of the New York Section, 
A. I. B. B«, Mattdi 3 . 19 S 1 . Not published In pamphlet form* 
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for Georges Claude, a noted scientist of France. The 
value of his contributions, and particularly his success 
in the extraction, purification, and production of neon 
and other inert gases from the atmosphere, cannot be 
over-estimated. 

Nature of Gaseous Discharge 

like the low-voltage gaseous conduction tube, the 
high-voltage tube belongs to the space-charge type, but 
differs from the former in that it may have either a 
positive or negative volt-ampere characteristic. The 



Fig. 1. Minimum cathode-drop characteristic for 
gaseous glow-discharge as obtained by Claude 

No numerical values are given for the ordinate since these 
vary with different eleclarodes 


former is known as the arc; the latter as the glow 
discharge. 

In high voltage tubes of this type a high cathode 
potential drop exists which cannot be neutralized as is 
done in the hot-cathode type. This results in a certain 
amount of lost energy from which little or no light is 
obtained. Furthermore, this high-cathod^ drop, repre¬ 
sented by a space charge consisting mostly of positive 
ions, tends to produce disintegration of the cathode by 
virtue of the relatively large mass and high velocity 
of these positive ions. In order to minimize disintegra¬ 
tion by sputtering, and give a long-life tube, current 
values, electrode sizes, and gas pressures must be 
determined so as tokeeptherateof sputteringsuflBiciently 
low; in other words, the mean free path of the positive 
ions must be decreased as much as other factom will 
permit, and the current per unit area of cathode must 
be made as small as possible. Claude has found that 
when the area of a cathode is in excess of 1.6 sq. dm. 
per ampere, the cathode drop reaches a miniTnum value 
(see Fig. 1). 

Further explanation in regard to sputtoing or disin¬ 
tegration of electrodes will npt be amiss since, barring 
mechanical or electrical defects,'' this phenomenon 
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largely determines the life of the tube. The sputtering 
of electrode material forms a thin metallic film on the 
insdde of the tube near the electrodes. It is known also 
that sputtering occludes the gas of the tube and thus 
diminishes the gas pressure, thereby increasing the mean 
free path of the positive ions. Since sputtering is 
caused primarily by the positive ions the net result is a 
cumulative increase in the tube operating voltage and 
also in the sputtering effect on the cathode. Finally, 
the voltage required to operate the tube becomes greater 
than that supplied by the transformer; at this point 
the sign begins to fheko* and eventually goes out. The 
tendency to sputter varies with different metals but 
appears to be related to the latent heat of fusion, specific 
gravity, aflSnity for oxygen, and a number of other 
physical charact^stics. 

Transformer CHARACTERisncs 


To operate long tubes of small diameter obviously 
necessitates the use of a step-up transformer, since for 



0 2 4 6 6 10 12 14 10 18 20 
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Fig. 2. Potential gradient for typical neon glow- 
discharge tube 

the longest tubes an open circuit potential of about 15 
kv. is required. With this high voltage, as might be 
surmised, many difficulties had to be overcome; prin¬ 
cipally those concerned with insulation. 

Transformers now used are of the shell t 3 T)e, with a 
magnetic shunt inserted between the primary and 
secondary coils, to give high leakage reactance. With 
this arrangement the required qualities of exc^tionally 
good current regulation and poor voltage regulation are 
obtained. The secondary terminals may be short- 
circuited without increasing the secondary current 
to any appreciable extent beyond its normal value. 
With the balanced-type transformer, which has a 
grounded c«iter tap on its secondary winding, either 
high-voltage lead may be grounded without increasing 
the current (0.028 ampore) above that resulting from a 
terminal-to-terminal short circuit. Incidentally, this 
current is only about 0.006 ampere higher than that 
which constitutes a maximum tube load. 

Transformers for commenaal neon sign lighting, 
also must meet rigid specifications in their insulating 
qualities, and must be able to withstand about four 
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times their maximum secondary operating voltage. 
This is necessary because in the actual operation of 
high-voltage tubes, high-frequency transients with 
high peak voltages sometimes occm and provision for 
this must be made. 

Aside from the transformer, for commercial use the 
high-voltage cables connecting the secondary terminals 
to the tube electrodes must pass voltage tests 50 per 
cent higher than those specified by the board of under¬ 
writers. Grood insulation between the tube electrodes 
and the grounded metal housing must be provided 
also; for this purpose porcelain or glass bushings are 
used. Owing to metallic dust or moisture accumulation 
on these parts leakage or brush discharge sometimes 
occurs at the bushings; however, with the balanced- 
type transforms: used, electrode pimctures and strains 
on cables are reduced greatly, since the maximum volt¬ 
age betwesi any point and ground is only about half of 
its former value with the older tranrformers. 

Tube Characteristics 

The varying potential gradient of a typical neon 
glow-discharge tube is fllustrated in Fig. 2 while Fig. 3 
shows the general shape of the volt-ampere charac¬ 
teristic for a glow discharge. As may be noted, from 
A to B the curve has a native slope. This is due to 
the fact that the cathode drop remains normal up to 
point B while the voltage of the positive column, having 
a negative characteristic, decreases with the current. 
At point B (zCTo slope) the cathode drop becomes ab¬ 
normal and just balances the podtive-column drop. 
From B to C, the abnormal cathode drop with an 
increase in current, increases more rapidly than the 
poffltive column decreases; this explains the positive 
slope. 

In Fig. 4 may be seen a curve showing how the volts 
per ft. of positive column vary with tube diameter; 



Fig. 3. Ideal volt-ampere characteristic for gaseous 
giow-discharg 

No numerical values are given since these vary with other 
factors 
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Fig. 4. Curves showing relation between voht per 
ft. of positive column and tube diameter; also 
typical curves for gas pressure and current 


tubes is its uniformity of distribution and absence of 
glare. 

Aside from sign lighting, high-voltage tubes are 
finding application as aviation indicators, beacons, 
showcase lights and for interior decorative effects. 
Ordinarily neon sign tubes have not lent themselves to 
moving effects as readily as have incandescent lamps. 
However, recent work in producing moving luminous 
phenomena in the tubes themselves such as moving 
“beads" and progressive lighting look promising. 


The Propasation 


typical curves for current and gas pressure are given 
also.^ In general these wiU be found self-explanatory. 
Specifications for a typical neon sign installation are 
given in Table I. This will serve to summarize some of 
the points brought out by the discussion and curves. 


TABLB I—SPBOIPIOATIONS POE A TYPICAL NEON SIGN 
INSTALLATION 


Tube 

Diameter.. 


length. RA ffc fA faiKAfiX 

Gfis. 

Transformer 

IPrlmary Tolts. 

Secondary volts (open). 

Secondary volts (with load).. 

..no 

..15.000 

.. depends on tube 
length (max. 10.000) 
25 

Load watts. 

.^JWLO 

Volts per ft.. 


Watts per ft. . 15 

Lumens ner ft. oa 

Lumens per ft.•watt. 

Tower factor. 

.. 24 

0.4A A AA 


Electrode drop per tube. 

. .250-300 volts 


CoLOBS AND Other Developments 

As stated in the beginning practically all colors now 
are b^g made commercially by the use of the charac'* 
tensticcolorsof the inert gases in dear glass tubing, and 
by use of mercury and gas mixtures in colored giafgff 
tub^. It may be interesting to note here that a more 
effid^t colored light can be produced fiom the charac- 
te^tic glow of these various inert gases in dear glass 
tuping than can be obtained from incandescent lamps 
and fflters. Signmcant also is the fact that the proper 
<^mbinati6n of colored tubes provides a true and 
^eient ,^^daylight white'^ light source. Finally, an 
important feature of the li^t from ga^us conduction 


of Electric VC^aves 

« 

Progress made during the past year in the 
study of the propagation of electric waves is 
reported upon briefly by the A. I. E. E. 
electrophysics committee. 


HE YEAR 1931 is the centennial of 
the discovery of electromagnetic induction by Faraday 
and by Henry; and also of the birth of Maxwdl, the 
founder of the dectromagnetic tiieory. It is appro¬ 
priate, therefore, that a contribution of the A. I. E. E. 
electroph 3 ^cs committee should deal with the propaga¬ 
tion of electric waves. 

Man now is employing and controlling electric waves 
of frequencies ranging from 0 to 10*i cycles per sec., 
but discussion will portray the year's progress 
only in the lower portion of this range, for frequencies 
up to about 3,000,000,000 cycles per sec. Heat, light, 
and X-rays thus are disregarded. 

Electromagnetic Waves Along Conductors 

Propagation of electric waves -along conductors is of 
intmest to both the communication engineer and'tiie 
power en^en. To the lattn, one of tiie prindpal 
problms is that of the propagation of high-voltage 
waves, such as those induced by lightning. 

Meets of change in circuit constants, effects of corona 
and other factors, and the changes in potential and in 
wave shape, all of which occur as such high-voltage 

A progress report of the A. I, B, E.^electroi^yBios comntittee. Not 
published In paoiphletfonti. ^ 
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waves are propagated along power lines, have been 
studied by means of the portable cathode-ray oscillo¬ 
graph. Effects of change in circuit constants are dis¬ 
cus^ in a paper by McEachron, Hemstreet, and 
Seeyle (A. I. E. E. Trans., Oct. 1930). In general, 
recent oscillographic tests on the propagation, reflec¬ 
tion, and superposition of traveling waves have con¬ 
firmed the purely theoretical predictions. Extensive 
oscillographic tests also were made to determine the 
effect of corona and other factors which decrease the 
potential and change the wave shape of high-voltage 
traveling waves. Oscillograms showing the effect of 
corona upon “artificial lightning” waves wwe especially 
important and interesting. These tests are described 
in a paper by Brune and Eaton at the Rochester 
A. I. E. E. District meeting April 29-May 2,1931. 

Cathode-ray oscillographic studies of the propagation 
of traveling waves in the armature windings of genera¬ 
tors are desmbed in papers by Boehne, and by Fielder 
and Beck (A. I. E. E. tLu^s., Oct. 1930). The velocity 
of propagation in this case was found to be of the order 
of 10,000 mi. i>er sec. in the slots (Boehne). 

Influence of the earth upon the propagation of elec¬ 
tromagnetic waves along conductors has been subjected 
to much study during the year. Evans (Phys. Rev., 
Vol. 86, p. 1,679, Nov. 16,1930) has considered the case 
of a wire parallel to the surface of the earth with the 
earth itsdf as return, assuming a conductivity for the 
top stratum of the ground diff^nt from that of the 
remainder. Ollendorff (Arch. f. Ele&t., Vol. 23, p. 261, 
1980) has dealt with this problem in considerable detail, 
being especially concerned with a top stratum of 
relatively high conductivity. Bowen and Gilkeson 
(Journal A. I. E. E., Vol. 49, p. 667, Aug. 1930) have 
described some experimental results on the mutual 
impedances of ground-retmn drcuits, checking the 
practical use of the theoretical formulas. Peterson 
(BcK Sys. Tech. Jl., Vol. 9, p. 760, Oct. 1930) has dis¬ 
cussed the transi^ts in a similar case. 

Radio-Wave Propagation 

While no important new discoveries in radio propa¬ 
gation seem to have been reported during the past 
year, th^ has been considerable progress in several 
lines of work which had been start^ during previous 
years. 

Work with “ultra short” waves having lengths of 
less than 10 m. or frequencies greater than 3 X 10’ 
cydes per sec., has become one of the major activities 
in wave propagation. Spurred on by the potential 
importance of these waves in conununication, numerous 
workers have studied the phenomena qualitatively. 
Waves of lengths of less than 5 or 6 m. seem never to 
be refiected from the Keimelly-Heaviside layer. Tha*e- 
fore recq)tion is hot subject to fading, the name given 
to erratic fluctuations which are due to changing con¬ 
ditions in the ionized upper atmosphere and which are a 
source of*consid^ble difficulty for waves longer than 


10 m. However, phenomenally long ranges cannot be 
obtained. Tr ansmissi on is best wh^ an unobstructed 
optical path erists, but owing to the curvature of the 
earth such paths between points on the earth's surface 
are limited in length to the order of 100 or 200 mi. 
While an unobstructed path is best, these short waves 
will bend around obstacles, presumably by diflhaction. 
As a result, the refedver may be located at points be¬ 
yond the horizon of the transmitter, although there is a 
corresponding loss in transmission effidency. 

The extent to which rdiance may be placed on dif¬ 
fraction obviously decreases with wavelength. For 
wavelengths in the order of 20 cm., it has been foimd, 
as expected, that an unobstructed path is essential; 
at any rate with the transmitting and receiving appa¬ 
ratus that has been available. 

While an extended list of references cannot be given, 
the papers by Esau and Hahnemann (I. R. E, March, 
1930) Jouast, (L’Onde Electrique, January, 1980) Farris 
(Anwdes dee Posies, April, 1931) and “Micro Ray 
Wireless”—^a new short-wave system demonstrated 
by I. T. and T. Laboratories, telephony on 18 cm. 
across the Strait of Dover, (EUetieim, April 3,1981) 
may be dted. 

'The role of the earth in radio propagation has 
claimed the attention of many investigators. Rolf 
(I. R. E., March, 1930)* has given curves which are 
based on Sommerfeld’s well-known investigation and 
which makes tins paper more useful to the ^gineer. 
Certain limitations in the applicability of these data 
have been pointed out by Wise (I. R. E., Novembo’, 
1930). The earth as a reflector of radio waves has been 
studied by Strutt (EUk. Naeh. Tetdt., February, 1980) 
Veman (I. R. E., August, 1980) and others. 

The Kennelly-Heaviside layer also has hdd fhe attri¬ 
tion of many of the investigators. One of the more 
important results obtained has been the corroboration 
of the double-layer hypothesis advanced by Appleton. 
In this connection the work of De Mars, Gilliland,, and 
Kendrick (I. R. E., January, 1931) and of Goodall and 
Schafer (17. R. S. I., May 1, 1981) may be noted. A 
mmim^ m of effective ionization apparently exists 
between the hdghts of 110 km. and 2SXi km. In this 
work the echo method has been used to a considerable 
extent. Cases of relatively long delays due to slow 
group velocities under certain critical conditions have 
been observed and these may concdvably have a bear¬ 
ing on the very long delay echoes discovered by Hals 
and Stormer. 

Hanson has presented orfdly some results on layer 
heights obsenred in the Antarctic by the Byrd expedition. 
It is of interest that even in the long winter ni|dit, 
reflections are obtained, although from greater hdghts 
than those found in otiier latitudes. Ip general, the 
phenomena were erratic. 

The committee is indebted to K. B. McEachron, of 
its membership, and to J. C. Schelleng and J. M. Eglin 
of ihe Bell Tdeiihone Laboratories, for material for 
this report. 
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Airplane Flight 
Aided by Electricity 


By 

C F. GREEN 

Non*member 


General Electric Co. 
Schenectady. N. Y. 


A. 


Electrical instruments by giving accurate and 
reliable indications of direction, altitud , 
and of operating, traffic, and weather condi¬ 
tions, are contributing to safe flight even in 
dense fogs. Liberal use of instruments n w 
available and development work along the 
line of new devices, are hastening the time 
when air transportation will compare fav r- 
ably with other types. 


TRANSPORTATION in this 
country has witnessed remarkable growth. In a four- 
year p^od the ton mileage for mail and express trans¬ 
portation has be^n multiplied by 11 while passenger 
mileage over regular routes has been multiplied by 110. 
Oiier fl 3 dng activities also have shown commensurate 
gains. Although regularity of service has increased, 
further progress is in order, for only when schedules 
c^ be maintained safely and on a basis comparable 
with other forms of transportation will the general 
public come to accept and depend upon air transporta¬ 
tion. In this connection, hoover, it must be borne in 
mind that even the older forms of transportation are 
limited by many of the factors influencing air trans¬ 
portation. Railway trains still are delayed by fog and 
storm, and sea navigation with all its intensive develop¬ 
ment has not arrived yet at the point where an ocean 
liner can be brought into harbor in a dense fog and 
docked. 

Up to the present time safety has been secured largely 
by the long experience and skill of the pilot. One of the 
p^t^ changes in the history of piloting however now 
is taking place as regards the pilot^s attitude toward 
instruments and means of communication and traffic 
control. A pilot need no longer be without the aid either 
of instruments or ground personnel during flight. 

In order that regularly scheduled flights may be 
established there are needed: 

2. Means foi checking operating conditions of engines and other 
cQuipmeniL 

8. Means for oommtinicatton enronte as well as at the terminals. 

4. Aids for maldng a safe landing even in fog. 

Means for Keeping on the Course 

To stay on the course during the most severe weathCT 
conditions the pilot must find his way without sight of 
ground or beacon li^ts along the airway. Under such 

SoJtttlOM of Iteblema of Regular Schedtiled Plight.” 


conditions he must rely solely upon instruments for 
direction since his senses then are inadec|uate and may 
be dangerously misleading. 

For directional indication the pilot must depend 
upon compass indications. While a small magnetic or 
card compass fulfils minimum requirenents, for ac¬ 
curate and reliable indication the magneto compass 
has been developed. This instrument is a remote-indi¬ 
cating device utilizing the horizontal component of the 
earth’s field; it is an outgrowth of the earlier earth 
inductor compass. The generating unit in this instru¬ 
ment is mounted in some part of the plane which is 
relatively free from distorting magnetic influences, and 
is driven either by a wind rotor or by an electric motor 
suppli^ from the plane's battery. Two permalloy 
pole pieces are mounted so as to concentrate the earth's 
field through the armature. Normally the two pole 
pie<^ are held in an East-West direction by a course- 
setting mechanism located within easy reach of the 
pilot; when in this position no magnetic field is im¬ 
press^ upon the rotating armature. Any change in 
the direction of flight which will shift the pole pieces 
from an ]^t-West iwsition brings the permalloy bats 
under the influence of the horizontal component of the 
earth’s field. Thus a current is generated which shows by 
means of a conveniently located indicator, deviation to 
right or left from the determined course. The pole 
pieces are maintamed in a horizontal position by 
of a pendulum which is either liquid or air-damped. 

All magnetic compasses are subject to errors when 
accelerations occur which permit the v»tical com¬ 
ponent of tile earth’s field to influence the sensitive 
dment. To overcome this the turn compensator has 
been developed. This device employs an electric gyro 
dement, by means of which a potential is impressed 
upon the magneto compass circuit which bucks the 
compass potential caused by the acceleration or turn. 

In addition to its use as turn compensator, the gyro 
elem^t may be used independently as turn indicator 
to md in maintaimng a straight flight. A separate 
indicator is provided for this use being connected in the 
same circuit as the turn compensator. Atumindicator 
obviously is one of the most'lmpoirtant instruments 
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used in blind flsdng and accordingly much development 
work has been done to make it reliable. 

Automatic Control 

Various forms of automatic control have been expmi- 
mented with for many years, and development is 
proceeding in all countries to free the pilot from strain 
and permit him to devote his attention to “avigational” 
and other matters. One such arrangement has been 
developed utilizing the magneto compass as the direc¬ 
tion-sensitive element and turn compensator as the 
turn-sensitive.element. With this arrangement the 
magneto compass la3re down a definite base line and 
the turn compensator maintains correct indications 
during accelerations and .turns. A sensitive polarized 
relay replaces or is used in combination with the com¬ 
pass indicator and through a vacuum-tube circuit, 
controls two magnetic clutches of an electric steering 
mechanism. A follow-up s 3 retm provides-for defiection 
of the rudder from a chosen neutral i>osition propor¬ 
tional to the departure of the craft from the course. 
The accuracy with which a course may be followed with 
the aid of this arrangement is remarkably good. 


Radio Beacons 

To be able to fly a straight course blindly is of little 
advantage, however, unless the aircraft reaches its 
destination, and no matta* how accurate the instru¬ 
ments aboard the plane may be they do not indicate 
drifting due to winds. Radio has been found useful 
in this connection in that it furnishes the aviator with 
reference points or axes. Two general classes of equip¬ 
ment in use are (1) course beacons and (2) direction 
finding apparatus. In this country the first class is 
fflnployed almost exclusively along the airways, the 
two types in general use being respectively aural and 
visual beacons. The aural type transmits a code 
signal alternately from two loops thus providing for 
four courses at each beacon. The listening pilot hears 
a dasMot or a dot-dash signal when off course, depend¬ 
ing upon his direction from the course, and a series of 
long dashes separated by the station’s identifying 
signals when on course. 

With the visual type of beacon, the interlocking 
signal systen is replac^ by one employing two modu¬ 
lation frequencies which are received with equal 
intensity when on course and with unequal intensity 



Interior view o( « typical eirplene cockpit showing Ih multiplicity I instruments to assist 
* the pilot in maintaining safe flight 


August 1981 


655 






when oif the course. While visual indicators emplo 3 nng 
tuned reeds sometimes are used, pointer-tsrpe indicators 
possessing certain advantages over the re^ indicators 
have been developed. 

For fl 3 dng off the established airways a homing device 
adaptor has been developed for standard aircraft 
receivers. This is iised with a fixed wing loop and 
indicates by a meter on the instrument panel whethw 
the plane is on or off course directly toward the station 
tuned in. Since this device uses the ordinary broad¬ 
cast wave band as well as that of the beacons, the plane 
may be directed at any broadcasting station within 
range; tests have shown that in general a pilot can fiy 
toward a powerful broadcasting station from a distance 
of about 200 mi. 

Altosehers 

Among other indications the pilot is vitally concerned 
in knowing his height above the terrain over which he 
is flying. Elevation above the starting point is given 
by a barometric altimeter which is included in the 
normal equipment of any plane, but inadequate over 
rough country. The radio altimeter is one of the three 
general t 3 T)es of instruments which have been developed 
to solve this difficulty. Op^ation of this device is 
based upon the principle that if a radio wave is radiated 
from an antenna and reflected back to the source by a 
large, conducting mass, the change in the antenna 
characteristics will result from the combined outgoing 
and reflected waves. While this device does not give 
poative indications at djeyations of less than 350 ft., 
indications of high accura<^ may be obtained at alti¬ 
tudes of 660 ft. or more. 

Means op Checking Operating Conditions 

Plight and avigation instruments must be supple¬ 
mented by other instruments showing engine and 
atmospheric conditions, and general operation of the 
plane. Haa is a wide fidd for remote electrical indica¬ 
tion as multi-motor planes find increase application 
to transport service. Some of the instrumaits of this 
<ype which have been developed include engine tachom¬ 
eters, oil- and fuel-pressure gages, oil- and water- 
temperature indicators, and cylinder-temp^ture indi¬ 
cators. Although recently many different types of 
these electrical instruments have received publicity, 
they consist principally, of instruments already 
stan^dized for other uses, but adapted to meet the 
qwcial needs of the airplane. The remote 
features of these instruments make their instaUation 
e^emely simple as compared with present equipment 
with Its long lengths of tubing and flexible shafting. 

Means op Combtonioation 

A radio beacon may serve to keep a, pilot on his 
course but it does not inform him of conditions along the 
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airway. For this purpose, radio telephone rather than 
telegraph has been chosen by the majority of transport 
opwators. Now, the pilot under this guidance is in an 
entirely different situation than a few years ago. 
Instead of flsdng into unknown and shifting weather 
conditions angle-handed and without accurate informa¬ 
tion, he has available many contacts through his own 
radio equipment. In addition, traffic control at all 
times during flight has made possible an increase in the 
safety of landing under conditions of low ceiling and 
poor visibility. 

Aids por Landing ' 

Safe landing on a fog-bound terminal remains the 
great problem confronting air transportation. In 
general, transport companies avoid any possibility of 
being forced to land in a fog in the same way that all 
ocean liners meet their corresponding problem. How¬ 
ever, organizations now are making strenuous efforts to 
make sjffe the blind landing of a plane, and here it is 
that radio, light, soimd, and all other agencies are 
needed, for each may contribute to the solution. It is 
through a coordinated system that ultimate success 
may be hoped for. 

Blind landing requires the guidance of the plane from 
the beacon course, or course determined by direction 
^ding, to an approach course at the airport. In addi¬ 
tion, the runway position must be determined; the 
pilot also must know his height above groimd and traf¬ 
fic conditions about the port. Radio plays an im- 
portont part in directing the plane to the field, in 
indicating the field boundaries and in providing the 
pilot with means of communicating with the ground 
personnel. 

Light also furnishes some aid for night fly ing under 
condition of low visibility; however, due to scattering 
of the light by the fog particles ordinary boundary 
lighting and floodlighting are of. Httld avafl for fog 
ladings. Consequently lighting cannot be considered 
of much aid under such conditions unless modulated 
light or intense flashes are available. 

Sonic Altuibter 

For height-above-ground indications in landing, the 
sonic altimeter is espedaUy adapted. As in depth 
sodding, Mund waves reflected from the ground are 
utilized. Prom a compressed-air whistle mounted in a 
m^phone wUch directs the signals downward from 
the au^t ^ort blasts are blown automatically at 
brief mt^als. The echo of the outgoing signal is 
r^v^ m a second megaphone which is connected 
^o^cal filter to a stethoscope 
wora by ^e pilot. A timing device mounted on the 

altitude, this indicator being 
distance above 

ground decreases, the mtervalWeen the two signals 
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naturally decreases also; experience has shown that 
when the outgoing signal and echo appear to blend, the 
plane is at an altitude of about 5 ft. or less. 

So varied are conditions under which air transport 
is carried out that no single arrangement can be said 
to be best. A system which will fit most satisfactorily 
into local conditions should be adopted. Whatever 
method is ultimately used, however, must fulfil the 
requirements of simplicity, lightness, and reliability. 

In conclusion it is quite safe to say that, through 
the use of sensitive and accurate instruments, safe and 
regular flights can be established in so far as avigational 
problems are ^concerned. Further development work 
along this line together with the added experience of 
operators, are hastening the time at which this service 
will assume a position comparable to other forms of 
transportation. 


Desirable Accuracies in 
Instrument Transformers 

Errors in both the producer's total meter 
registrations and the consumer’s single 
meterr gistrationareanalyzedandevaluated 
by the “probable en-or" method. Accura¬ 
cies better than 0.5 per cent are shown to be 
valueless from a practical standpoint. 

By 

E. C. WENTZ Westinghouse Elec, die 
Associate A. I. B. B. Oo., Sharon, Pa. 


How MUCH SHOULD BE PAID 
for increased accuracy in instrument transformers? 
Are power companies seeking accurades out of propor¬ 
tion to the returns therefrom? Upon these and other 
important questions related to inslrummit transformer 
acci^cy the author has attempted to shed some light. 
As a result of his detaQed analysis he has concluded 
that with normal metering burdens, accuracies better 
than 0.5 per cent are valueless conunerdadly. It is 
shown also that accuracies betta: than 0.5 per cent 
seldom can be guaranteed, and thus are of no practical 
value except as they may indicate that the apparatus 

Written especially fog Blbotbioal Bkoxnibrinq. Not published in 
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may be overloaded safely, or that the guarantee has a 
larger factor of safety. 

It is well known that errors in either emrent or 
voltage transformers may be decreased by iTi<>rpa.«n‘Tig 
the cross-section of eithw the copper or the iron. 
This, however, will inevitably increase the cost of the 
transformer. The problem then becomes one of 
analyzing the errors present in the conventional type of 
instrument transformer and evaluating these from an 
economic standpoint. 

If the transform«s in question are used in con¬ 
junction with a watthour meta*, the aggregate error in 
meter registration will be due to murs in (1) the voltage 
transformer, (2) the current transformer, and (3) the 
watthour meter. 

The error introduced by the voltage transformer is 
usually a constant quantity which can be obtained 
either by measurement or from a calibration curve. 
This remains constant so long as the burden and line 
voltage are constant. 

EJrrors introduced by the current transformer may be 
shown to vary with the line current (see Pig. 1). This 
variation may be measured, or obtained from a cali¬ 
bration curve. However, meter registration errors due 
to the current transformer depend also upon the load 
cycle and load power factor, as may be noted from 
Rg. 1. The net effect is that in general the combined 
errors will be such as to make any meter to which the 
transformer may be connected, run fast at full current 
and slow at light currents, although this condition is 
sometimes reversed at very low-line power factor. 

Similar variation exists in the errors introduced by 
the watthour meter; and the same difficulty will be 
encountered in estimating the error in total meter 
registration. A curve showing typical watthour-meter 
error is given in Fig. 2. 

To determine the magnitude of eror in total meter 
r^tration in terms of the errors in the current trans¬ 
former and watthour meter is not strictly possible 
without a vast amount of work involving among other 
things a record of the load cycle. A relation may be 
approximated, howevCT, by the introduction of what 
will be called the "probable error.” The idea of a 
"probable error” is familiar to most engineers, but as 
u^ in this particular problem may be defined in the 
following mannm*: Each current transformer and each 
meter introduces an imcertain error into the total 
watthonr-ineter registration. This error is uncertmn 
because of its dependence upon the load cycle and other 
variable factors; its most probable magnitude, however, 
is designated as the "probable error” and may either 
add or subtract from the true readings. 

An exact detmnination, or even an estimation of the 
probable error due to the current transformer, is 
impossible. However, the probable error will not be 
greater than the maximum ratio error over the range 
from 10 to 100 per c^t current. This assumption is 
of course empirical; it is based on the fact that with 
most current trai^ormers and usual load power 
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factors the maxunum error in wattmeter indication 
does not differ greatly from the maximum transformer- 
ratio error. 

It is conservative to assume the maTiminw error to 
be the probable error in r^tration. Accordingly, this 
assumption will lead to a pessimistic conclusion, tibe' 
actual <mrs being less than predicted by this analysis. 
This x>oint should be kept in mind following through 
the rest of the argument. 


Pi* + Pi* 

2» ■ 

These expressions indicate the following; 

1. It is of little use to reduce one of the errors Pi or Pg unless the other 
Is reduced correspondingly. The magnitude of Pi and Pg logically should 
be the same. 

2. If n is large enougji, the probable error In the Individual installation 
may be objectionably large without causing the probable error in the grand 
total of all the registrations to be worthy of consideration. 

The accuracy of the total registration, which it 
should be remembered represents the totsd income of 
the producer, is insured then by the mere number of 



FI 9 . 2 . Load-regithalion curve for a typical 
watihour meter 


meters in a large system, whether or not exceptionally 
accurate metering apparatus is installed. 


Probable Error for Produces 

A typical three-phase metering installation wiU 
involve two current transformers, two voltage trans¬ 
formers, and a watthour meter containing two 
elements. As already pointed out, the voltage- 
transformer error usually is constant and may be 
eliminated. 

If the current transformer introduces a probable 
OTor of Pt per cent, and one watthour-meter element 
an error of P, pe r cent,' the total probable wror of tire 
^mbmation is VPi* + P** as these errors multiply or 
divide (sw any collie physics laboratory for 

combination of probable orors). The »ror of tiie 
combination in the other phase also is VPi* + P**. 
The most probable correct power reading will be the 
r^stratiOn of the meter, and the probable aureate 

in tMs i^tration will be 


Probable Error for Consumer 

To extend the idea of probable error to find the 
error in the total expenses of a given consumer, it 
must first be considered that one meter registration 
generally represents only a small part of any consumer’s 
total expenses. If each of n commodities malring up 
the major part of a consumer’s purchased supplies are 
measured with a probable error of Pi pe- cent, the 
resultant probable error in his total commodity bill 
will be 




P2_ 

n 


(assuming the a^ous items to be equal in amount). 
If one of these individual errors Pi could be reduced 
to zero, the probable aggregate error in the bills tor 
the rranaining n - 1 items would be 




P»* + Pt* 
2 




Pi 


-—iorsubtract. 

JAa latge poww system tkrare yiffl be « such instal- 
iptroduding the.same probable error. 


«-l / 

and in per cent of the total bill would be 

n— 1 


I Pi / \ 

Virrii —I 


Reducing one probable error t<v zero tiien would reduce 
the total resultant error from * » 
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I n-1 


To reduce the probable error in the measurement of 
one commodity only, is obviously of n^ligible benefit. 
It is evident also that the probable errors in the 
measurement of the various commodities logically 
should be the same. 

Commodities purchased by weight are weighed on a 
scale with a probable error of perhaps 0.5 per cent, as 
the scales ordinarily are used; commodities purchs^d 
by volume are meakired or metered to within perhaps 
0.6 per cent ^so. It would seem, then, that unless 
dectric powet is by far the largest commodity pur¬ 
chased, it will be impractical to meter it to an accuracy 
better than that attained in the measurement of other 
commodities supplied. 



FiS. 3. Probable error in registration for different 
current-transformer and watthour-meter enors 

Pi - probable error in curreat transformer 
Pi » probable error In watthour meter element 
A* Pi constant at 1 per cent 
B. Pi - Pj 


I + P^ 

! - 5 - = 1 per cent for the individual 


I _ Pi + Pi ^ Q 22 per cent for the total. 

If Pi = Ps = 0.5 per cent and w = 50 (a more usual 
case) the probable aror will be 0.5 per cent for the 
individual but only 0.07 per cent for the total. This 
aggr^te error of 0.07 per cent is within the limits of 
precision accuracy; still 0.5 per cent represents a 
reasonable accuracy which may be expected in most 
cases. 

From the foregoing it may be seen that the resultant 
probable error decreases in the same proportion as do 
the errors Pi and P*. If the probable individual error 
and the probable total error in meta* registration are 
plotted against Pi, assuming Ps to remain constant at 
1 per cent, curves A, Fig. 3 are obtained. If Pi = P., 
curves B result as Pi and Pj vary together. The 
curves A show that if Ps = 1 per cent, it does little 
good to reduce Pi below 1 per cent, since reducing it 
to zero reduces the total error to only 0.71 per cent. 

As a final conclusion it appears a well established fact 
that no c^lain advantage is to he expected from more 
accurate meteing apparatus thsin now is a^milable. 
That accuracy bettor than 0.5 per cent in a meter or 
current transformer is of no commercial advantage 
has been amply demonstrated. Furthermore, this 
conclusion is supported by the fact that current trans¬ 
former errors cannot be measured with present com- 
merdal testing apparatus with much bettor accuracy 
than 0.1 per cent in ratio and 5 min. in phase angle. 
Consequently, attempts to meet accuracies of better 
than 0.5 per cent generally result in arguments which 
nevo* are settled satisfactorily. 


Konel— 

A Substitute for Platinum 


To return to the expressions for probable error in 
meter resdstration, and to (ionfflder numerical mcamples: 

- I p,* + p,* 

Individual probable error = - - - 

I p 2 ^ jP^2 

— ^—~ 

^ 2n 

If Pi = P» = 1 per cent 

and n'a 20, (a small number). 

the probate erross are * 
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A MAN set out to find a cheap substitute 
for platinum. He was so successful that for almost a 
year his results were not taken seriously. 

Oxide-coated filament for radio tubes was known as 
early as 1904; platinum as a core appeared to be the 
best matoial for life, strengtii, and emission of dectrons. 

Xn>m Jtese4xrthN<trr(it{ve$, May 15,1981, publidied by the Engineering 
Veundatlon, 89 W. S9Ui Street. New Y«jc, N. Y. Baaed on InformaUon 
anpidied by Brwln Sbeter liowry, Pb. D., research phyalclet, WesUnghonae 
reseairch laboratory. Bast Plttobnrgb. Pennsylvania. 
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In 1925, five years after radio broadcasting had aroused 
public imagination, tubes were being made in ever- 
increasing quantities with platinum or platinum- 
iridium core lament. Platinum people were overjoyed, 
but not makas of tubes. Material for filaments was 
costing $186 an ounce. 

Dr. E. F. Lowry, research physicist of the Westing- 
house research laboratory, undertook a search for a 
cheaper substitute. Iron, nickel, nichrome, tungsten, 
various ferrous alloys already were pronounced worth¬ 
less. All had a poisonous effect on emission or had 
proved mechanically weak. But nickel looked good 
to Lowry in spite of its reputed mechanical frailty. 

The first filament of pure nickel gave surprising 
results. Emission appeared to be as good as with 
platinum cores; no more trouble arose from monhamVai 
failures. Scientists, tube manufacturers, even colleagues, 
hesitated to believe that the first attempt had succeeded 
when hith«to undisputed authority had pronounced 
nickel no better than other metals. Against claims that 
nickel filaments should have a life of only 80 hr., Lowry 
produced tubes on life tests for 1,600 hr. and still burn¬ 
ing. But none of his nickel filaments were manu¬ 
factured commwcially. 

Convinced that he was working in the right direction 
he tried 20 per cent cobalt; the crystalline structure 
was unsatisfactory and could not be drawn. The case 
looked hopeless when he thought of the qualities of 
cobalt-ffflTotitanium (a compound of iron and titanium) 
wire used in experiments several years previously. 
The first filament of nickel, cobalt, and ferrotitanium, in 
proportion of 80, 20, and 10, gave results better than 
ever before. Hundreds of expoiments have since been 
made, but the alloy used today is essentially the same 
as that produced by Lowry's first attempt. 

He named the new metal “konel," and in December 
1926 persuaded the Westinghouse Lamp Company to 
mate 50 commercial tubes with it as filament core. 
About the same time, the manufacturers discov^ed 
that Lowry was right also about nickel and started to 
use that for filaments. Within a year every manu¬ 
facturer ceased the use of platinum in radio tubes, 

** since. Platinum-iridium cost 
$1,600 per lb.; konel costs a few doUars. 

Use of konel not only appreciably increased tube life 
(operating 176 deg. colda* than platinum filament), 
but al^ showed definitely that the filament core had a 
marked influence on emission. A new theory of elec¬ 
tron emission from oxide filaments has been formu¬ 
late; on this work the discoverer is now engaged. 

Konel is harder to forge than high-speed steel and is 
very^to^h at high temperatures, when most metals 
lo^ thw strength. It is extremely resistant to most 
acKfe, doe not sput^, does not scale like iron, under 
Aeat, ^d has a high electrical resistance. These 
-niw^ duirac^stics give promise of many uses 
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Mutual Impedance 
of Grounded Wires 


A formula is given for the mutual im¬ 
pedance between two insulated wires of 
negligible diameter lying on the surface of 
the earth and grounded at their end-points. 


By 

R. M. FOSTER 

Member A. 1. E. E. 


American Tol. Sc 
Tel» Co.* New York 


W. 


_ _ E ASSUME the earth to be flat, 
smi-in^te in extent, of unit permeability, of negligible 
dielectric constant, and of uniform conductivity X, using 
c. g. s. electromagnetic units. The air is also assumed 
to be of unit permeability and of negligible dielectric 
constmt. All displacement currents are thus neglected 
tetii in the eartii and in the air. This is the assump¬ 
tion which is ordii^ly made as a first approximation 
at power frequencies for the shorts transmission lines. 

The mutual impedance between cirouits consisting of 
insulated wires of n^ligible diameter lying on the sur¬ 
face of the earth and grounded at their end-points is 
then found to be 




2 T X 


// 


cos e 


flP 


d S d s 


(^) 


+ II- (1 + yr)e-f’’] |d5ds (1) 

The int^rations are extended over the two wires S and 
8, thdr elements d S and d s being separated by the dis- 
tence r and making the angle e with each other. In 
this fomula 7 = (i4x X is the propagation 
constmt in the earth for plane waves which vary with 
tte toe^as p where « = 2 ,r times the frequency 



4 -*« 


cos € 


) 

~(yr)* 1 Jd5d8 (2) 


The complex factor 
2 

77 ;^ II- (1 -I- yr)e-^ 


(3) 
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approaches unity as w approaches zero, and Zn then 
agrees with the d-c. mutual impedance as given by 
G. A. Campbell.' Introducing this factor (which is a 
function of y r only) into the reactance term for tiie 
d-c. mutual impedance between two elements d S and 
d s gives the general expression for their mutual im¬ 
pedance corresponding to the propagation constant y. 
The variation of the complex factor (3) for increasing 
values of y r is shown very clearly in the figure, where 
the real and imaginary parts of (3) are plotted for 
increasing values of r' = | y r | = (4 t X w)^ r. The 
real part, it may be noted decreases rapidly from the 
initial value ufuty as r' increases, while the im^inary 
p^ is always negative, decreaang from zero to a 
minimum value (approximately — 0.3 for r' = 1.6) and 
then increasing towards zero, althou^ it does not 
approach zero so rapidly as does the real part. 

The first three terms in the expandon of Zn for low 
frequencies are given by 

2 J__ J_ . 

27rX\Aa Ah Ba Bb / 


+ici)Nss (8tXw*)^ABo6c6s0-|-. . ., 


loop of area d a, on the surface of the earth, may be 
found by applying Stoke’s theorem to formula (1) 
obtaining 

,„dS<io sin Ar i 

“ 2 t X ■ ~ L^“ (3H-8 Yf + Y*r*)c-’^ J, (6) 

where <i> is the angle which d S makes with r, the line 
from datodS. 

By a further application of Stoke’s theorem we may 
obtain the mutual impedance between two counter¬ 
clockwise small loops d A and d a; namely, 

d Zit = 

d A. da Ip 

• —l(9 + 97r+4 Y*r*-H Y*r») e-'^-91. 

(7) 
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(4) 

where Nss is the mutual Neumann integral between the 
two wires S and s of arbitrary form but with end-points 
A, B and a, b respectively; $ is the angle between the 
straight lines A B and a b. The first two terms in this 
expansion are precisely the d-c. mutual impedance as 
given by G. A. Campbell. 

The first term in the expansion of Zi, for a long 
straight wire S and any wire s located near the midpoint 
of Zis 

—r—■» ——^ fti (Y*-1 cos 6d8, (5) 

7 rXx*irXa: J 

X being the positive distance from ds to S, and € the 
angle between d $ and S. 

X,(z) =-|-7rfl,'"(tr) 

is the Bessel function of the second kind for imaginary 
argument as defined by G. N. Watson.* 

The expression in square brackets in (5) is the mutual- 
impedance gradient, parallel to an in^te wire at a 
positive distance * from the wire. It agrees with the 
results published independently by F. Pollaczek,* J. R. 
Carson,^ and G. Haberland,* and has been employed 
to obtain numerical results since 1917. Pollaczek has 
also investigated the case of two grounded circuits of 
finite length." 

The mutxial impedance dZu between a short, 
grounded circuit dS and a counterclockwise small 

1. For nuiifbered references see bibliography. 
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Burn-Off Tests in 
Low-Voltage Networks 


By 

GEORGE SUTHERLAND and D.S. MacCORKLE 
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An extensive series of tests on standard and 
experimental cables installed in accordance 
with standard accepted practise for a-c. low- 
voltase underground networks, are outlined 
in this article. Results obtained are useful 
not only in determining mains-conductor 
size and network-transformer spacing, but 
also for indicating desirable future develop¬ 
ments in cables for this service. 

It is recognized generally that 
one of the most essential requirements to be met in the 
operation of a-c. low-voltage networks is the ability of 
the system to burn faults clear in the underground 
cables automatically. The purpose of the present study 
was to determine the characteristics of fault clearance 
in such networks, tests having been made on both 
standard and experimental cables. 

Faults in cables may be classified with respect to 
their ability to dissipate the heat generated as, (1) a 
fault having a thermal capacity less than that of the 
cable conductors, and (2) a fault having a thermal ca¬ 
pacity greater than that of the cable conductors. The 
clearance of a fault of the first class depends therefore 
upon the destruction of the fault itself or a progression 
of the fault and the subsequent burning clear of the 
cable conductors at a location remote from that of the 
initial fault; the clearance of a fault of the second class 
depends upon the fusing of the cable conductors joining 
the fault. 

Nearly all operating experience in low-voltage a-c. 
network systems has been with rubber- or paper-insu¬ 
lated lead-covered cables. Both operating and previous 
test data have shown that all ground faults between 

Vrom "Burn-Ofl Characteristics of A-C. Low-Voltage Network Cables,” 
(No. 31 >66) presented at the Middle Eastern District meeting of the 
A. I. B. B.. Pittsburgh, Pa., March 11-13,1931. 



Fault in single-conductor buried cables cleared in 
40 sec. at initial location; total current—5,800 
amperes 


the conductor and lead sheath have cleared. Tests 
made {Low-Voltage A-C. Networks of the Standard Gas 
and Electric Company’s Properties, by R. M. Stanley 
and C. T. Sinclair, A. I. E. E. Trans., Vol. 49, p. 278) 
have indicated also that a minimum of 5,000 amperes 
is required to clear faults in 500,000-cir. mil cables and a 
minimum of 3,500 amperes to clear faults in 250,000- 
cir. mil cables. 

Equipment and Tests 

The test set-up consisted of 4,000/230-volt network 
transformers, current-limiting devices, and instruments 
for voltage and current indications. The transformers 
were supplied with 60-cycle power from an isolated sub¬ 
station bus section, and were .connected so that a 900- 
kva. capacity supplied power to each side of the fault 
in the test cable connected in ^the low-voltage circuit. 
Both experimental and standard cables were installed 
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for test under conditions Emulating present under-, 
ground-network constructions. A total of 86 bum-off 
teste was made. Two types of multiple-conductor 
buried non-magnetic sheath cables were tested, 
cable containing three No. 4/0 phase conductors, 
one No. 2/0 neutral conductor, and one No. 6 condxictor 
which would be required in an actual system layout 
for multiple street lights. Teste were made also on 
eight types of single-conductor No. 4/0 buried non¬ 
magnetic-sheath cables; four types of No. 4/0 non- 
metallic-sheath cables for duet installatdon; and one 
each of No. 4/0 rubba*-insulated, 360,000-cir. mil and 
500,000-cir. nfil paper-insulated lead-covered cables. 
In addition to these, two teste were made on No. 4/0 
bare conductors, spaced and buried in relatively dry 
soil. 

In general, the teste included a wide variety of faults, 
the insulation and coverings of the cable in most cases 
being stripped for a length of approximately six inches 
from the conductors to be short-circuited; the conduc¬ 
tors wm-e then forced together for a length of about 
three inches and bound in that position with friction 
tape. In some of the teste on multiple-conductor 



Remains of sin¬ 
gle-conduc¬ 
tor non-mag- 
netic-sheath 
cables and 
ducts after test 

(Left) total cur¬ 
rent—0 to 6,000 
amperes for 11.5 
min.; Crii^t) total 
current —- o to 
3.600 amperes for 
21.5 min. 


buried cables a large iron clamp was used to force the 
conductors together. Seyeral investigations were made 
also on copper-tp-copper and copper-to-ground faults 
of the point-contact class. 

CONdiUSIONS 

Results of these teste, togeth^ with other informatipn 
obtained from operating data and previous publications, 
are snmmari^ iulhe following general conclusions: 


1. .Point-contact and conductor-to-sheath faults. 

Faxilts of this type occurring In single-conductor lead-covered cables in 
120/208-yolt networks usnally were cleared within a period of several 
seconds Irrespective of conductor size where the minimum current available 
was approximately 8,000 amperes. 


2 . Copper-to-copper faults. 

These faults, made as described by taping the bared conductors together 
for a length of about three inches, will dear at the fault location within one 
minut6*s time (nsualiy less) provided certain minimum values of short- 
circuit current (see accompanying table) are maintalDed during tbe ntire 
short-circuit period. 


MINIMUM SHORT-OIROUIT CURRENT FOR CLEARING 
OOPPER-TO-OOPPBR FAULTS IN SINGLE-CONDUCTOR CABLES 


Conductor size 

Short-drcuit current in amperes 

Per conductor 

Total 

No. 4/0. 

.8.000. 

.6,000 

350,000 dr. mils. 

.4.000. 

..8,000 

500,000 dr. mils.... 




3. Faults in buried cables. 

Buried single-conductor non-mognetlc-sheath cables when dropped Into 
the trench at random possess approximately the same general bum-off 
characteristics as do single-conductor cables installed in four-inch non- 
metallic ducts. These characteristics are improved somewhat by separat¬ 
ing tbe cables. 

4. Faults in buried multiple-conductor cables. 

Bum-off characteristics of this type of cable with non-magnetic sheath 
makes it und^lrable for low-voltage a-c. network distribution. The 
better bum-off characteristics of buried single-conductor cables are attrib¬ 
uted largdy to a wider separation of the conductors, and coverings 
impregnated witha flameproof compound. 

5. Oiled paper «s. rubber insulation for buried cables. 

In th* matter of bom-oS characteristics volcanized sulfliiated oiled-paper 
insulation appears to offer no improvement over ordinary rubber insula- 



500,000-cir. mil papur-intulated lead-covered 
cablet removed from duett after lest 

Note cables of test N . 88 in which a t tal current of 10,400 
amperes cleared 8-in. contact'fault in 1.25 min. Initial cur¬ 
rent for the remaining cables was from 7,800 to 9,000 amperes 


August 1981 









tions. Analyses show no appreciable <Ufference in the exploslbility and 
inflammability of gases produced with either type of insulation on lead- 
covered cables. 

6 . Time required for fusing. 

As sum i n g current values to be constant calculated values of fusing time 
are sufBdently accurate for all practical purposes provided total arcing 
time does not exceed approximately eight minutes. 

7. Gases liberated during fault period. 

With either oUed-paper or rubber Insulation, explosions may occur due to 
gases Uberated by arcing faults in underground cables If these faults per¬ 
sist for more than five minutes. 

Analyses of these gases indicate that approximately 50 per cent of the 
gaseous mixture is combustible; and laboratory tests show that the gases 
from both types of insulation contain in general the constituents and 


are evolved in the same relative quantities. Oases emanating frr)iii Mu> 
burning of fiber duct now used In underground systems do not ar>poar to 
affect the combustibility of the gaseous mixture from an arcing fault. 

As stated, the forcing condusions are based upon 
operating data and results of the tests outlined in this 
artide which were made upon cables buried in both 
relativdy dry and in relatively wet soil, and others 
installed in rdatively dry ducts. In addition to the 
condusions already outlined the tests indicate certain 
other bum-off characteristics desirable in cables for use 
in a-c. low-voltage undoground networks. Develop¬ 
ment of new insulating matmals to provide these cables 
with such characteristics will require further research 
and experimentation. 


Transient Voltages 
in Auto-Transformers 


Eff cts of transient voltage phenomena 
upon auto-transformer design are discussed 
briefly. Results given are based upon tests. 


By 

K. K. PALUEFF 

Member A. I. £. B. 


General Blec. Oo., 
Pittsfield, Mass. 


JeNERAL principles controllini 

the high-frequency voltage phenomena within auto 
transformer windings are the same as those goveminj 
such phenomena in ordinary transformer windings 
Since these prindples have been discussed previously 
(A. I. E. E. Trans., Vol. 88, p. 477; Vol. 48, p. 681; 
Vo. 48, p. 998; and Vol. 49, p. 1179) this should be 
looked upon as a continuation of that discussion and as 
TO^n on the assumption that the reader is thoroughly 
fam^ with the papers moitioned in those references 

To darify the terms used, it should be noted that 
here: 


auto-tr^^former a 

a poat of tl» anto. 

to atam.dat. poat a ^ * 


3. Part of the winding between the high-voltage and low-voltago IIiu^h 
is caUed the series winding, and the remaining part betwoen tho low-volUgc* 
line and ground is called the common winding. 


Ordinary Auto-Transpormbr 


In an auto-transformer two points of the winding are 
connected to transmission lines and it is this feature 
that makes the oscillation of an auto-transformer wind¬ 
ing essentially different from that of an ordinary 
transformer winding. Because of the two independent 
transmission lines connected to the same winding, four 
different conditions of surge exdtation are possible; 

1. Surge arrives from high-voltage line, 

2. Surge arrives from low-voltage line. 

Itair* polarity arrive slmaltanoouHly, imo from 

^4. Two surgtt Of opporite polarity arrive rimultaBeomly, one from mch 

The first two cases are the most common; the last two 
are rare because they may occur in two cases only (1) 
when the hues are paraUel and (2) when the lightning 
steam takes place directly over the auto-transformer. 


Surge from High-Voltage Line 

It IS obvious that when a surge arrives from the 
Mgh-volt^e line the voltage distribution throughout 
^e wmdmg will be influenced by the potential rise of 
Je low-voltage line arising from the suige transmitted 
through the auto-transformer windings. The magni- 
tade and yrave shape of the voltage rise of the seconcLy 
hne depend upon (1) the shape of the incident wave m 

“conday Itoa, 

2 ) the effective inductance and turn ratio of the auto- 
h^^er, and (4) the length of (he secondary line, 
fe m^ pi^tical cases the rise of potential of the 
seeon^cy line is slow as compared with the internal 
(»(^a(ion of the auto-tranaforjpa- windings. Because 
of the finite length of the incident v^ve, and the rela- 
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tion of the surge impedances and inductances found in 
practise, the ultimate potential of the secondary line 
is found to be a small fraction of the crest value of the 
incident wave of the primary line. 

For these reasons the phenomena of oscillation of the 
series winding can be divided conveniently into two 
parts, (1) the rapid internal oscillations and (2) the 
relatively slow potential rise of the secondary line 
terminal. This permits the assumption that in most 
cases found in practise the secondary line acts as a 
solid ground for the internal oscillations produced in 
the windings by lightning disturbances originating on 
the primary line. Thus it may be said that the part 
of the winding between the terminals of the two lines 
oscillates as if the secondary terminal were solidly 
grounded. The part of the winding between the 
secondary terminal and neutral oscillates practically 
as a short-circuited secondary winding of a trans¬ 
former, while the secondary terminal potential rises 
above ground at a substantially lower rate. 

Practically full voltage of the incident wave appears 
across the series winding. In case the series winding 
has substantially fewer turns than the common wind¬ 
ing, appreciable internal overvoltage may be created 
in the common winding by the step-up action due to 
mutual inductance between series and common wind¬ 
ings. This fact is responsible also for the appearance 
of much higher voltages between turns of the series 
winding than would be foimd in transformer windings 
of the same voltage rating, or in the same auto-trans- 
former with the low-voltage line disconnected. It 
follows that both of the effects mentioned'may be 
particularly prominent in auto-transformers intercon¬ 
necting transmission lines of closely similar operating 
voltages. The foregoing phenomena are characteris¬ 
tic of all auto-transformers. 

Both amplitude and shape of secondary-line wave 


for any shape of incident wave on the primary line may 
be comput^ theoretically. Experimental study with 
different shapes of incident wave has confirmed the 
calciilated results very satisfactorily. 

With engineering accuracy it may be stated that, to 
the greatest part of the lightning wave as transmitted 
from the primary to the secondary line, an auto¬ 
transformer acts as an ordinary inductance connected 
between the two lines. The value of this inductance 
may be found by dividing the ohmic short-circuit 
reactance of the auto-transformer obtained at operating 
frequency, by 6.28 times the operating frequency. 

Surge from Low-Voltage Line 

In this case an incident wave strikes the series and 
common windings simultaneously at their point of 
contact. Since the other end of the common winding 
is grounded pennanently, and that of the series winding 
is connected to a tramanission line, the oscillations of 
both windings are similar. This similarity, however, 
disappears in case of a substantial difference in the 
number of turns in the series and common windings. 
This happens because of the prominence in such a case 
of the step-up action referred to before. 

Simultaneous Surges 

Cases of simultaneous surges are very rare; therefore 
no space will be devoted to their discussion here. 

In case the high-voltage line is disconnected, an 
incident wave from the low-voltage line will cause the 
common winding to oscillate as a solidly grounded 
winding, and the series winding to oscillate as a winding 
completely isolated from ground, as was described in 
previous Institute papers. In case the low-voltage line 
is disconnected and the incident wave arrives from the 



TIME IN MICROSECONDS 


•Fig. 1. Curves showing voltage at low-voltage 
terminal of a transformer with incident wave applied 
to high-voltage terminal 

1 and 3.—^Length L of inddent wave 20 mlcrosec. 

2 and 4.—^Lei^h L of inddent wave 100 microsec. 

1 and 2.—High effective auto-transformer inductance 

3 and 4.—^Low effective auto-transformer Inductance 

Long secondary line; surge impedance of both lines. 300 
ohms: auto-transformer ratio 2:1. High effective inductance 
covers range from 20.000 kva.. 220 kv. Y to 1,000 kva.. 66 
kv. Y; low effectlve^inductdEbce from 80.000 kva.. 220 kv. Y to 
10.000 kVh. 66 Jcv. Y 



Fig. 2. 

A commciciai 20,000- 
l<va. 215/107/11-kv. 
non-rctonating aut 
tnntformer 
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high-voltage line, the entire winding oscillates as an 
ordinary transformer winding with solidly grounded 
neutral. 

Non-Resonating Auto-Transpormer 

To reduce the danger associated with internal 
voltage oscillations, which cause abnormally high 
concentration of local stresses, a non-resonating auto¬ 
transformer has been developed and applied to practise. 
Tests have shown that it gives substantially uniform 
transient-voltage distribution. Underl 3 dng principles 
governing the construction are very similar to those 
which apply for non-resonating transformers. 

The presence of two transmission lines connected to 
two different points of the winding causes some modifi¬ 
cation in the proportioning and distribution of shields 
as compared with that in a non-resonating transformer. 
In general appearance and construction, however, the 
non-resonating auto-transformer is very similar to the 
ordinary non-resonating transformer. 

It is the author’s opinion that the non-resonating 
auto-transformer is particularly well adapted to the 
concentric construction of windings typical of core¬ 
type transformers. Its windings are uniform mechani¬ 
cally as well as electrically, and free of the points of 
discontinuity and breaks which are characteristic 
features of interleaved windings. These breaks are 
points of extremely high voltage concentration. In 
spite of this fact, however, their dielectric strength often 
is made proportional to the test voltage produced across 
them during standard A. I. E. E. induced-voltage tests. 
Such grading of major insulation, of course, is not 
justified because in an ordinary auto-transformer, as 
contrasted to the non-resonating auto-transformer, 
the distribution of transient-voltage stresses does not 



Fig. 3. Oscillograms showing internal voltages 
in a commercial non-resonating auto-transformer 

la, —32 per cent from neutral without shields 

lb. —32 per cent from neutral with series and common wind¬ 
ings shielded 

2a.—12 per cent from neutral without shields 

2b .—12 per cent from neutral with series and common wind¬ 
ings shielded 

Long rectangular wave applied to high-voltage terminal with 
low voltage lines disconnected. Tests made in air, thereby 
creating some electrostatic unbalance 


correspond to the distribution of stresses created by 
standard low-frequency tests. 

Conclusions 

Ordinary Auto-Transformer 

1. With only one transmission line connected to an auto-traiisfornier, a 
traveling wave produces iaternal oscillations similar to those produced in 
an ordinary transformer. 

2. With both transmission lines connected to their respective terminals, 
a traveling wave impressed from one liue creates two kinds of voltage tran¬ 
sients in the windings: the first is relatively slow and responsible for the 
rise of potential on the secondary line; the second is relatively fast and 
consists of internal free oscillations in the windings. 

3. For the internal free oscillation, a secondary lino of siiificiont length 
acts in most cases as a solid ground. 

4. Internal stresses, particularly those between turns, are higher in 
an auto-transformer than in an ordinary transformer of the same voltage 
rating. This condition becomes aggravated as the auto-transformer voltage 
ratio approaches unity. 

Non-Resonating Auto-Transformer 

1. Auto-transformers can be built which are non-resonating for usual 
conditions of operation. 

2. The windings of non-resonating auto-transformers are uniform and 
free of breaks. 

3. Non-resonating auto-transformers are similar to ordinary non- 
rescfnating transformers in general appearance and construction. 


An Improved 

Welding Generator 

A neutralizing d-c. transformer removes 
troublesome transients from current output 
of welding generator. 

By 

J. H. BLANKENBUEHLER 

Westinghouse Blec. & Mfg. 

Oo., Fast Pittsburgh, Pa. 

T 

■ ROUBLES most commonly experi¬ 
enced with welding generators of inferior characteristic 
are (1) fusion of the electrode solidly to the parent 
metal uppn contact and (2) frequent extinction of-the 
arc by slight disturbances. 

When contact is made between a new electrode and a 
cold plate neither should be melted until an arc is 
drawn; however, if the contact resistance and instan¬ 
taneous short-circuit current are sufficiently high 
immediate fusion at the contact point will occur. 

From “All Improved Arc-Welding Genwator,” (No. 31-13) presented at 
the A. I. E. B. winter convention. New York, Jan.^6-30, 193 a, 
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WelcUng current at short circuit on a typi¬ 
cal welding generator. Curve A. ordinary 
design; curve B, with transforming reactor 
in field circidts 



Welding current for sudden increase of 
voltage from 15 to 25 across the arc. 
Curve A, ordinary design; curve B with 
transforming reactor in field circuits 



Fig. 1. Output current curves for typical are-welding generators 


With the resistance th^by reduced, the molten spot 
solidifies and the electrode is “frozen.” To obviate 
this difficulty it is necessary for a generator to have not 
only a low ratio of short-drcuit currmt to welding 
current,, but also to have no momentary current rise 
above the stable short-circuit value. 

The operator's other annoyance, arc instability, is 
eiqplained by the fact that in any particular arc there 
probably is a minimum value of current bdow which 
the arc will become extinguished. The actual value of 
such minimum current is dependent upon arc l^gth, 
size and material of electrode and welded object, 
magnetic conditions about the arc, presence of flux or 
stabilmng gases, velocity of air blowing on the arc, 
and many oth^ factors. Assuming this Tninmimn 
current to «dst, it can be said that any disturbance at 
the arc, which reacts on the generator so as to allow 
the current to drop below the minimum stable arc 
value, will extinguish the arc. To obviate this diffi; 
cully, then, it is apparent that the generator must 
accommodate changes arising from instantaneous 



Fig. 3. Otcill graphic rec rd of a mangal horttontolT-weld on t/S-in. plate wilh 5/32-lii. rodand 170 
« ampipresandn magnetic bl w (left) with neutralising irentf rmer and (right) with rdinary react r 


variations in load (arc) resistance without permitting 
the delivered current to drop even momentarily below 
the minimum stable value. 

Natural reactance within the welding circuit tends to 
overcome both difficulties by smoothing the welding 
current, and the addition of sufficient reactance to the 
circuit of course would approximate the derired results. 
An adequate reactance, however, would be large and 
prohibitive in power loss. 

Practical experience, extensive tests, and numerous 
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oscillographic records show conclusively that a genera¬ 
tor having the short-circuit characteristics shown by 
curve B in Pig. 1 (Irft) and the arc-lengthening charac¬ 
teristics of curve B in Fig. 1 (center) produces a flejdble 
and easily managed arc. The approximate constant- 
current volt-ampere characteristic best suited to a 
single-operator welding generator can be obtmned most 
efficiently with a separately-excited differentially-com¬ 
pounded machine. Because of the current in the saies 
field the voltage of this type of generator naturally 
follows the arc voltage for any given shunt-field current 
as a result of the inverse action of the series field, 
laical curves are given in Pig. 1 (right). As pre- 
l^ously implied, however, in addition to the ultimate 
steady-stete condition it is imperative that the response 
be prwtically instantaneous in ord«- to obviate the 
undesirable transients. In the ordinary design such 
rapidity of response is impossible because of the effects 
of magnetomotive force interlinkage among generator 
coils and the resulting transformer action. This de- 
la 3 dng^ effect is demonstrated by the surge of curves 
A of Fig. 1 (left and center), elimination of the surges 
requires that by the time the current builds up to its 
final value, the flux shall have changed to its 
value. 

^ Magnetomotive forces produced by currents induced 
in every conductor linking the flux retard the requisite 
change. Extensive tests have shown, however, that 
^m a practical standpoint only the hindering effects 
developed within the field coils themselves are of 
sufficient magnitude to be important. Thus the 
problem reduces to that of preventing the development 
of undesired induced counter electromotive force within 
the field coils, or of neutralizing its effect by introducing 
mto the field circuit an opposing voltage approximately 

equal at every moment to the instantaneous induced 
voltage. 

The logical method of producing the required neu- 
tr^ng voltage is to use a transformer with its 
primary m the welding circuit and its secondary in the 
field ^t as shown in Pig. 2 . With the series field 
and the transformer primary in series, and bonce 
c«nrag Identical currents, any change in cunent will 
affect both at ^e same instant and the transformer 
serondary wlt^e will neutralize any voltage induced 
mto the field coils as a result of the change. 

Another feature of the system lies in the fact that by 
the proper proportioning of transformer primary and 
secondary the field current can be changed to induce 
a mapetomotive force which wUl promote the desired 
flux change; this force can be used to offset any retarding 
forc« anmg outside of the field coils. The device is 
“ neutralizing the retarding effect of 
welding generator whether 

separately, or self-excited. 

to the ease of striking and maintaining a 

porosity of weld and improved 
efficiency m metal deposit. 


A Telegraph 
Testing Machine 


Telegraph line efficiencies and signal dis- 
* tortion measurements are only two of th 
many uses for this unique device. By 
means of an unusual electrochemical 
recorder, time intervals of one ten-thou¬ 
sandth of a second in the opening and clos¬ 
ing of electrical circuits are graphically 
recorded. 


By 

F. B. BRAMHALL 

Associate A. I. B. B. 


Wostoni Union Toln- 
giupli Oo. Now York 


A, 


NY MEASUREMENT of the qual¬ 
ity of tel^raph transmisrion is of necessity a measure¬ 
ment of the extent to which the received signaling pulses 
are distorted from the form in which they were originally 
^nsnutted. For the purpose of this article, signal 
distortion will be defined as the deviation in length and 
tme relationship of the received signal pulses, from the 
abrolute length and time relation of their transmission. 
This defimtion confines the measurement of distortion 
to the measurement of the time relationships which 
obtain between the signaling pulses as repeated by a 
relay or other repeating instrument. The unique ar- 
rangment of the electrochemical recorder of the trans¬ 
mission testing machine adapts it especially to the 


A conception of the principle of the machine can be 
formed most readily if it first be considered as arranged 
for M testing of circuits both ends of which are avail¬ 
able a^e twt point. Referring to Fig. 1, the commu- 
t^r transnute signals to the circuit or apparatus under 

These sig^s operate a relay at the receiving end 

of the t^ cTOuit; the relay contacts control the poten- 
^ apphed be^een a metallic marking needle carried 

wiii^i? shaft of the machine, and a 

m^hc platen ovot which a saturated electrochemical 
recorfmg ta^ passes. The arm which carries the 

ha^tti^ brushy, the revolving metallic marking 
making a hght contact with the surface of the 

with 

which the tape is moistened and the material of the 
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marking needle are such that when the proper polarity 
of potential is applied to the needle a deep blue mark 
results from the electrochemical action. If in response 
to a transmitted signal pulse, the receiving relay ener¬ 
gizes the marking needle during the time of its transit 
across the recording paper, a mark is made continuously 
xmtil the needle is again deenergized at the termination 
of that pulse. Thus if transmission over the circuit 
under test be perfect, the revolving needle draws a line 
on the paper tape which is a true projection of the arc of 




Fig. 1. Details of chemical recording mechanism. 

Note that recorder needle and commutator arm are 
mounted on the same shaft 

the transmitting segment of the commutator. The 
recording tape moves at a slow rate; just sufficient to 
separate slightly the succeeding recorded marks. 

Transmission and reception of signals by a common 
rotating member is obvioudy not essential in this 
method of measuring but may be performed by separate 
rotating members so long as proper synchronism of 
rotation is maintained. It is through the use of care- 
fxill^ synchronized transmisdon and reception that 
point-to-point testing is done. 

In transmisdon measurement work of any kind it is 
common to use selected combinations of test signal 
pulses, either such combinations as represent certain 
letters in the signaling code or perhaps those which mc- 
perience has shown are most susceptible to "fortuitous" 
and “characteristic" distortions. Fortuitous distortion 
is tihe shortening er lengthening of signal pulses which 


results from ^ctraneous disturbing currents in tfie 
dgnaling circuit or from irr^ular and improper func¬ 
tioning of receiving or repeating instruments. Char¬ 
acteristic distortion is the shortening or lengthening of 
signal pulses, which is governed by the sequence of the 
pulses themselves and by the electrical and magnetic 
characteristics of the signaling drcuits and apparatus. 

For convenience, the transmission testing machine is 
equipped with a multi-point rotary switch which quickly 
sets up on the transmitting commutator any one of a 
number of predetermined test signal combinations. 

Uses of the transmission testing, machine in the 
analysis of signal distortions are most conveniently 
explained with the aid of sample records. Reproduc¬ 
tions of typical records are shown in Figs. 2 to '6. In 
the more common classes of measuring work two test 
records are obtmned, one showing the repetition from 
either contact of the receiving instrument. Through 
comparison of the two, bias of signals is either elimi¬ 
nated or quantitatively determined. Only one record 
is reproduced here in each case. 

A record of substantially perfect transmission of 
rignals repeated by a good polar relay operating in a 



Sparing Contact 
Record 


Marking Contact 
Record 


Perfect 

Signal 



Received x+x" „ 
Signal 2 “ 

Transmission JL c 
Efficiency P * 


Fig. S. Typical record of good p lar relay 
operation 
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local circuit is shown in Fig, 2. At the bottom of this 
r^rd is shown a short section made with the recording 
circuit so arranged that the marks are continuous 
except for the time that the relay tongue is not in 
contact with either of its stops. In this portion of the 
record the length of the breaks in the traces made by 
the recording needle is proportional to the "'transit 
time^' of the relay armature, 

T 3 ^ical performance of a poorer repeating relay is 
shown in Pig. 8. This record illustrates both a "transit 



Fig. 3. Typicfll record of improper pokr relsy 
operation 



f <ypie«l sigiMil distortion; (loft) 
charactoiMk;’’(ri^lrt) 
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time” loss and the loss due to the rebound or “chatter” 
of the tongue contact against its stop. A common 
form of characteristic distortion (that caused by a 
sluggish circuit or instrument) is shown in Fig. 4 
together with a typical ecample of fortuitous distortion 
caused by a line disturbance. The periodic nature of 
this disturbance is evident in the regular beats produced 
in the received sisals. 

Records of over-all transmission in straightaway and 
field testing work are made by arninging the recording 
circuits so that the only traces made by the recording 
needle are those representing the open-circuit time of 
the receiving-relay contacts. These “negative” records 
convey the same information as do those of the other 
tsrpe and in this class of testing are generally preferred. 
They are desirable particularly wha'e' the test pulse 
combinations are of the nature of “taaffic” signals. 

The transmission testing machine finds a wide fidd 
of usefulness both in the measurement of overall tians- 
mission efficiencies and in the analysis of transmission 
losses. It may be used as a monitoring recorder to 
check the distortion of “traffic” signals at either repeater 
or terminal points. Obviously it is not limited to the 
polar, two-element, class of signal work chosen for the 
explanation. It is as readily used for work on ocean- 
cable circuits employing a three-element code, and on 
neutral Morse or carrier circuits. 


Average-Voltage Method for 
Transformer-Loss Measurement 


By 

ARAM BOyAJIAN Oeneral Electric Oo. 

FeUow, A. I. E. B. Pittsfield. Mass, 


In the latest issue of the A. I. E. E. Stand- 
ABDS (May, 1930), Sec. 13, Par. 13-306, the following 
appears: 

♦‘The no-load loss of transformers shall bo determined preferably “with a 
sine wave of applied voltage; if this is not practicable, the results obtained 
vrtth a distorted wave of applied voltage shaU be corrected to a sine-wave 
basis.'* And, foot-note: *'For correcting to the sine-wave basis, method 
based on the measurement of average voltage Is recommended." 

The reason and baas for the adoption df this rule and 
recommaidation by the A. I. E. E. is explained in the 
following discussion. 

Unlike its load loss, tiie no-load loss of a transformer 
is very sensitive to wave shape and different test-voltage 
wave shapes cause radically different values to be ob¬ 
tained in its measurement, 'flher^ere tiie po-Ioad loss 
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guarantee on a transformer means little unless the test 
result is reduced to a sine-wave basis. 

Most of the no-load loss in a transformer is hysteresis 
loss. This is not a function of the effective wine of the 
flux density or voltage, but is a function of the peak 
value of the flux density, which in turn is proportional 
to the arithmetic average vdm of the voltage. Peaked- 
voltage waves produce flat-topped flux waves and low- 
hysteresis lo^, whereas flat-topped voltage waves 
produce peaked-flux waves and high-hysteresis loss. 
In commerdal tests, the volts^es usually become peaked 
and may lead to measurements which often £ire 10 and 
occasionally as'much as 50 per cent too low. A no-load 
sine-wave voltage of a generator is no assurance of 
reliable results, because the distorted exciting current 
of the transformer imder test usually materially distorts 
the terminal-voltage wave of the generator. 

The amount of distortion caused by the transformer 
exdting current is roughly a function of the ratio of tiie 
transformer kva. rating to the generator kva. rating. 
Other factors that enW in are the percentage synchro¬ 
nous reactance of the generator, percentage field excita¬ 
tion of the generator, and the flux density of the 
transformer. To avoid objectionable distortion under 
such a load w^ no means of reduction to sine-wave 
basis used, the generator kva. rating would have to be 
nmch larger than the transformer rating. (With a 
dependable method of reduction to sine-wave basis, 
v^ much smaller ratios of generator capacity to 
transformer capacity may be used in such tests.) 

Heretofore approximate correction for wave distor¬ 
tion has been m^e usually by means of a small auxil¬ 
iary “standard” core calibrated on sine-wave voltage. 
This standard core is excited from the same sotu^ 
simultaneously with the transformer under test, and 
with the aid of its calibration curve a correction is 
applied either to the test voltage or to the wattmeter 
reading. 

This method of correction for wave distortion, though 
infinitely better than the use of no correction at all, is 
not very satisfactory, because no standiuti core could be 
representative of sheet steel of all grades and types used, 
nor of the wide range of densities at which different 
transformers are detigned to operate. Under unfavor¬ 
able conditions the use of a “standard” core has been 
found to lead to errors of even more than 10 per cent. 

Since hysteresis loss is not a fixed known function of 
dentity for all kinds of sheet steel at all dentities, ob¬ 
viously the only-vreiy to assure correctness of the tested 
value is to maintain tiie correct maximum flux density. 
Mathmatically it has been proved that the maximum 
flux density is proportional to the arithmetic average 
vaiue of the volti^, and ther^ore that with an instru¬ 
ment reading the average value of an alternating volt¬ 
age instead of its r. m. s. value, correct dentity in the 
transformer under test can be preserved irrespective ol 
the voltage wave shape. If an average-rea^g volt¬ 
meter is calibrated on a sine wave or, more conveniently, 
bn a d-c. source,,&d th^ is used to detomine the test 


voltage, correct density and hysteresis loss in the 
transformer are assured. Results are practically inde¬ 
pendent of the type of core steel used in the transformer, 
and correction need be made only for the eddy-current 
component of the no-load loss. This is a relatively 
small correction and can be made v^ accurately. 

The average-voltage method was not commerdally 
practicable until a few years ago when G. Camilli 
showed how an average-reading voltmeter could be 
constructed uting a vacuum-tube rectifier and d-c. 
voltmeter. Since the instrument was to be used for 
maintidning correct flux in a transformer it was named 
appropriately a “flux voltmeter.” “A Flux Voltmetw 
for Magnetic Tests,” A. I. E.E.Jl., October1926, p. 989, 
disc. 1014.) Since then the instrument has been im¬ 
proved fuller by the use of a small copper-oxide 
rectifier instead of the vacuum-tube rectifier, and is 
available commercially. 

In addition to the much greater accuracy obtadned by 
the average-voltage method, there is the advantage 
that a given no-load-loss measurement can be checked 
very easily even in the field by any one using a flux 
voltmeter. The calibration of the instrument also is 
simple; it can be done on direct currmit. 


Suspension Insulator Lilts 20-Ton Load 



Westlnghouse B. & M. Oo. Photo 


New devdopmentssuchasrailread electrification with 
heavy cables tightly strung are demanding mechanical 
strength in insulators which requires all the designer’s 
skill to furnish. Just as a demonstration of its str^igth 
this new 12-in. heavy-duty insulator, addch is thought 
to be the strongest of normal type ever built, may be 
seen lifting.a 20-ton steel car off the rmls, trucks and 
ail> The greater strength has been obtained not by 
uting more material, but by a more accurate knowledge 
of materuds in general, and a mote precise calculation 
of the distribution and transfer of stresses. 

6*71 


August 1981 



Insulation Research 
Advances Are Recorded 


Tli« quett for a better understandins of important problems underlying the 
improvement of electrical insulation is proceeding definitely through 
channels of research into related fundamentals^ as outlined in the January 
of ELEOKICAL ENGINEERING (pp. 24-89). During A. M 
half of 1931 some seven papers have been presented before Institute con¬ 
ventions and District meetings covering certain specific efforts in insulation 
research. Two of these papers concerned themselves with cable oils, two 
with impregnated paper, and three devoted primary attention to mathe¬ 
matical attacks upon insulation problems. In whole or in part in several 
Instances these same papers were discussed at the Washington, D. C. meet¬ 
ing (Nov. 7-8,1930) of the National Research Council’s electrical insulation 
committee, which conference was comprehensively reviewed in the January 
1931 issue of ELECTRICAL ENGINEERING. All of the papeis in 
question have been reviewed briefly in cunent news reports appearing in 

ELECTRICAL ENGINEERING, but b«.». of A. l.pori.„c. of 4, ..£1 

and for the benefit of those it may serve, the following group of brief 
abstracts is published. 


The Conductivity 
oF Insulating Oils 


By 

J. B. WHITEHEAD Johns Hopldns Unl> 

Fellow A. I. E. E. versity, Baltimore 


Continuous-current charac¬ 
teristics of several insulating oils are i^died for time 
intervals beginning 0.001 sec. after the application of 
volta^ or short circuit. Essential equipment is the 
amplifier oscillograph in connection with a quick-acting 
It is foimd that in one group of oils there is an 
initial conductivity which is constant over the period 
of tile first second following the application of the volt¬ 
age. Thereafter there is a slow decrease of conductivity 
to a final value much lower than the initial value. It is 
shown that this initial constant conductivity is sufficient 
to account for all of the dielectric loss under alternating 
stress. 

In anothtt group of more carrfully refined and 
deaerated oils there is superposed upon the brief initial 


of Insulafilii* Oih," (No. 31^) presented « 
tte A, t. B. B. irlnter eonTentlon, New York, Jan. 26-30,1»31. 
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constant conductivity a still shortm* initial evidence of 
dielectric absorption. During the first few thousandths 
of a second the charging currmit decreases sharply; is 
followed thereafter by a constant conductivity up to 
about one second, and thereafter decreases further to a 
much lower value after a long time. The absorp¬ 
tion period has a corresponding discharge curve on 
short circmt. The measured value of the alternating 
loss in this case is completely accounted for by the 
sum of the loss due to the initial period of absorption 
in combination with the succeeding short-time-constant 
conductivity. 

C^er results are presented on the variations of the 
itutial and final conductivities with the voltage and 
with temperature. The final currents show saturation 
characteristics, but the initial high conductivities do 
not. 

Among the conclusions reached are the following: 

1. Certain high-grade insulating oils have elecl^cal 
characteristics similar in type and comparable in 
magnitude to those of the carefully refined poorly 
conducting liquids used in physical research. 

Oonduotivities of tiie order 10““ mhos per cu. cm. -are common. 

Ib tho puTGst stfttG th6y show & dofinito though 
brief dielectric absorption. 

are in fact three definite stages ^f conductivity: (A) an initial 
bilef9 rapidly descending value with oorrespondiag curves for charge and 
discharge current, thus indicating the presence of dielecmc absorption. 

Electric^ Engineering 



The duration of this phase is of the order of 0.004 sec. (B) An approxi¬ 
mately constant value of conductivity within the Interval 0.004 to 1 sec. 
(O) A very dowly decaying conductivity reaching a constant value only 
after 30 min. or more. 

3. Initial dielectric absorption increases with de¬ 
crease of temperature and thus is associated with the 
viscosity. 

It is difficult to measure at 60 deg. or in an oil slightly deteriorated. 
In these cases the absorption, if present, is obscured by the greater value 
of conductivity of stage (B). 

4. Dielectric loss under 60 cycles alternating stress 
is detOTmined definitely by the continuous-current 
characteristics.within the interval 0 to 0.1 sec. 

Loss at the higher temperatures and for oils having high initial conduc¬ 
tivity is accounted for completely by the conductivity of stage (B). For 
the pivest and best oils below 60 d^. the alternating loss is accounted'for 
completely by the conductivity of stage (B) plus the loss computed from 
the curve of dielectric absorption pertaining to stage (A). At 30 deg. 
this second component may represent 86 per cent of the total loss. 

5. Initial absorption, conductivity, and subsequ^t 
decay are not completely accoimted for by residual 
impurities, as frequently stated. 

It is highly probable that they are due in part 'to the variety of molecular 
complexes and groupings occurring in 8u<di hydrocarbons, resulting in a 
heavy slow-moving type of ion whltffi Is subject to wide variation in proper¬ 
ties with the value of the electric intensity and with other external influence. 
Thus those ions which give rise to the initial stages of conductivity prob¬ 
ably are quite different from those involved In the final oondnctivity, and 
which have been used by Jafle and others for dra'wlng analogies between 
the conductivity of a liquid and of a gas. In fact there is no immediate 
evidence that this latter type of ion is involved in the alternating loss at 
commercial frequencies. 


Some Electrical 

Characteristics o^ Cable Oils 


By 

HUBERT H. RACE General Electric Oo. 
Ai^. A. I. B. E. Schenectady. New York 


Routine measurements of d-c. resis¬ 
tivity are dealt with in the first part of this paper, along 
with a desmption of a quartz-insulated testing cell 
and a portable testing set for use with it. Absolute 
resistivity between 1 X 10* and 1 X 10“ ohms can be 
measured at any temperature up to 150 deg. cent. 
Among the conclusions are: 

1 . Bata indicate that for comparative resistivity measurements it Is 
necessary that the sampled be thoroughly dry and that they be protected 
from light and heat before the measurements are made. 


From **Some Electrical Characteristics of Cable Oils.'* (No. 31 >47) 
presented atdihe A. I. E, Printer convention, New York, Jan. 26-30,1931. 


2. For comparing the electrical characteristics of commercial Insulati n g 
oils, d-c. conductivity measurements are preferable to low-frequency bridge 
measurements since they give the same information and are easier to mafc . 

Variation of apparent d-c. conductivity of a heavy 
cable oil with potential gradientand with temperature are 
shown in the second part of this paper. Datashowthat 
the conductivity is constant only for very low gradients. 
An approximate mathematical relation is developed 
to represent the conductivity both as a function of 
potential gradient and of temperature. Measurement 
of the apparent d-c. conductivity of a heavy cable oil 
as a function of temperature and of potential gradient 
gave the following results: 

1. Potcuti^ gradient must be kept below 20 volts per mU to assume 
constant conductivity for temperatures as high as 100 deg. cent. 

2. The lower 'the temperature the higher the critical gradient below 
which conductivity Is independent of gradient. 

3. The lower the temperature the more rapid the increase In conduc¬ 
tivity for gradients higher than this critical gradient. 

4. Variation of apparent d-c. conductivity with both temperature and 
potential gradient may be represented approximately by the equation 

ym yo^T 

in which, for the oil tested, 

yo -• 3.48 X 10'** mho. per cm.* 

a « 0.0633 per deg* abs. 

0 » 12.64 (100/ T)* per volt per mil. 

T •* temperature in deg. abs. 

ff * mA-rinuim potential gradient in volts per mil. 

6. In conducting those experiments, convection currents wer observed 
in the oO, indicating that the increase in conductivity at high gradients 
may result from increased mobility of charged aggregates. 

Observed variations of dielectric coefficient and 
dielectric loss with temperature and frequency for a 
viscous cable oil are summarized in the third part of 
this paper. Analysis shows the total dielectric loss 
to be the sum of two components, one due to conduction 
and the other qualitatively explained by Debye^s 
theory of polar molecules. On the basis of measure¬ 
ments made on carefully refined water-free mineral 
ins gilating oil through a temperature range from — 60 
to 160 deg. cent, and a frequency range from 800 to 
2 X 10® cycles per sec., it is apparent that: 

1. At frequencies Iowa: than 300 cycles par sec. and at temperatures 
grater 26 deg. cent., the total dielectric loss may be accounted for by 
conduction only. Thus at 60 cycles per sec. it is only at very hicdi viscosi¬ 
ties that there is any appreciable loss except that resulting from conduction. 
For this reason d-c. conductivity measurements are sufficient in comparing 
the electrical characteristics of insulating oils, when made according to 
conditions discussed in Part I of this paper. 

' 2. At higher frequencies and lower tempera'tures the conduction loss 
becomes compared to an a-c. loss whidbi may be qualitatively ex¬ 
plained on the basis of D6bye*8 theory of polar molecules. While it is 
true that Bebye's theory has given qualitative agreement with observed 
data, it is possible tiiat gimiiA.r relations may be devtioped on 'the assump¬ 
tion of the motion of charged partities in an ionic atmosphere. 

3. In mineral oils having lower-viscosity, but about the same oonduo 
tivity^ this a-c. loss is negUgible at even lower temperatures and higher 
frequencies than for the more -riscous oil. 

4. For oils containing larger amounts of polar constituents, such as 
castor oil or oU-rosin mixtures, this a-c. loss may be appredable even at 
commercial frequencies and temperatures. 

6. Bata indica'te that It is dangerous to draw conclusions as to the 
chaiacteristlcs of a material from measurements taken only for narrow 
ranges of expodmental conditions. Studies over wide ranges of frequency 
and temperature may explain apparent discrepancies between results of 
difterent experimenters working within different limited ranges of 
measurement. 
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Fundamental Properties 
of Impregnated Paper 


By 

J. B, WHITEHEAD 

Fellow A. I, E. E. 


Both of 

W.B.KOUWENHOVEN Johns Hopkins Uni^ 

Member A, I. E. E. versity. Baltimore 


4, Electrical characteristios of paper are cl^cd 
The rererslble absorption and the irreversible charging current bo 4 

lixr t.1iA iVknHiiAtivttV Of thd OU. 


The differences in the characteristics of the two 
impregnated specimens were due to the differences in 
the initial conductivity of the two oil samples. The 
dielectric loss in the specimens has been analyzed and 
separated into three components; reversible absor|)tion, 
irreversible conduction current, and final conductivity. 
The loss due to short-time conduction may be as high as 
30 per cent of the total loss, and 260 times the loss as 
computed from the final conductivity. 


PiRST results are given in this discus¬ 
sion covering a study of the separate electrical behavior 
of the paper, the impregnating oil, and the combination 
thereof which constitutes impr^nated insulating pax>er. 
Where possible, efforts were made to determine the re¬ 
lationship existing between fundamental and final 
characteristics. 

The materials used constituted two essentially 
identical paper specimens and two oil specimens drawn 
from the same batch. The paper samples were carefully 
dried prior to testing; one of the oil specimens was 
used "'as is’^ and the other was deteriorated by heating 
in the presence of air until its dielectric loss and con¬ 
ductivity were approximately double that of the other 
spedmen. All specimens w^e tested s^arately; sub¬ 
sequently combinations of the paper specimens with 
the two different oil samples were t^rt»d. 

Test procedure involved the use of both continuous 
and alternating potentials for the determination of 
temperatures ranging from 80 to 60 deg. cent. Short- 
time oscillograms and long-time values of charge and 
discharge currents were measured using continuous 
potentials; power factor, capacitance, and dielectric 
loss were determined with altema^g potentials. 
All of the a-c. loss in the paper specimens can be 
accounted for by absorption, while the didectric losses 
in the oils can be accounted for entirely by the short- 
time conduction and brief initi al dielectric absorption. 

The two impregnated-paper specimens were foimd to 
be alike, in that their voltage-pow^ factor curves were 
straight lines and that thdr losses increased in propor¬ 
tion to the square of the test voltage. Some noteworthy 
differences, however, are worth mentioning: 


I. The riiepe of the lose-tenaperatore ourye for the paper flpeclxnei 

wrested irftti the poorer oU had a IT shape, while the other Showed ; 

curve tliKt was faning over the entire range of temi^eratare studied. 

S. Ai^oogh Initially both paper apedmens bad the same capadtanoc 

on high conductivity and lows 
<^«c«os^^apeater resoltlng capacitance than the other whld 
y m pt yna^ with the good on of low conductivity, but of greats 
^sopioiiwm&Uiecapi^ty. 

ann ImSTegiiaMd q>wl]neiu ma greater thim a». 

PWe «»d oO rieed Id tfadr inraduMtoi 
itetewitatelT ptadieud- tmai tee teorttene e<niteiooiu-Tolteg< 


Itel*egn.tea P.per. " (N . 31^ 
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Air and Moisture 

versus Paper Insulation 


By 

J. B. WHITEHEAD 

FeU<nr A. I. B. £. 

F. HAMBURGER, JR. Both of Johns Uopkins 

Assoc. A. I. E. E. University, BoIMmore 


THIS is the third of a saies of studies 
into the still open question of the influence of residual 
air and moisture upon the properties of impregnated- 
paper insulation. The influence of residual moisture 
was found to be universally had and increasing amounts 
of such moisture are immediately reflected in higW 
values of power factor and loss and in oth^ evidence of 
instability. One of the most striking results of the 
e»lier studies was the relatively small effect of raddual 
air upon the shape of the voltage^power factor curves. 
The shape of these curv^ was not appreciably affected 
in the range of evacuation pressxire from 1 to 10 cm. 
Hg. abs. and furth^more tiie curves were flat up to 
800 volts per mil and 50 deg. cent. Only at impregna¬ 
tion pressures above 26 cm. Hg. do the typical rising 
power factor-voltage curves become evident. Upon 
dissection, dryness and gas voids always were associated 
witii lisii^ power factor-volti^e curves, and apparently- 
excellent impr^nation with tiie flat curves. 

The present papa: presents the results of studies of 
the influence of remdual air upon the life of the fininhad 
insulation. The value of the pressure of evacuation 
and impr^nation was used as a measure of the amount 
of residual air. The test sample consisted of a brass 
tube 1 iu. in diameta: and 4 ft, long upon which were 
wrapped 16 layers of 0.0048 in. manila <mble paper 1 


rrr “ Mid M<*tei. in Ia»®regi»ted-B.per IhiuUMob 

PMWDted at the A; b, B, dimmer eonventioit 
AahavIllQ, N.O;, June 22-26, IdSl. ^ wavmwm, 
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in. wide. In all respects excepting certain modifica¬ 
tions for strengthening the ends to withstand the higher 
voltages requisite for the accelerated life test, the sample 
was similar to that used in the earlier studies. 

In view of the influence of reddual moisture, all Ihe 
samples were dried to the same standard value of d-c. 
conductivity before impregnation and then evacuated 
and impregnated at various values of pressure as a 
measure of their air content. The usual program in 
the accel^ted life test was to start at 400 volts per 
mO, followed by 500 and 600 volts p^ mil at 1-hr. 
intervals, thereafter advandng to 600 and 660 volts 
par mil at 10-hr. intervals, followed by 700, 750, 800, 
850 volts per mil for increasingly long periods. This 
program resulted in a life in the ndghborhood of 12 hr. 
for the poorest spedmens, but in several cases of better 
grade, the life reached a week and more without sign 
of distress at prolonged periods of 850 volts per mil. 
In these tests the temperature ronained constant at 
40 deg. cent. 

A summary of the conclusions is as follows: 

1* The life of impregnated-paper insulatton increases steadily with a 
decrease in the amotmt of resldiud air. 

2. For impregnating pressures above 2.5 chu the life decreases rapidly 
^th increasing pressure of impregnation. For pressures below 2.5 cm. 
the results show an Increase of life of firom 10 to 50 per cent between 2.5 
cm. and 2 mm. impregnating pressure. 

3. For impregnating pressures below 2.5 cm. normid variations In 
material and structure, particularly in the tightness of the structure, may 
oilBet the increased life due to decreasing the pressure of impregnation. 

4. Gable compound deteriorates if it contains only a small amount of 
air, even though It Is kept In sealed containers at room temperature. Air 
should be entirely excluded to avoid deterioration. 

5. Flat power factor^voltage curves and the absolute value of power 
factor should not be accepted as indicaUons of long Ufa. 

5. Power factor rise due to the initial application of voltage during a 
life test is indicated as a possible criterion of insulation life. 

7. A very satisfactory type of sample and reenforced cable-end for 
accelerated life tests has been developed. 

8.. Narrow variations in the quality of both paper and oil may cause 
wide diflerences in the electrical characteristics and in the lives of the 
impregnated products. 

Insulation 

Variability 

By 

M, C. HOLMES um- 

A. I. B. X. venttr, Morgantoim 

This paper constitutes a theoretical 
investigation of the effect of insulation varishility 
determining the broflcdown voltage of systems con¬ 
taining large areas of insulation, or large numbers of 

From ''liisulation YarlabOity-^Its Influence In Determhiing Breakdown 
Toltages,'* <No. 31 *99) presented at the A. I. B. B. summer oonvenldon, 
Asheville, N. <7., Jtme ^26.1981. 
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units of insulation in parallel. It is based upon the 
idea that a failure in the insulation of a system, like 
that of a chain, depends upon the strength of the 
weakest part, or unit; and that the greater the nunober 
of units in a system and the greater the variability 
among the units the greato* will be the likelihood of a 
failure. The analysis, therefore, makes use of the laws 
of probability which incidentally are more exact and of 
greater practical importance than is generally believed. 

That the results of the investigation may be immedi¬ 
ately applied and tested in engineering they are given 
in the form of two genoal equations. These two 
equations give in terms of two parameters either the 
breakdown voltage of a ^stem or the number of failures 
to be expected. The parameters are (1) mean break¬ 
down voltage and (2) variability of the Tinits of insu¬ 
lation of which the system is composed, both determined 
from tests made, on samples. The paper shows how 
the results may be applied to the special case of electric 
power cables for comparing the relative merits of 
different cables and for determining the factor of safety 
required to take account of the inherent variability of 
the insulation. A graphical method of anal 3 ^s also 
is described which noakes use of a special kind of graph 
paper called “probability” paper. In the case of 
cables the probability coordinate is changed from 
“per cent” to “failures per 100 miles of cable per year.” 

The two general equations, and the meetings of the 
symbols, are as follows: 

( 1 ) 

and 

Ei = Ea[l-S. erf-i (1/2 - 1/(2 N) ) ] (2) 

Thd first equation gives the number of failures F to oxpoot in a system 
ocmtainingNuifits of insulation at an operating voltage B 0 , the units being 
assumed removed f^m the system upon failure. The two paramotors 
Ba and S may be considered as representing the quality of the Insulation 
as regards resistance to rupture, Ea being the mean breakdown voltage of 
the units and S the coefficient speolf^dng the variability of the insulation. 
The second equation gives in terms of the same two paramotora the break¬ 
down voltage for a sjrstem of N units of insulation connected In partUlol. 

The symbol eifU an operator used to denote the Glavssian error function, 
the value of which may be obtained from, tables similar to tables of sines 
and cosines. The symbol represents the inverse operation just as the 

symbol represents the Inverse of sin, Values of erf(x) and er/^^(x) 
may be obtained from tables, then, just as are values of and 

The equations therefore are quite simple and easy to apidy in spite of their 
formidable appearance. 

The coefficient St specifying the variability of the insulation, is ealculatod 
from the results of breakdown teats on samples. It is the standard dovit^ 
tion, sigma, expressed as a decimal fraction of Bo. ai g ^ a Is defined by the 
following equation: 


I S(S)» 

agma = \|- - - (3) 


where 2 (S)* represents the sum of the squares of the deviations of indi¬ 
vidual breakdown voltages from their mean, and n is the number of test 
results considered. 

The two equations are eatirdy general. Specific 
equations may be obtained from them and applied to 
all kinds of insulation, dther in the form of continuous 
areas as in cables, or in the form of discrete units as in 
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overhead transmission lines. In the former case N 
represents length of cable measured in terms of some 
standard test length; in the latter case, N represents 
the number of units of insulation under voltage stress, 
for example the number of strings of insulators along 
an overhead line. In the case of thin sheets of insula¬ 
tion N may be taken to represent electrode area; 
equation ( 2 ) then gives breakdown voltage as a function 
of electrode area as well as insulation variability. It 
therefore constitutes a distinct advance over the well- 
known equation of Milnor's which takes account only 
of the effect of area. 

In the past too much attention has been paid to 
mean breakdown stresses or to the extremely high 
stresses exhibited by a few samples of insulation, and 
not enou^ to the question of variability. The present 
paper shows that the variability is at least equally 
important, and often is the more important because it 
is the strength of the weakest unit—not the mean 
strength of all the units—which determines the strength 
of the entire system. 


Thermal Breakdown 
of Solid Dielectrics 


By 

P. H. MOON 

Member A. I. B. E. 


Massachusetts loatltute 
of Technology, Oambrldge 


1 4. 4.1. 1^^ purpose of this paper is to con 

mte the work which has been done on brea 

down and to put it in a form in which it can be used 1 
the dectrical engineer in the calculation of breakdot 
voltage. Besides a treatment of the Pock theory t 
^per mdudes the derivation of new fommlas for 
down of veiy thin and very thick samples and i 
internal tonperature rise and current. 

A startup fact brought out by this analyds is th 
before breakdown the internal temperature never ris 
than about 10 deg. cent, above ambient tempei 

breakdown voltage a 
fflrt^ed to cover a wider range of temperature and i 
and the r^ts are put in several fon 
ctmvem^t for uumaical calculations. Breakdo\ 

mdfat ^ ^ calculated by a tedious a 
Md-try pr^ using all three tables. In the nr^ 
paper t his has been simplified and the results ^ven 

«r.». y.. AM S».Mw 2. im NorthBMtem DMrlot mMUDg. Roch 
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the form of new curves and tables, tiius greatly reducing 
the labor required for breakdown calculations. Ex¬ 
perimental data are presented to verify the theory. 


Equivalent Circuits 

of Imperfect Condensers 


By 

C. L. DAWES 

Member A. I. E. E. 

W. M. GOODHUE 

Non-membw 


Both of Harvard KiikI*. 
neorlng School, Oai»-< 
bridge, MassachuHotln 


Imperfect condensers usually are 
r^resented by equivalent electrical circuits consisting 
either of a pure capacitance and a resistance in series 
or by a pure capadtance and a resistance (or conduc¬ 
tance) in parcel. Algebraic rdationships existing 
among these dreuit parameters are well known and 
commonly are used in dielectric study and electric 
OTcuit computations. For most dielectrics the equiva- 
OTt series and parallel capacitances are essentially 
^ud; in this paper examples are given where this is 
far from true. 

llie purpose of this pap^ is primarily to show quanti- 
tativdy the appHcation of these equivalent series and 
p^d circmts to composite dielectrics consisting of 
sohd dide^cs ^d ionized gases in series, and more 
partic^arly to high-voltage cables having degrees of 
motion varying from practically zero to very high 

Witt a wmpoate dielectric condsting of a slab of 
^ in smes with a film of ionized gas the equivalent 
sen^ resis^ce for the fundamental component of 
ci^t vati^ wia the current density and, so far as 
h^tofore has been known, its charact^stic wS 
me^y a curve more or less indefinite in character 
lu ^pa^ It m shown that this characteristic iTa 
efimte and r^tively simple function of the current 
and th^ it has a maximum value which is 
J^^^mputed from the constants of the com^te 

V characteristics of high.-'voltage cables hithAH-n 

Id capacitance and in terms of equivalent ri^Ii 

t4i>cee m mort earn are pract icaliy equal; eveTto- 

(N«. at.r41 

N.T., 
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valu^ of pow» factor as high as 12 per cent they differ 
by only 1.6 per cent. 

The equivalent parallel reastance and conductance 
and the equivalent series reastance of cables having 
ionization Mtherto have been expressed by curves which 
seemed to have had no analytical baas. In this paper, 
however, it is shown that such curves (with the excep¬ 
tion of the region of successive ionization) can be ex¬ 
pressed by relatively simple anal 3 tidcal equations; also 
the curves of the equivalent parallel conductance and 
equivalent series reastance can be anal 3 rzed into three 
simple component curves. Moreover, at the ionization 
voltage these mves rise rapidly to a maximum and then 
decrease more riowly. This maximum value and the 
voltage at which it occurs are readily calculated, being 
very simple functions of the characteristic cable con- 
tants. These curves also are shown to be very similar 
to the power factor curve and to differ from it by only a 
coeffident C oa that is nearly constant. 

Thtis this paper puts on a moderately accurate quan¬ 
titative and analytical bads what hitherto have been 
merely cable curves having no apparent relationship 
to the inherent cable constants. 

• Equivalent series and parallel parameters of ionized 
gas films taken by themsdves also are analyzed, with 
only the fundamental component of current conddered. 
It is shown that tiie equivalent series redstance of such 


Water Power 

Exploitation in Switzerland 

Switzerland is one of the few countries 
fortunate in having at its disposal more 
water power than its inhabitants can use 
conveniently. Hydroelectric power now 
is supplied to 90 per cent of the total 
population and to 98 per cent of all munici- 
paliti $. 

• 

• Switzerland’s topographic, geo¬ 

graphic, and economic dtuation contributed to bring¬ 
ing about the early and extendve utilization of the 
country’s electric energy, not only for its railways but 
for various industiial and other purposes requiring 
motive power, sa 3 rs Prof. C. Andreae, ^gineer E. P. F., 
former rector of the Federal School of Technology at 


Oontrfbat^ by F. J>O086nb%cib, direc^r of the OfBdal InfomiatiODi 
Buroan oC Swt^Borland, I^owTork. imbllsbed in pi^pldet form. 
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films may be expressed fairly accuratdy by a sunjile 
equation, and that the ctu^teristic has a definite 
and sharp maximum which is eadly computed. 

Unlike cables, the equivalent smies and parallel 
capadtance of ionized gas films differradically from each 
other in value. At large current dendties tte value of 
tile equivalent series capacitance may be as high as dx 
times tile value of the equivalent parallel capadtance. 
Hence the two cannot be assumed to be equal as with 
ordinary cables and other dielectrics. The equations 
for the characteristics of an equivalent series capad¬ 
tance can be det^mined from the characteristic curves 
themselves, but thus far it has been found imposdble to 
relate them to any fundamental electrical property of 
the ionized gas. 

Osdllograms show that with a dne-wave voltage the 
current in ionized gas films consists largely of har¬ 
monics, particularly those of high frequendes. It is 
emphasized in the paper that ihese harmonics render 
ambiguous many of the definitions which hitherto have 
been applied to dielectrics. Also most high-voltage 
bridges measure only the fundamental component of 
voltage and current. Hence it is recommend^ that for 
simplicity both in definition and in measurements, 
quantities relatii^ to ionized gas films shall be defined 
for the present with reference only to the fundamental 
component of the current and voltage waves. 


Zurich and now director of the Royal School of Tech¬ 
nology at Cruisdi (Egypt), in an artide published 
recently in Siam Indus^ and Trade. 

A marked industrial devdopment has takai place 
during the past century in Switzerland due primarily 
to the growing inadequa(qr of agricultural products to 
provide for the maintenance of its ever increasing 
population. Switzerland possesses no coal mines. Its 
rivers and waterfalls, however, are a source of great 
natural wealth and thdr exploitation has become a vital 
economic factor. 

’The total amount of this natural energy is estimated 
at 6,000,000 kw. and is capable of producing an annual 
output of 20,000,000,000 kw-hr. At the preseat time 
only 1,660,000 kw. is bdng utilized, tire annual pro¬ 
duction amounting to 6,968,000,000 kw-hr. Neverthe¬ 
less, in 1926 consumption had reached 820 kw-hr. per 
capita of inhabitants, without exports; induding the 
latter the total p^ capita output exceeded 1,000 kw-hr. 
As would be expected from these f^ts there are 
surprisingly few people in Switzerland who do not 
enjoy to some extent tiie b^^ts of dectridty, statistics 
investing that 90 per cent of the total population 
and 98 per cent of all munidpalities are supplied with 
this commodity. 

, The total area, of Switzerland measures only 16,990 
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sq. mi., or about twice ttie area of the state of New 
Jersey. This comparatively small area, however, em¬ 
braces great differences in altitude, the highest point 
being 15,200 ft. above sea level; the lowest, 646 ft. 
Consequently declivities are extremely pronounced and 
stream beds exceedingly abrupt. 

Judging from these facts, the prevalent conditions 
for hydroelectric development would appear to be 
favorable and simple. Switzerland's hydrologic regime, 
however, is peculiar; although 60 per cent of the pre¬ 
cipitation occurs during the five winter months (Novem- 


of the water during the summer. Accordingly, plants 
are constructed in the vicinity of the Alps where small 
streams with high heads produce relatively large 
quantities of electric energy with comparatively little 
water. Some plants have been constructed also on the 
lower portions of rivers and streams to utilize directly 
the heavy summer stream flow. During the summer 
months, these plants supply practically all demands, 
allowing those situated in the higher Alpine regions to 
fill their accumulation basins in preparation for the 
annual low-water period. 


ber-March) and only 40 per cent during the seven Considered from economic and financial points of 
summer months (April-October), rivers and streams are view, these groups of power plants are not all organized 
high in summer and low in winter. This is because upon the same basis. The Swiss Confederation owns 
winter precipitation takes place generally in the form the plants which supply tractive power for the stale 
of snow and remains stationary until the summer railways only. A small number are owned by the ('.an- 


months. Consequently the energy produced directly 
in winter constitutes only one third of that obtained 
during the summer. 

An exactly opposite situation exists as regards 
consumption and demand. Maximum consumption 
during a winter day is about 120 per cent of the average 
daily consumption throughout the year; for a summer 
day, the maximum is about 80 per cent of the average. 
An economical exploitation of this natural energy then 
obviously necessitates some measure to compensate for 
the divergency between output and consmnption. 
Among the various methods advocated, the system of 
hydraulic accumulation during the summer, when 
output exceeds consumption, has proved the most 
economical and enjoys the greatest popularity. 

Similar to the situation existing in the mountainous 
regions of western United States, accumulation is 
effectuated by means of dams allowing for the retention 


tons or municipalities while others are operated by 
private companies. The most important groups, 
however, are owned by “mixed companies.” These 
are limited companies in which the larger portion of 
the stock is in the hands of the cantons or municipalif Je.s. 
This combination, wherein private capital cooperates 
with public effort, has given excellent results in the 
majority of eases. 

What vrill be the largest “accumulation” plant in 
all Europe is now under construction on the River 
Aare at Grimsel Pass. It will have two basins with a 
total capacity of 91,600 acre-ft. The principal dam will 
be 361 ft. high. Water is to be utilized in three iastal- 
ments, with a total fall of 3,940 ft., and the ultiniuto 
plant capacity will be 250,000 hp. At present only the 
first instalment which will aggregate 120,000 lip., i.s 
being built. The waterfall for this initial development 
will be 1,770 ft. high, and the rate of How, 642 se(s-f('. 


An excellent example 
of Switzerland’s rugged 
topography showing a 
train of the electrified 
St. Gothard railway ap¬ 
proaching the huge 
Ketstelenbach viaduct. 
At the right may be 
seen the Amsteg hy¬ 
droelectric plant with its 
three penstocks running 
down the mountainside 
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Of Insiilute an J RelateJI i\.cli'«4tftes 


And Next— 

The Tahoe Convention 

The prograqo. has been published 
(pp. 514-6 Eleotbioal Engineering^ 
July, 1931) aad oiroulated to every mem¬ 
ber of the Institute; oommitteeshavebeen 
as busy as the proverbial bees gathering 
proverbial honey; Tahoe Tavern beckons 
with special reduced rates; the majestic 
Sierra Nevada await; I^e Tahoe is 
ready; and prospective speakers are (or 
undoubtedly should be) practising before 
favorite mirrors. In other words, the 
stage is all set for a most attractive 
Pacific Coast convention at Lake Tahoe, 
California, during the last week in 
August. 

As hinted before, the forthcoming 
events oiler opportunities attractively 
unique in the variety of things those in 
attendance may do, in addition to par¬ 
ticipating in a good technical program. 
Just to mention a few, there’s hiking, 
fishing, boating, swimming, golfing, and 
Reno, And then there is the fact that 
transportation rates from many points 
are the lowest that they ever have been. 
Last, but not least, there is the cordial 
invitation of General Chairman A. W. 
Copley (vice-president-elect) to ‘‘come 
and bring the family.*’ 


Following the plan inaugurated in 1930, 
the conference of officers, delegates, and 
members, held under the auspices of the 
Sections committee and the committee on 
student Branches, met on Monday and 
Tuesday afternoons, June 22 and 23, 

The attendance of official delegates 
was larger'than ever before; representa¬ 
tives included 52 of the 59 Sections, 
all of the ten District secretaries, and 
counselor delegates from eight of the 
nine Districts in which committees on 
student activities have been organized. 
Institute fmd Section officers. Branch 
counselors, and other members present 
brought tbie total attendance to about 
110 , 


Kansas City is 

Host to October Meeting 

The South West District No. 7 of the 
A. I. B. E. will hold a three-day meeting 
at Kansas City, Missouri, October 22-24. 

Four technical sessions have been 
tentatively scheduled, the first of which 
will comprise papers on a variety of sub¬ 
jects; buildii^-construction welding, re¬ 
lay operation as affected by wave form, 
pilot-wire relaying, computing currents 
in network loops, backfi^s in rectifiers, 
overvoltages due to the dropping of load, 
and surge tests on a distribution substa¬ 
tion. The three other sessions will 
include papers on: St. Louis-BagneU 
interconnection, communication, and 
transmission and distribution. At the 
interconnection session a three-reel 
motion picture of the actual construction 
of the Baguell dam will be shown. 

In addition to the foregoing technical 
program there will be two student ses¬ 
sions at one of which papers by the stu¬ 
dents will be presented. 

Other features of the program will con¬ 
sist of entertainment, inspection trips, and 
recreation. These will be announced in 
detail in a subsequent issue of Elbotbical 
Engineering, together with a fall listing 
of the papers to be presented. 


After a brief opening session on Mon¬ 
day afternoon, sessions A and B were 
held in parallel, Everett S. Lee, chairman 
of the Sections committee, presiding over 
session A devoted to Section activities, 
and Prof. W. J. Seeley, a member of the 
committee on student Branches, pre¬ 
siding over session B which dealt with 
problems concerning the Branches and 
enrolled students of the Institute. Tues¬ 
day afternoon was devoted to a joint 
meeting of the two groups, to discuss 
subjeots of common interest. 

The topics in a conference program, 
which had been mailed to delegates and 
others in advance, are given in the follow- 
ing outline: 


Monday, June 22, 2 p. m. 

1. Opening Of conference: 

Announcements by Everett S. Lee. chair¬ 
man of the Sections committee. 

2 . Eenuurks by W. S. Lee, president. 

3. Bemarks by O. E. Skinner, president-elect. 

4 . Remarks by F. L. Hutchinson, national 
secretary. 

5. Division into parallel sessions of Sectton 
and student Branch delegates and members. 

Session A—Sections Meetinii—Ever tt S. 
Lee presiding. 

6 . The Institute Membership—J. Allen John¬ 
son. chairman membership committee. 

a. The licensing or registration of engi¬ 
neers. 

b. Esta^Udiing a hlfidi professional stand¬ 
ing of engineers in civic and other 
aflaiiis. 

c. How to cireate an interest in members 
of six or more years standing in trans¬ 
ferring to the grade of Member or 
Fellow. 

7 . Conduct of Sections—^H. H. Henllne, assis¬ 
tant national secretary. 

a. Finding new material for officers. 

b. Types of programs and speakers: 
frequency of meetings. 

c. Howto buildup and maintain interest 
of members In sections by technical 
and entertainment programs, and so¬ 
cial features. 

8 . Finances—^A. G. Stevens, secretary. District 
No. 1. 

a. Financing of Sections and District 
meetings. 

b. Financing of Section contact with local 
engineertag societies. 

Seaslon B*—Student Branch and Enrolled 
Studeat Meetlnd—Prof, .W. 1, Seeley 
presldlnii. 

9. The problem of interesting the better high 
school students In electrical engineering— 
Prof. W. H. Timbie, chairman committee on 
student Branches. 

10. The most advantageous time of year for 
holding student confereaces—Prof. Joseph 
WeU, counselor delegate, District No. 4. 

11. Coordination between the Branches and 
SeetioDS. national organization, and practis¬ 
ing engineers—Prof. G. H. Sechrlst. counse¬ 
lor delegate, District No. 6. 

12. Conduct of Branch business—^Prof. G. L. 

Hoard, counselor delegate, District No. 9. 

18. Financing the chairmen of the District 
student Branch committees—^Prof. D. C. 
Jackson, Jr., counselor delegate. District 
No. 7. 

Tuesday, June 23,2p« m« 

Sesslan G—General—Everett S« Le pre« 
sldlnd, 

14. The Institute and the student—Prof . W. H. 
Timbie, chairman committee on student 
Branches. 


Offic rs, Delegates, and Members 
Hold Animated Sessions at Asheville 


August 1931 
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Transportation in Electrical Construction 



$INOE those in attendance at the Pacific Coast convention at Lake Tahoe, 
CaJifornia, will liave the opportunity to visit the recently completed Tiger Creek 
plant of the Pacific Gas and Electric Company on the Mokelumne River, it is of some 
interest to note the contrast in transportation faculties available for this latest job as 
compared with those available for the company’s early De Sabla plant built on the 
same stream in 1904. 


Recommendations Adopted 


a. How* to get the facts regarding the 
electrical engineering profession before 
Juniors and seniors in Ugh schools. 

b. Cooperation between local Sections 
and student Branches. 

c. Meetings of local Sections conducted 
by younger engineers. 

15. General. 

a. The extension of the scope of A. l.E.E. 
activities to Include more of "the 
economic aspects of engineering" and 
"engineering views on non-engineering 
subjects." 

b. Index of engineering literature as now 
published in EleotHcal Endineerind* 
To what extent is It used? Should it 
be extended or condensed? 

c. Questions and answers in general. 

Copies of the annual report on Section 
andBranch activities for the fiscal year end¬ 
ing April30,1931 were distributed. These 
maybe secured without charge to Institute 
members by applying to headquarters. 

During the discussion on Section activi¬ 
ties it was agreed that the Sections com¬ 
mittee wiU consider the problems of such 
Institute members as are interested in a 
particular Section but located either in 
the territory of another Section, or out- 
sid the territory of any Section. 


A resolution was adopted recommend¬ 
ing to the board of directors that, 

1. A national standing committee on trans¬ 
fers be created consistiiig of five members. 

2. A local committee on transfers of three 
members be created in each Section. 

The conference voted hearty approval 
of the recommendations of the committee 
on student Branches as reported by Chair¬ 
man Timbie, for supplying information 
regarding eleetrioal engineering as a 
career to high school teachers and 
students. 

A motion was adopted recommending 
to the board of directors that the allow- 
anoe of traveling expenses for visits of 
the vice-presidents to Sections and 
Branches in their Districts be increased is 
feasible, in order that a vice-president 
may be able to make many visits without 
incurring a considerable personal expense. 

Decisions of the counselor delegates 
upon subjects not considered by the 
conference as a whole are summarized 
below: 


The time of year at which District 
conferences on student activities should 

b held should be selected by each District 

according to its needs. 

While some outside si>eakers are de¬ 
sirable, generalizing, the Branches should 
have very few. 

The counselor of each Branch slioiild 
instruct new officers regiurding their duties 
and should insist that the Branch secre¬ 
tary report all meetings to hoadquartora. 

The appropriation of $200 per year wa.s 
recommended to defray the expenses of 
postage, stenographic service, otc., re- 
q^uired by the chairmen of tlio District 
committees on student activities. 

An abstract of the proceedings of the 
entire conference will be printed in 
pamphlet form and mailed to all delegates 
present; also to Institute, Section, and 
Branch officers. Any member of the 
Institute may secure a copy without 
charge by applying to headquarters. 


"Slide Rule" for 
Lamp Calculations 

As part of its development and educa¬ 
tional campaign direoted toward im¬ 
proved illumination efficiency, the Nela 
Park engineering department of the 
General Electric Company, Olovoland, 
Ohio, has issued recently a simple com¬ 
bination coliuloid-and-cardhoard slide 
rule. This device is designed to reveal the 
voltage-operating characteristics of elec¬ 
tric lamps and to simplify tho aualyRiH 
of the economics of incandescent lighting. 
For any voltage condition tlio calculator 
makes easy tho determination of tho 
quantity of light that will be produced, 
the quantity of energy consumed, and tlio 
lamp life, thus showing at just wW point 
the moat light may be obtained for the 
least total cost. 

With the improved quality of lamps 
now available, and the low prices pro- 
vailing, Nela Park states tliat generally 
the cost of current represents approxi¬ 
mately 90 per cent of the cost of light 
under average conditions. Thus a varia¬ 
tion of 1 per cent in lamp efficiency is as 
important as a range of 10 per cent in 
lamp price. The slide rule reveals quickly 
that operation of an inoandescent lamp at 
slightly under voltage appreciably in¬ 
creases the lamp life, but also reduces 
ligrliLting efficiency to a point which, brings 
the total cost of Ulummation to a figure 
several per cent higher than would pre¬ 
vail if the lamps were operated at r ted 
voltage. The lamp-characteristic cal¬ 
culator is available through the sales 
offices of the Edison Lamp Works and the 
National Laaq|) Works of the General 
Flectrio Company. 
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Summarized Review of 

Some Summer Convention Discussions 


discussion submitted in vnit- 
ing in accordance with governing A.I.E.E. 
rules is summarized; complete discussion 
together with idl of the papers will be 
published in the Tbansactions. The 
titles of the papers and the names of 
their respective authors were published 
in ELnoTBicAL ENOiNBERiNQt May 1931, 
pp. 370-1. 

Communication Sdbvicbs fob Electbio 
Utilitiids 

H. S. Phelps, in his discussion of this 
subject, stressed the importance of high 
quality of voice transmission on the 
part of the system devoted to the use of 
system load dispatchers. He explained 
also that considerable **transmission 
should be provided to assure 
good communication in the event of sys¬ 
tem expansion or the emergency of re¬ 
routing communication circuits. 

F. B. Ihnes discussed the use of a 
remote metering system, quiddy respon¬ 
sive to changing load conditions, to 
communicate to one point and to one 
a complete “picture” of the system 
load. Such a system would fadlitate 
load division between stations and result 
in a more stable system operation. 

EiiBotbicaii Maohinbbt 

L. P. Shildueck discussed “Reestablish¬ 
ing Excitation of a Loaded Alternator in 
Parallel with Others,” pointing out tl^t 
to prevent damage to the rotor excitation 
should be reapplied as soon as possible. 
He analyzed the conditions resulting 
when a turbine generator upon loss of 
excitation runs as an induction generator 
above synchronous speed at some slip 
determined by the governor settii^. At 
a condition of 2 per cent slip, rotor losses 
woxdd be 1,500 per cent of normal and 
high body currents concentrated at the 
ends of the machine might bum the rotor 
wedges and cause considerable damage. 
For these reasons excitation and opera¬ 
tion at synchronous speed should be 
reestablished very quickly; otherwise the 
machine should immediately be dis- 
onunected from the line. 

L. L. Perry discussed this same paper 
with particular reference to the appli¬ 
cation of the facts presented to the 
triple-compound unit comprised of one 
high-pressure generating unit and two low- 
pressure units. In the event of accidental 
opening of the hig^-pressure generator 
held the prompt reestablishment of excita¬ 
tion (instead of. opening the drcuit 
breaker ^d admittin| high-pressure 
steam to the 4ow-pressure turbines) 


would result in considerably less momen¬ 
tary loss to the system and in quicker 
restoration of the load previoudy carried. 

M. L. Henderson discussed “Calcula¬ 
tion of Synchronous-Machine Constants,” 
and analyzed the formula for end-winding 
leaki^^e which he found yielded msults 
comparable with those obtained by 
different methods. In conclusion he 
expressed hope that the nomenclature 
for machine dimensions, number of 
phases, number of slots, etc., used by 
different designers would arrive at a 
steady state. This would save a great 
deal of the user*s time when comparing 
with the results of another writer. 

H. Poritsky discussed “Field Transients 
in Magnetic Systems,” and suggested an 
equally illustrative yet simpler example 
the one given in the paper.. In 
place of an iron core he suggests a yoke 
of width w considerably larger than ^e 
thickness <♦ A case is obtained which 
results in a one-dimensional problem in 
the heat equation, and from which the 
Bessel functions would be eliminated in 
favor of hyperbolic or circular functions. 

Aittomatic Stations 

M. E. Reagan discussed “An A-C. 
Supervisory Control System*’ and its 
proposal to use altematBOg current from 
the supply lines for supervisory control. 
This fact resulted in eaoh case in the 
ultimate abandonment of similar systems 
proposed during recent years. He be¬ 
lieved, however, that the system has 
severs! novel features which will tend 
to increase the reliability factor and that 
only time wiil give a true comparison to 
the storage battery systems. 

F. H. Hollister read a discussion by 
T. G. Robinson on “Automatic Com¬ 
bustion Control,” which verified the 
practise and results given in the paper. 
It also was explained that of late there 


indicated an approximate 4 per cent over¬ 
all increase in efficiency which corrobo¬ 
rates the statement in the conclusion of 
this paper. 

I. M. Stein also discussed this subject 
and made a plea that installations be kept 
as simple as possible rather than follow¬ 
ing the tendency to make them compli¬ 
cated just because automatic controls can 
handle complicated installations. He 
urged that station auxiliaries should be 
designed or selected with the require¬ 


ments of automatic combustion control 
fully in mind. 

M. C. Reagan discussed “Operatmg 
Experieuce with Automatic Control” 
with reference to the argument in the 
paper that in general, maintenance charts 
are not good for getting a complete, 
accurate record of operation. He be¬ 
lieves that this may depend largely upon 
the type of form used. Some operators 
have found this to be the one method of 
obtaining good maintenance records. 

One of the points discussed by O. E. 
Stewart in connection with this paper was 
the use of the mono-wire or direct-wire 
system. He believes that this system 
for short distances over privately owned 
wires is undoubtedly the most economical 
in first cost. Whether the saorifioe in 
flexibility to meet future rearrangement 
of the supervisory equipment due to 
changed operating conditions, future 
growth, etc., offsets this advantage is 
questionable and must be determined by 
local conditions. Maintenance of auto¬ 
matic equipment also was ably discussed 
by Mr. Stewart who pointed out that 
today more time is spent on preventative 
maintenance. Mr. Stewart also dis¬ 
cussed miniature switchboards stating 
that considerable advance has been made 
in the design of suitable control keys and 
meters so that now the miniature switch¬ 
board is considered a standard type of 
board for installations in power and 
switching stations. They effect im¬ 
proved operating conditions and econo¬ 
mies. 

M. 0. Reagan discossed miniature 
switchboards pointing out that the state- 
mmit regardii^ increased intervals be¬ 
tween maintenance periods corresponds 
to the experience of a great many operat¬ 
ing companies. He cited that where 
equipment is kept in near-dust-proof 
cases, less maintenance yields better 
results. 

Symposium on Jntbeoonnbotions 

H. EL Sds discussed the papers pre¬ 
sented in this symposium and in particu¬ 
lar he would like to see the definitions in 
the paper entitled ^'Interconnection Ser- 
yiees—^Their Classiflcation and Evalua* 


diversity” where another calls it “pwk 
diversity;” '^economy flow” also is 
called “dump power.” Furthermore, in 
contractual relations, accepted definitions 
would provide useful terms in writing 
contracts which would have a b tter legal 
status. 

H. G. Harvey discussed the same paper 
saying that with a few very obvious modir 
ficaHons the main service divisions out¬ 
lined in the paper could be applied to 
reactive kva. as well as to tru’ power 
flow or kilowatts. In further discussion 
Mr. Harvey oiJled attention to a momen- 
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been a desire to eliminate multi-8x>eed 
induction motors used to drive draft 
fans. Tbis has led to the application of 
variable-speed Rossman drives for draft 
fans. Recent tests and analysis of one 
boiler installation in the Chicago area 


tion,” accepted as standard. He pointed 
out that one engineer refers to “load 
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tiry etnergenoy service caused by a 
surge originatiDg on one system affecting 
the other. In some oases this condition 
has been a source of difficulty, and so far 
as is known no means have been devised 
to adjust for it equitably. 

M* M. Samuels in discussing the aa Two 
paper from the executive standpoint 
emphasized the importance of engineers 
submitting to executives economic an¬ 
swers rather than engineering answers. 
He cited and explained five items in sys¬ 
tematic form which he thought should be 
presented to them for each year of 
each plan after the evaluation studies 
suggested by the author had been 
completed. 

L. L. Perry in his discussion of Mlnter- 
oonnections’* cited some of the advantages 
which accrue from the operation of widely 
interoonneoted systems, such as lower 
fixed charges, better operating economy, 
more uniform toquency, lessened voltage 
fluctuations, and better service reliability. 
He also expected that rapid developments 
with simultaneous automatic frequency- 
control equipment would be made, and 
he discussed the use of transformer phase- 
control equipment 

S. S, Seyfert oidled attention to the 
economic imd social aspect of intercon¬ 
nections. He mted that the numerous 
interconnections already effected or in 
the making have created a new situation 
calling for a fuller degree of integration 
than now exists. If the public could be 
educated as to the advantages and attrac¬ 
tive possibilities of interconnection and 
integration, and if the facts of which 
wgineers are aware could be expressed 
in their own terms without technioal 
language, the public would be influenced 
to stand behind and support integrated 
power ss^tems, financially and otherwise, 
as they have done for other worthy proj¬ 
ects in the past. 

Intbbconwbotion—Nbw England 
Distbict 

A. H, Sweetnam described several of 
the mteroonnections made with t he Bos¬ 
ton system. All important transformer 
banks involved in these interconnections 
now are equipped for tap changing under 
load and are supplemented by synchro¬ 
nous condensers. Phase-angle control 
equipment also is being contemplated. 
Partici^ emphasis was placed on one of 
the points mentioned in the paper: the 
importanoe (to the successful operation 
of any interconnection) of a mutual spirit 
of cooperation and good will regardless of 
foannal contracts. 

H, Hurth toW of the operating prob¬ 
lems of the Boston system in relation to its 
interoonneotion, and of some of the 
mutual advantages which accrue from 
such opera>tion. Ihteroonnections of 
•inple capacity have permitted operation 
for maximum oveiSall economy of the 
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several systems without loss of their 
oorporate identities. In conclusion he 
stated that the spirit of cooperation be¬ 
tween the several system operators is 
paramount in New England. 

Elbctbioal Units 

H. B. Brooks discussed ‘‘Electrical 
Units and Their Application.*' He was 
in agreement with the author that elec¬ 
trical units should not be arbitrary if agree¬ 
ment with the fundamental units is to be 
maintaindd. He also told of a develop¬ 
ment by Doctor Silsbee to meet the 
demand in the a-c. field for a new type of 
instrument. It operates directly on the 
electrodynamio principle and can be 
wound as wattmeters, ammeters, or 
voltmeters, with a reading error equiva¬ 
lent to that of a pointer instrument 
having about 1,260 scale divisions. 

In relation to the part of the papw 
pertaining to length measurement, H. W. 
Bearce calls attention to an important 
step taken in 1927 by the international 
committee on weights and measures by 
which a supplementary definition of the 
meter was set up in terms of light waves. 

L. T. Bobmson in his discussion of the 
subject expressed gratitude for the degree 
of precision attained by the Bureau of 
Standards in the absolute determination 
of the ohm* He hoped that some equally 
satisfactory arrangement might be made 
with regard to the volt. 

H. L. Curtis in a. discussion for Doctor 
Brooks summarized information which 
will probably be, available to the inter¬ 
national committee at its next meeting 
in 1933. 

Standard Cblls 

L. T. Robinson commented on the fact 
brought out in Eppley’s paper that the 
permanence of standard cells is much 
more satisfactory than their reproduc¬ 
ibility in absolute values- If the absolute 
value of the ohm and the volt is adopted 
and if such progress is made with the volt 
as h^ been made with the ohm, the only 
requirement for working reference stand¬ 
ards will be their permanence and 
transportability. 

W. B. Kouwenhoven explained a 
simple, inexpensive, and fairly satis¬ 
factory method to reduce variations 
caused in standard cells by unequal 
temperature changes. They can be pro¬ 
tected with heat-insulating material such 
as a two-inch layer of cork which gives 
good results. 

H. B. Brooks discussed the use of 
st anda rd cells and means of comparing 
th^. He e3q>re8sed favor for the oppo¬ 
sition method, by which one actually 
measures only the small difference 
tween the e. m. f. of the cell under test 
and that of the reference cell. He ex- 


plmned that he had under design 
special potentiometer for standard-cell 
comparisons which is based on the Oppo¬ 
sition method but has novel features 
which avoid two small inconveniences 
of the method, mentioned by Doctor 
Eppley. 

Dbsign op Potbntiombtebs 

G. Thompson discussed the use of low- 
resistance and high-resistance potenti¬ 
ometers. He pointed out that it would bo 
a mistake to draw the conclusion from the 
paper “Design of Potentiometers,” by 
I. Melville, that the hig^-resistanoe 
potentiometer no longer has its plaoe in 
voltage measmements; or even that it is 
inherently less accurate and reliable than 
the low-resistance tyjyes. Long experience 
has shown that gradual changes to take 
place in the resistance of the slide-wire, 
due to wear from the sliding contact near 
the ends of the wire. On the other hand, 
hi^-resistanoe potentiometers have re¬ 
tained their initial acouracy without 
repair. 

H. S. Brooks disoussed several points 
brought out in the same paper. He 
stated that absolute stability in the coils 
of a potentiometer is unnecessary; the 
requirement being that the various ooils 
of any given potentiometer should main- 
their relative values to a suitably 
high degree. Lx oonneotion with taking 
account of parasitic e. m. f, by nairig ^ 
false zero setting of the galvanometer, 
as suggested by the author, he points out 
that tiieore are eases, such as in the com¬ 
parison of standard cells, where tliig 
method is not reliable. 

Doctor Eppley disoussed this paper and 
he believed the author had overestimated 
the difficulty of makuig 1,000-ohin coils 
constant to 0.01 per cent, and that he 
had underestimated the difficulty of 
making lower-valued ooils of the same 
consistency. He said that he had known 
sealed 1-ohm ooils, so enclosed as to be 
protected against * humidity changes, 
action of oil, etc., to vary by more than 
0.02 per cent; while on the other hand, 
he had checked many instruments having 
1,000-olim coils of the ordin^ non-en- 
olosed type which remained constant to 
0.01 percent. 

N. E. Bonn in his discussion of 
subject explained why he takes exception 
also to the author's discussion of the 
superiority of the low-resistance potmi- 
tiometer over instruments having a 
internal resistance. He also briefly dis¬ 
oussed the modification of the White 
potentiometer shown in Pig. 6 of the 
paper. In calctdating the marimnnn 
errors that may arise from the manipula* 
tion of dials and switches, he did not 
believe the author's assumption that 
compensation would aj[ways remain accniw 
ate to 0.01 per cent. 


Elesctricai? 



Cables 

G. B. Shanklin discussed ''Economics 
of High-Voltage Cable” calling attention 
to the fact that since the paper was 
written, there has been a still further 
reduction in the cost of 66-kv. oil-hUed 
lines. This has been accomplished by a 
reduction of insulaidon thickness from 
0.40 and 0.42 in. to 0.35 and 0.375 in., 
representing approximately a 25 per cent 
reduction in the cost of oil reservoirs, and 
an increase of from 70 to 75 deg. cent, in 
guaranteed maxiinum copper tempera¬ 
ture. . 

W. B. Kouwenhoven discussed this 
paper with reference to the improvement 
in power factor with time shown in Fig. 
31, and the fall in the ionization factor 
shown in Fig. 32. He explained that in 
his work improvement in power factor 
has been noticed following impregnation, 
which improvement continued over a 
considerable time before reaching a 
constant result. This was accounted for 
by a lowering of the initial conductivity 
of the impregnated material, possibly 
due to absorption of ions by the paper 
or to some other reason not understood. 

W. A. Del Mar discussed this subject 
and called attention to several points 
made in the paper. With regard to the 
lower cost of 66-kv. single-conductor 
oil-filled cables as compared to the cables 
of the ordinary t 3 rpe, he pointed out that 
this conclusion applied only to the flat 
topography of Chicago. Concerning the 
simplification of oil-filled cable he believed 


that shipping-reel reservoirs for cables 
impregnated with liquid oil at the factory 
constituted an essential feature. 

J. B. Whitehead in his discussion of 
this subject asked Mr. Boper whether 
credit for increased stability and life of 
the oil-filled type might not swing the 
comparison of the 66-kv. single-conductor 
cable more definitely to the oil-filled type 
and perhaps extend the economic oil- 
filled range even lower in the scide of 
load and voltage values. 

Charactbbistios of Oii>Fillbd Cable 

D. D. Higgins read a discussion of this 
subject prepared by K, W. Miller and 
F. 0. Wollaston, which gave reasons why 
they preferred to solve the oil-flow and 
temperature-transient problem by weljl- 
known methods of elementary differen¬ 
tial equations instead of the Heaviside 
operator used by the authors. 

W. A. Del Mar discussed the papers on 
oil-filled cables and stressed the im¬ 
portance of the high dielectric strength 
over long periods of time rather than the 
“breathing” property, eicplaining how 
this was attained. In conclusion he 
indicated the two different methods used 
by the authors to obtain an open passage¬ 
way between the reservoir and the hollow 
core without weakening the joint, and 
stated that the industry will watch with 
interest the performance of these two 
ways of solving the problem. 

Q. B. Sbanklin discussed the condenser 
principle of joint and terminal designs 


brought out in the paper by Atkinson and 
Simmons. He believes there are un¬ 
doubtedly possibilities in the use of this 
principle. However, to meet existing 
competition the designs must prove 
equally good, or better, electrically and 
meobanically and be of equal or lower 
cost. Compactness is an important 
factor to be considered. In his opinion, 
the condenser principle was more appli¬ 
cable to stop-joints than to normal joints 
and terminals. 

iMPBBaNATBB-PAFBH INSULATION 

G. B. Shanklin (flsoossed the paper on 
this subject saying that he does not 
believe the results obtained could be 
reliably used as a practical guide for 
factory production methods. He is of 
the opinion that high vacuum during the 
drying operations is not the entire answer, 
as far as the removal of initial factory 
impurities is concerned. 

A part of W. A. Del Mar's discussion 
in connection with this paper described 
an investigation made recently by J. H. 
Palmer showing by means of Licbtenberg 
figures the effect of corona on test voltage. 
The results as a whole did not show a 
definite increase in figure diameter with 
corona. Deviation from a mean was a 
maximum at the 60- and 80-kv. points, 
amounting to 0.04 “and 0.03” respec¬ 
tively, or 3 kv. If the very considerable 
amount of corona used in these tests had 
no appreciable effect on the voltage, the 
shortened cable lives noted by the authors 


Spectacular Floodlighting at Wanaque Dam 



T 

■ HIS installation consists of 1,^ ft. of floodlighted 
dani*with a slope of 210 ft. below which five electric fountains 
play, three of them 35 ft. high and 25 ft. wide studded in 
red, amber, blue, and green lenses and floodlighted by* 36 
underwater l,000^watt projectors grouped twelve to a fountain 
and two smaller pool fountains 15 ft. high and 10 ft. in 
diameter, the red, blue, green, and amber lenses floodlighted 
by ten 500-watt underwater lamps. This is the recently 
completed Wanaque Dam of the North Jersey District Water 
Supply Commission, fronting eleven acres of attractively 
landscai^d grounds, Ihe roadway lighted with twelve 1,000- 
watt piojeotR>rs eff^tively moimted on roof comers of the 
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various buildings, the dam itself lighted with fifty 1,000-watt 
lamps mounted on pump house and service buildings to create 
an impressive appearance of the eleven massive arches sil¬ 
houetted against the dark green of the brass beneath them and 
crowned with the white expanse of the main structure. W. T. 
Blackwell (A*22) general lighting representative of the Public 
Servioe Bleotrio & Gas Company, Newark, N. J. was con¬ 
sulting iUumioating engineer in charge for the Commisriom 
(Contributed by G. S. Merrill (M'12) W. T. Blackwell (A'22) 
Public Service Electric & Gas Company, Newark, N. J., 
through the A. L E. E. committee on the production and 
application of light.) 





must be due to some kind of resonance 
effect. 

W. A. Del Mar also read J. H. Palm¬ 
er *s discussion which, described the 
design details of a cable terminal with a 
reinforced end having a logarithmic 
flare designed to withstand the higher 
test voltages. 

S. M. Clark's discussion also was read 
by W. A. Del Mar; several suggestions 
were offered for consideration. A single 
stock sample of impregnating liquid of 
medium viscosity was used for several 
years, and no deterioration of liquid either 
in its chemical or physical or electrical 
properties has been noted. The liquid, 
however, was protected from light with 
no special precautions aside from the 
nguftl oil drum seal. It was suggested 
that the authors give further desoription 
of the physical and electrical character¬ 
istics of the compound which they have 
used. 

H. S. Burd in discussion of this same 
paper pointed out that impregnation and 
vacuum pressures used would have to be 
quite different for cable manufaeturing 
methods where large masses are con¬ 
cerned than where miniature apparatus 
and small samples are handled. He 
further indicated methods of improve¬ 
ment for the manufacture of solid t 3 rpe 8 
of cable paralleling the improvements in 
the oil-flUed cable. 

R. W. Atkinson discussed ‘^Inesulation 
Variability" pointing out that the paper 
has made the laws of probability con¬ 
veniently available for use in the study 
cable insulation. However, in further 
discussion, limitations of the author's 
method of attack on practical cases were 
cited and errors in some of the assump¬ 
tions indicated. 

Rbsearch and Sblbctbd Subjbcts 

D. C. Prince discussed "Extinction of 
Short A-C. Arcs" stating that no mention 
was made of some prominent are charao- 
teristics, such as the rectifying effect of 
arcs in general and of metid-vapor arcs 
in partienlar. He described phenomena 
which should tend to explain the marked 
difference in behavior of low- and high- 
melting materials noted by the author. 
He believed the cathode-spot phenomena 
a predominant role in explaining the 
behavior of short a-o. arcs. 

W. B. Kouwenhoven discussed "A 
Corona Tube Voltage Regulator” show¬ 
ing that the authors have described a 
voltage regulator which apparently is 
quite simpl and without moving parts. 
He asked if it were possible to employ 
the system for the control of frequency» 
and requested the authors to give a com¬ 
plete oircuit diagram^ assuming the 
source of supply to be a X16-volt aro. 
generator driven by a d-o. 230-volt motor. 

R. H. Padc discussed "Experimental 
Studies of Arcing Faults” ooxmnenting 


upon the method of measuring voltage. 
He claimed that with a potentiometer 
resistance of 500,000 ohms, the instru¬ 
ment itself might have an appreciable 
effect on the oscillations which develop 
during the arcing period. Thus the po¬ 
tentiometer may have prevented the 
ocourrence of some of the phenomena 
which were under investigation. 

J. K. Pe<^ in his discussion of this same 
subjeot analyzed the results of some tests 
on a 140-kv. system. Out of eighteen 
oscillograph operations the highest over¬ 
voltages recorded varied from 1.2 to 2.6 
times normal peak voltage-to-ground. 
In no ease did cumulative osoilJatioiis 
appear in the voltages during the fault. 
Oscillation durations ranged from 4 to 112 
cycles. A typical oscillogram of one of 
these faults was shown and it is bdieved 
that these records are a valuable supple¬ 
ment to the paper. 

COOPBBATIVB BdITCATION 

W. E. Freeman discussed this subject 
giving several reasons why it would be 


undesirable to apply such a» system of 
education to state universities. As in¬ 
fluencing difficulties he cited (1) largo 
enrolments where engineering students 
are given fundamental instruction in 
other colleges of the university and (2) 
the usual small-community location of 
these universities, remote from industry. 

S. S. Seyfert discussed th® subj^t 
inquiring if the courses of th© cooperative 
scheme could not be so planned that the 
two systems could be economically 
operated in parallel in a department of 
moderate size. He also asked about the 
difficulties encountered when a student de¬ 
sired to transfer from one*plan to the other. 

D. C. Jackson discussed the subject 
comprehensively and analyzed the value 
of the paper. So far as comparative 
results of the two plans are concenuMi, ho 
pointed out that because of the many 
incomparables in the situation it is difficult 
to draw conclusions. He believes 25 years 
a suitable period to sot up for obsorvatMJn 
in such educational matters before draw¬ 
ing full, ultimate conclusions. 


A. I. E. E. Directors Hold 
June Meeting at Asheville 


The regular meeting of the Board of 
Directors of the American Institute of 
Electrical Engineers was held at the 
Grove Park Inn, Asheville, N. C., Wed¬ 
nesday, June 24,1931, during the annual 
summer eonvenrion of the Institute. 

There were present: W. S. 

Lee, Charlotte, N. C. Past-^prewknta — 
R. F. Schuchardt, Chicago, HI. Vice- 
prmderOs—'R* V. Carpenter, Pullman, 
Wash.; H. P. Charlesworth, New York, 
N, Y.; H. S. Evans, Boulder, Colo.; 
T. N. Lacy, Detroit, Mioh.; I. E. Moul- 
trop, Boston, Mass.; W. S. Rodman, 
Charlottesville, Va.; G. C. Shaad, Law¬ 
rence, Elans.; 0. E. Sisson, Toronto, Ont. 
Directors —A. E. Bettis, EAusas City, 
Mo.; F. C. Hanker, Bast Pittsburgh, Pa.; 
J. Allen Johnson, Buffalo, N. Y.; A. E. 
Blnowlton, New York, N. Y.; A. M. 
MaoCutcheon, Cleveland, Ohio; E. B. 
Meyer, Newark, N. J.; F. W. Peek, Jr., 
Pittsfleld, Mass.; C. E. Stephens, New 
York, N. Y. NoAionat treasurer—Vf. I. 
Slichter, New York, N. Y. National 
eecretary—V* L. Hutchinson, New York, 

N. Y. Also, present by invitation, were; 
L. T, Robinson, Schenectady, N. Y. 
Assistonf national secretary —^H. H. Hen¬ 
line, New York, N. Y. Officers-eUct — 

O. E. Skinner, East Pittsburgh, Pa.; 
L. B, Chubbuok, Hatton, Ont.; W. B. 
Freeman, Lexington, Ky.; B. D. Hull, 
Dallas, Tex.; W. B. Kouwenhoven, 
Baltimore, Md. Fast-preaidente-T-DngsXd 


C. Jackson, Cambridge, Mosh.; P. M. 
Lincoln, Ithaca, N. Y.; Charbw F. Scott, 
New Haven, Conn. 

The minutes of the directors' mooting 
of May 19, 1931, were approved as 
previously circiilated. 

A report was presented and approved 
of a meeting of the board of examinors 
held June 5, 1931, and upon the rocom* 
mendation of that board the following 
actions were taken upon ponding appli¬ 
cations: 67 Students were enrolled, 117 
Associates and 25 Members were elected, 
35 applicants were transferred to the 
grade of Member, and flve to the grade of 
Fellow. 

Approval by the finance commJtteo for 
pa 3 rment of monthly bills amounting to 
127,132.62 was ratified. 

A progress report was presented 
embodying several recommendations of 
the special committee on Institute policies 
which had been appointed in accordance 
with action taken at the May mooting of 
the board of directors. (A statement 
regarding the functions of thia oommittee 
was published in the July issue of 
Elbotbioal Enginbbbinq.) 

Upon the recommendation, of the 
special committee on Institute polioies 
and with the concurrence of Chairman 
Kidder of the committee on the engineer¬ 
ing profession, a resolution was adopted 
"that in vieK7 of the large number of 
important matters t^t would ordinarily 
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come before the committee on the engi¬ 
neering profession, the work shoidd be 
divided, and the name of that committee 
should be changed to 'committee on legis¬ 
lation affecting the engineering pro¬ 
fession;’ also that a new standing ‘com¬ 
mittee on the economic status of the 
engineer’ should be appointed.” 

Consideration was given to the draft 
of a constitution prepared by the electrical 
advisory committee of the American 
Standards Association, for an “electrical 
standards committee,” which was pro¬ 
posed by the A. I. E. E. in February 
1930 to functioii as a joint agency in the 
lectrical industry and as an integral part 
of the American Standards Association, 
for the purpose of carrying out the 
standardization activities of that indus¬ 
try. The board voted its approval of the 
proposed constitution. 

The president was authorized to 
appoint a successor to the late Edward 
D. Adams as one of the Institute’s 
representatives upon the engineering 
societies library board. 

Recommendations to the board of 
directors adopted at the conference of 
officers and delegates held at Asheville, 
June 22-23, were presented and referred 
to appropriate committees for considera* 
tion. 

Upon petition, and with the approval 
of the chairmen of the Sections and the 
finance committees, the board authorized 
the organization of a Montana Section 
of the Institute. 

Consideration was given to a draft of 
a small pamphlet containing information 
on electrical engineering for high school 
students, to assist them in deciding 
whether or not to prepare to enter this 
profession, the board at a previous meet¬ 
ing having made an appropriation to 
cover the cost of printing. It was voted 
to approve the draft of this pamphlet 
for printing. 

Resolutions were adopted expressing 
the board’s appreciation of the services 
of the members of the Asheville conven¬ 
tion committees; also extending to the 
newspapers of North Carolina apprecia¬ 
tion of the effective publicity given by 
the press to the ALsheville convention. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of Electrical Ekginesbinq. 


**Am rican Bells" of 

Louvain in Summer Concert 

The Louvain carillon, of French, 
Bnglish, and American fabrication, and 
rising 140 ft. above sea Ibvel, will cele¬ 
brate a contmuati<>n of the international 


ceremony by which it was presented 
July 4,1928, by a series of concerts during 
the summer, at which Kamiel Lefavere, 
Belgian cailloneur of the Riverside 
Church, New Tork will officiate. In a 
letter to Dr. A. D. Plinn, director of 
Engineering Foundation, Prof. Van Essen, 
secretary general of the University of 
Louvain has said, “These bells regulate 
our academic life as well as that of our 
citizens . . . through the University’s 
office, they are governing the time-table 
and occupations of the whole city.” 
Recent appointment of Paul Van Zeeland, 
professor of economics. University of 
Louvain, to the American Engineers 
Memorial Committee has been announced 
by the Hoover Foundation for the devel¬ 
opment of the imiversity. 


1931 Lamme Medaj 
Nominations Close October 1 

In fulfilment of By-Law requirements 
second posting is hereby given to the 
necessity of all nominations for the 
Lamme Medal for 1931 being submitted 
not later than October 1, 1931. (See 
Eleotrioal Enoinebrino, June 1931, 
p. 446.) 

Presentation of the 1930 Lamme Medal 
was duly made to W. J. Foster, consulting 
engineer, General Electric Company with 
suitable ceremonies at the opening 
session of the Institute’s recent summer 
convention, Asheville, N. C. 


Library of Congress 
Available forWide Service 

CJoUections of matter published in the 
various branches of science and available 
for public use in the Library of Congress, 
Washington, D. 0., are far more exten¬ 
sive and comprehensive than seems to be 
generally understood, according to Dr. 
H. W. Tyler, consultant in science at 
that library. Facilities for research by 
both individuals and groups, a ssrstem of 
inter-library loans, and a card index 
service covering some 966,000 titles, are 
among the services available. 

In addition to the strictly library 
service, according to Doctor Tyler there 
now are seven consultants: one each in 
science and philosophy, economics, and 
sociology; and three in literature and 
history. The function of these consul¬ 
tants is described as “interpretation,” 
and assisting in forming outside contacts 
with specialists or varioos authorities in 
specialized fields. Engineers interested 


• 

in the possibilities of using the Library of 
Congress service may obtain information 
relatmg to specific fields by corresponding 
with Doctor T 3 der. 


A. I. E. E. Lamme Medal 
Presented at Asheville 

In keeping with the established cus¬ 
tom the Lamme Medal of the American 
Institute of Electrical Engineers for 1930 
was presented to Dr. William James 
Foster 0^’16) at the summer couvention 
in Asheville, N. C., with appropriate 
ceremony, Monday morning June 22, 
1931. Instead of the custom previously 
followed of makiug the presentation in 
connection with an evenii^ dinner 
meeting, this year it was made one of the 
first orders of business at the opening 
session, an arrangement in keeping with 
the importance and dignity of the occa¬ 
sion, and meeting with the heartiest 
approval of assembled delegates. As 
previously mentioned (Electrical Engi- 
NBBRiNG, March 1931, p. 230 and July 
1931, p. 519) the award was made for 
Doctor Foster’s “contributions to the 
design and development of rotating elec¬ 
trical machinery.” 

Past-President Charles F. Scott (F’25- 
HM’29) three-year chairman of the 
A. I. E. E. Lamme Medal oommittee and 
long-term active leader in Institute 
affairs, presided during the presentation 
ceremonies. Doctor Scott opened the 
meeting with a historical sketch covering 
the life of the founder Benjamin Garver 
Lamme, and his triplicate bequest to the 
A. I. B. E., to the Society for the promo¬ 
tion of Engineering Education and to the 
Ohio State University. 

Doctor Scott introduced P. L. Alger, 
chairman of the A. I. £. £. electrio 
maohiuery committee, who gave a bio¬ 
graphical sketch outlining Doctor Foster’s 
engineering achievements and paying him 
high tribute, saying, “No one has been 
more intimately and continuously asso¬ 
ciated with the development of large 
electrical machinery during its period of 
most rapid progress than has Dr. W. J. 
Foster.” 

Doctor Scott then called upon W. S, 
Lee, president of the Institute, to present 
the medal and certificate to Doctor 
Foster. 

Doctor Foster in his response gave a 
brief outline of the history of rotating 
electric machines saying that while “it is 
possible that the art of designing rotating 
is nearing the climax I see no 
reason for not expecting still larger 
generating units. . . . However, it is 
probable that the outlook for real creative 
work now is in the line of motors rather 
than generators.” 
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Cleveland's New Stadium Floodlighted 



Cleveland’s aew $3,000,000 municipal stadium, said to be one of the country’s 
best lighted sport arenas, is illuminated by 260 floodlighting projectors each equipped 
with a 1,000-watt ineandescent lamp. These units are mounted along the stadium 
roof 110 ft. above the ground and arranged to give a normal average intensity of 20-ft. 
candles over the entire playing field with special provisions for intensities up to 50-ft. 
candles as required by diifferent branches of sport. In the accompanying night view 
of one end of the stadium the tower of the new Union Terminal may be seen. Perma¬ 


nent seats are provided for 78,189 spectators. 

Shall it be 

Price or Quality? 

Because it reflects a serious condition 
that by no means is limited to the radio 
division of the field of electrical apparatus 
and appliances, and because electrical 
engineers well can afford to devote serious 
thought to the problems involved, the 
following editorial from the July 1931 
issue of the McGrraw-Hill publication 
electronics is reprinted herewith in full: 

‘^The Blight of Price” 

“Radio now faces a new internal competition 
—the bitter wrangle of price whittling—■which 
is bound to manifest itself as a blight on every 
part of the industry. 

“Former standards of ctuality are being 
abandoned in some cLuarters, in desperate efforts 
to get prices below competing low standards. 

“Conservative factors of safety in set design 
and set manufacture are being wiped out, and 
the market is being flooded with receivers which 
‘just get by’—^wlth prospects of troublesome 
breakdowns after a few months in the custom¬ 
er’s hands. 

“Tone quality—a requirement all important 
if broadcasting is to continue as a dominant 
musical medium—seems to have been forgotten, 
in the race to shave costs. 

“All along the line, this blight of price Is 
being felt, throughout the trade and industry, 


and in the associated fields of broadcasting 
and parts manufacture. 

“Makers of components entering into radio 
sets find that their specifications and prices are 
being hammered down until price paralysis 
penetrates even the outermost fringes of parts 
making. 

“Dealers and distributors protest that present 
low price units give thorn little on which to 
operate successful businesses. Broadcasters 
see the doom of their great new art, if poor radio 
reproduction is to be the standard,—rather 
than full fidelity of tone. 

“Every group concerned deplores the price 
situation in which radio finds itself today. 

“It is time the radio industry turned about 
and climbed out of this price morass. Every 
group is anxious to get back on good firm 
ground. 

“Strong leadership will find an army ready 
to follow.” 

“Handbook of Oil Burning” Issued.— 

Information of practical value to the 
electrician wliose work requires a knowl¬ 
edge of electrically operated oil burners is 
contained in tbe new “Handbook of 
Oil Burning” (353.00) just published by the 
American Oil Burner Association, 342 
Madison Avenue, New York, N. Y. 
Besides a thorough treatise on the part 
played by electricity in the operation of 
modern oil burning heating or power 
plants, the book discusses the different oil 
burner types and principles of construc¬ 


tion, oil burner controls and motors, and 
the wiring of a house or building for an 
oil burner installation. A wealth of 
general information such as the funda¬ 
mentals of heat and heat transfer, the 
chemistry of combustion and flame, the 
determination of heating capacity require¬ 
ments, comparative fuel costs and lilce 
subjects is also included. Printed in 
pocket size for convenience, the new 
handbook contains 629 pages with 123 
tables and 358 illustrations and charts 
spread over 24 chapters. 


I. E. C Plans for 
1932 Paris Congress 

The year 1931 represents 50 years of 
organized international electrical en¬ 
deavor since that first convention in 
Paris in 1881, when the principal issue 
between nations whose delegates were in 
attendance was a decision on electrical 
units. 

In a desire to make its 1932 congress in 
Paris particularly momentous the Inter¬ 
national Electrotechnical Commission 
has asked its United States national 
committee to appoint a subcommittee 
in charge of American participation in this 
congress. This special committee is now 
in process of organization; notice of 
personnel, detail of operation, etc., will 
be given publicity later. Until more 
complete plans have been perfected, all 
inquiries may be addressed to H. S. 
Osborne,secretary, United States National 
Committee, Room 1018, Engineering 
Societies Building, 33 West Thirty-Ninth 
Street, New York, N. Y. 


Lamme Medal 

Award to C. A. Fieldner 

The Lamme Medal award made this 
year at the Ohio State University was 
practically in duplicate; it being the 
first time the ceremony has taken place 
sinc6 the establishment of this special 
fund. The accumulated amount gave 
rise to a double presentation. 

One of these medals went to C. E. 
Skinner, president of the Institute, 
(Juue, 1931, Electrical Engineering, 
p. 524), and the parallel award was made, 
for like accomplishment-—“for meritori¬ 
ous achievement in engineering or the 
technical arts”—to C. A. Fieldner, chief 
engineer, U. Burqau of Mines, Wash¬ 
ington. D. C. 
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S. A. E. Meeting 

Discusses Novel Plans 

With approximately 700 representative 
automotive engineers in attendance at its 
opening session, the summer meeting of 
the Society of Automotive Engineers 
convened at White Sulphur Springs, 
Va., June 14-19, “to solve problems of 
new designs and increase of production’' 
in automotive industries. Fourteen tech¬ 
nical sessions were occupied with subjects 
such as aircraft, automobiles, the evolu¬ 
tion of the Diespl and other automotive 
engines, Diesel fuels, transportation, the 
investigation of detonation, the elimina¬ 
tion of “vapor-lock," and results obtained 
by Bureau of Standards research. 

Information on the new and uniq^ue 
“tear-drop” automobile body design was 
presented in a paper by W. T. Fishleigh, 
consulting engineer of Detroit, and dis¬ 
cussed in some interesting detail. The 
Honorable D. S. Ingalls, Assistant Sec¬ 
retary of the Navy for Aeronautics flew 
to the convention in an autogiro to be the 
speaker Thursday evening, June 17, when 
Dr. Gr. W. Lewis, of the National Advi¬ 
sory Committee was presiding oMcer. 
A diversive progi*am included a water 
carnival, field day athletics, flying, golf, 
tennis, archery, and a “grand ball." . 

Coffin Award Won by Virginia Electric.— 

The Chas. A. Coffin annual award to 
“the central station company which 
has done most for electrical art during 
the preceding year" was made in 
June in connection with the 1931 con¬ 
vention of the National Electric Light 
Association. This award established by 
the General Electric Company in honor 
of its founder, carries with it a check for 
$ 1,000 to be placed in the winning com¬ 
pany's mutual benefit association. The 
Virginia Electric Light & Power Company 
received the honor for “increased effi¬ 
ciency of public benefit." 


Rear-Mounted Automobile 
Engine is Predicted 

Bear engine mounting for motor ears is 
a subject which is being seriously con¬ 
sidered by the Society of Automotive 
Engineers. Placing the steering wheel 
in the center of an automobile and devot¬ 
ing most of the front half to the power 
plant seems absurd to Herbert Chase, a 
consulting engineer of New York, who 
pleads the case for this innovation: 
‘^Even a fairly long engine can be placed 
transversely at the rear of tiie chassis, and 
various cylinder arrangements are avail¬ 


able that are not feasible for use under a 
normal hood in front, making the pro¬ 
portional length of chassis occupied by 
the engine much smaller than in conven¬ 
tional designs. 

“Grouping all the mechanism at the 
rear gives the body designers a free hand; 
a streamline form becomes possible for the 
complete vehicle, parts such as lamps and 
spare tires being enclosed. Larger seating 
space, a better position for the driver, 
improved riding-qualities and a saving in 
weight are held out as objects to be 
gained by moving the engine from the 
front to the rear. 

“Various forms and arrangements 
of the mechanical units are available, 
most of them calling for the engine, 
transmission and differential in a single, 
compact unit that is readily accessible 
and easily adapted for quick removal. 
Engine cooling and the control connec¬ 
tions present two of the more difficult 
problems.” 


A. S. T. M. Announces 
New Officers and Activities 

Announcement is made of the following 
officers of the American Society for 
Testing Materials for the year 1931: 
F. 0. Clements, technical director, 
research laboratories, General Motors 
Corporation, Detroit, president; S. T. 
Wagner, consulting engineer, Reading 
Company, Philadelphia, Pa. vice-presi¬ 
dent; and A. W. Carpenter, manager, 
testing laboratories, B. F. Goodrich 
Company, Akron, Ohio, K. B. Cook, 
technical manager, ManviUe Jenckes 
Company, Pawtucket, R. I., J. B. 
Johnson, Chief, Material Branch, Ma¬ 
terial Division, U. S. Army Corps, Wright 
Field, Dayton, Ohio, G. C. D. Lenth, 
consulting engineer, Chicago, Ill., and 
0. L. Moore, engineer of tests, Universal 
Atlas Cement Company, Chicago, Ill., 
members of the executive committee. 

The recently organized International 
Association for Testing Materials, (W. H. 
Fulweiler, United Gas Improvement 
Company, Philadelphia, American repre¬ 
sentative) holds its first congress 
September 6-12, 1931. Headquarters 
will be at the Swiss Federal Polytechni- 
cum, Zurich, Switzerland, and the various 
countries represented by individuals and 
by companies will contribute to a tech¬ 
nical program divided into four groups: 
(A) metals; (B) non-metallic organic 
materials; (C) organic materials; and 
(D) questions of general importance. 
Americans, all members of the A. S. T. M. 
and among them W. A. Slater, research 


professor of engineering materials, Lehigh 
University, W. A. Selvig, chemical engi¬ 
neer, U. S. Bureau of Mines, L. T. Work, 
asst. prof, chemical engineering depart¬ 
ment, Columbia University and H. F. 
Moore, professor of engineering materials, 
University of Ilhnois, will contribute 
papers the chief object of the congress 
being to secure international cooperation, 
and an exchange of views and experience 
in all matters incident to the testing of 
materials. Mr. Fulweiler may be ad¬ 
dressed in care of his company or 
A. S. T. M. headquarters, 1315 Spruce 
Street, Philadelphia. 


W. L Saunders Comes 
to End of Active Life 

William Lawrence Saunders, chairman 
of the board of directors of the Ingersoll- 
Rand Company, New York, and for most 
of his 75 years active in engineering and 
many other fields, died at Teneriffe, 
Canary Islands, June 25,1931. 

All his life he was ever watchful of 
opportunities to fiU a breach or meet an 
emergency. As early as the year 1876 
while on a newspaper in Philadelphia 
(perhaps an outgrowth of his having been 
editor-in-chief of the University of 
Pennsylvania Magazine, and class poet) 
he made two balloon ascensions to an 
altitude of several miles remaining up over 
night, an evidence of grit and initiative, 
as were also his courageous experiments 
in the development of his well-known 
equipment for rock drilling nnder water. 
A warm personal friend has said of him, 
“He wanted to be in everything, and he 
got there!" 

He was president of his company at the 
time of its incorporation. During the 
World War, he was member and then 
chairman of the Naval Consulting Board, 
President Wilson giving personal recogni¬ 
tion and appreciation of his work. He 
was past-president of United Engineeriug 
Society and of the American Manufac¬ 
turers Export Association; a fellow of the 
American Geographical Society; member 
of the American Society of Civil Engi¬ 
neers, The American Society of Mechani¬ 
cal Engineers, the American Institute of 
Mining and Metallurgical Engineers, 
New York Chamber of Commerce, 
American Iron and Steel Institute, New 
Jersey Harbor Commission, and the 
National Foreign Trade Council; a di¬ 
rector of two mining companies and presi¬ 
dent of Compressed Air Magazine. He 
was a prominent figure in the pohtieal 
life of the State of New Jersey and twice 
mayor of North Plainfield, Ms place of 
residence. 
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Lightning Generator at Purdue University 



C 

m OR studying; lightning discharges and their effects upon electrical apparatus, this 
1,000,000-volt lightning generator was placed in the engineering experiment station of 
Purdue University in June 1930. The 44 condensers are charged by subdividing them 
into eleven parallel groups of four each and appl 3 ring a d-c. potential of lOO-kv. through 
resistances of 200,000 ohms per bank. Charging potential is obtained from two 150-kv. 
250-milliampere kenotrons, and can be varied by means of a full lOO-per cent buck or 
boost regulator connected to the primary winding of the 5-kva. transformer supplying 
these tubes. The charging apparatus is remote-controlled from a push-button station, 
while discharge is initiated by a three-electrode and trigger-gap arrangement which 
makes possible also the synchronizing of a cathode-iay oscillograph with the discharge. 


Societies' Library 
Reports on Service 

In recent report, Harrison W. Graver, 
director of the Engineering Societies 
Library, statos that during the first five 
months of 1931 there have been added to 
the library either by gift or purchase, 
4,880 books and pamphlets. Of these, 
3,030 have increased the main collection 
which now represents 60,527 titles indexed 
under 37,100 subjects with 434,326 cards 
and 135,574 classifications. The budget 
appropriation for 1931 is $56,653.55. 
Five months* service record is as follows; 


Searches ma/^e . 42 

Artides translated. 80 

Books loaned to distant members.. 90 

Members served by mail. 1,661 

Telephone inquiries satisfied. 2,663 

Number of visitors. 12,265 

Members served in person. 18,726 

Photoprints (to 2,136 persons).21.601 

Total, (books and pamphlets).141,646 


So far, the 1931 use of the library shows 
BMsreaw over the 40,000 engin^rs by 
whom it was used during 1930. 
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Dr. Karl T. Compton, president of the 
Massachusetts Institute of Teohnology 
was the recipient of the Ruraford 
Medal, an award imtde by both the Royal 
Society and the American Association of 
Arts and Sciences “for the most important 
discovery and useful improvement in heat 
and light.’* Doctor Compton received 
it in recognition of his contributions in 
the field of thennionics by the study of 
electron emission from hot filaments, and 
in spectroscopies by the study of matter 
means of light waves. 


Industrial Accident Statistics.—This 
1931 edition of the booMot containing 
a record of injury rates in 28 American 
industries up to the year 1930, includes 
compiled from activities of electric *rail- 
ways, automobile production, construc¬ 
tion, metallurgical operations and some 
other less technical occupations. It has 
just come from the press of the National 
Safety Council, Inc., 20 North Waoker 
Drive, Chicago. 


George Washington Bridge 

(N. y.-N. J.) to be 
Well Lighted 

Under an arrangement similar to that 
now in effect in the Holland Tunnel 
between New York City and Now Jersey, 
the Public Service Electric and das 
Company (New Jersey) and Unitc^d 
Electric Light and Power Company (New 
York) each will furnish half of the eloctaric 
energy for illtiininating the new George 
Washington Bridge across the Hudson 
River. 

The new span will be lighted by 230 
lamps (500-watt each) on 18-ft. standards 
spaced approximately 90 ft. apart on 
opposite sides of the roadways. Ligh1*s 
to be serviced by each company will bo 
in staggered arrangement so that if oho 
of the services is interrupted, lialf of tlio 
lights on the bridge still will remain 
lighted thus providing temporary illu¬ 
mination for the entire iengtli of tho 
roadway. Some 200 lamps (50 watt) sus¬ 
pended from up-stream and down-stream 
cables, will show these general curves so 
that at night aviators may avoid them. 
Because of the width of tho roadway 
at the New Jersey approach, illumina¬ 
tion of tho bridge will bo provided by 
floodlights mounted on tho top of two 
100-ft. ornamental towers. On tho toj) of 
each of the two toAvers on tho bridge there 
will be installed two Department of 
Commerce air beacons. 


Around the World with Light’s Golden 
Jubilee.—^An attractive and oompro- 
prehonsive “summary** by tho Interna¬ 
tional Committee on Light’s Goldon 
Jubilee, containing in alphabetical 
arrangement by name of country, somo 
70 pages of outs and text illustrative of 
each country’s share in this world-wide 
demonstration, has just come from the 
publishers. This souvenir booklet has 
been placed in the Engineering Societies 
Library, New York, that it may be of 
ready access to anyone earing to rohoarso 
the pleasures and interest of this epoch'* 
making event—“an extraordinary tribute 
to a great genius.** 


Dr. C. M. Slack, research engineer of 
the Westinghouso Lamp Compmiy, by 
developing a glass bubble to be used as a 
window in the Leonard ray tube, won the 
$500 cash prize offered yearly by the 
Westinghouse company for “the most 
important changes either in manufac** 
turing methods or design of a product of 
the company.” 
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Graphical Symbols for 
Electric Traction Proposed 

Pamphlet form of a standard proposed 
for ^^graphical s 3 nnbols used for electric 
traction including railway signaling’* 
(A. LE.E. Std. No. 17g6) has just 
become ayailable for suggestion and 
criticism. This report was prepared by a 
imbcommittee of* the Sectional Commit¬ 
tee on Scientidc and Engineering Symbols 
and Abbreviations, working under the 
procedure of the American Standards 
Committee and sponsored by the Institute 
and four other organizations. Copies 
may be had without charge from H. E. 
Parrer, secretary. Standards Committee, 
A.LE.E., 33 West 39th Street, New 
York.N.Y. 

The rei>ort is limited to symbols for 
apparatus generally \ised for all classes 
of electric traction and railway signaling, 
for power houses, substations, transmis¬ 
sion systems and distribution systems; 
electrical equipment of electrically-oper¬ 
ated ears and locomotives; and electrical 
equipment and associated equipment 
used for railway signaling. In genersd, 
these symbols are intended for one-line 
diagrams of multi-phase a-c. systems, 
or on complete wiring diagrams of single¬ 
phase aro. and two-wire d-c. systems. 
Where possible to have these symbols 
correspond with those in other reports 
and in other sections of this report, this 
has been done, but in some cases common 
agreement could not be obtained. It is 
hoi>6d, however, that a period of use will 
bring them into complete harmony. 


E.Hplo«.ri., 
Foun J^ailion 


Foundati n Sponsors 
Publication Program 

Initiated by a communication bearing 
the signatures of the presidents of the 
four Founder societies and the chairman 
of The Engineering Foundation, the 
latter organization has undertaken the 
publibation of a series of articles dealing 
i with various phases of the general sub¬ 
ject '^has man benefited from engineering 
progress.” The first of these articles 
introduced by exceipts frdhi the afore¬ 
mentioned Communication appears on 

August 19?1 


pages 641-4 of this issue of Electrical 
Ekoinesbing. 

The Foundation*s stated aim in this 
noteworthy project is to “disseminate 
sound information among the millions of 
men and women who are vitally con¬ 
cerned” in the hope of “advancing the 
good of mankind by stimulating resomrce- 
ful Americans to think their way through 
the passing months of maladjustment 
into effective action that will restore our 
normal state of steadily ascending happi¬ 
ness and freedom.” To quote further: 

“The Engineering Foundation has re¬ 
quested leaders of thought in many fields 
to state some of their observations of 
facts on the benefits which men of our 
times have obtained through the help of 
science and engineering. Their answers 
will be widely published with the inten¬ 
tion of making them generally useful 
in these days when so many persons have 
had thrust upon their attention the prob¬ 
lems of business, economics, sociid or¬ 
ganization, and personal subsistence, 
which too many persons rarely consider 
seriously. 

“The Engineering Foundation will 
welcome constructive contributions of 
additional information or comment from 
readers of the statements as they appear 
in newspapers and magazines.” 


Ambrose Swasey 
Gives $250,000 More 

Another gift, of $250,000, from Mr. 
‘ Ambrose Swasey (HM* 28) making his 
contributions total three-quarters of a 
million, has just been announced by V. N. 
Dorr, president of United Engineering 
Trustees, and H. H. Porter (M* 12) 
chairman of The Engineering Foundation. 

At a dinner tendered by Chairman 
Porter at the University dub. New 
York, June 30, 1931, at which thirty 
presidents and former presidents of 
national engineering societies including 
the Engineering Trustees and The Engi¬ 
neering Foundation were present, to¬ 
gether with other nationally prominent 
engineers, Mr. Swasey stated that in 1914 
he became impressed with the thought 
that great and far reaching assistance 
naight be rendered by a stimulation of 
research and development work in the 
engineering profession. Consequently 
he was inspired to work for the establish¬ 
ment of The Engineering Foundation, 
and now, “having a high appreciation of 
the very practical and helpful results 
already achieved and believing that the 
broad and well-laid plans of the Founda¬ 
tion promise even greater service in the 
future,*’ Mr. Swasey generously makes 
possible the expansion of these ocrivities 
by placing in the hands of the United 


Engineering Trustees this additional 
fund of $250,000 “for the furtherance of 
research in science and engineering or for 
advancement in any other manner of the 
profession of engineering and the good of 
mankind.” 

Mr. Swasey, now approaching 85, 
survives Mr. Warner in the Cleveland 
firm of Warner & Swasey, long famous for 
large telescopes, precision instruments, and 
machine tools. Doctor Papin (President 
*25-*26) has stated that “had it not been 
for The Engineering Foundation it is 
quite possible that the National Eesearch 
Council would not exist** and that there¬ 
fore “several national problems which 
men in the united engineering societies, 
aided by The Engineering Foundation 
and guided by its ideals, can help to solve*’ 
would have had to remain perplexing 
obstacles to progress. 


PersioiuJ 


Dr. Harris T. Ryan 
Becomes Emeritus Professor 

As of August 31, 1931, Dr. Hiwris J. 
Ryan (F’23 and past-president) retires 
from his long and successful career of 
active teaching at Stanford University, 
but in so doing he still retains the dual 
oommission of emeritus professor of 
electriccJ engineering and honorary di¬ 
rector of the Ryan Research Laboratory. 
This move is in accord with Stanford*s 
established policy of relieving its pro¬ 
fessors of active class responsibilities upon 
the attainment of 65 years of age. 

To those who have known and appre¬ 
ciated the diligence and attainment with 
which Doctor Ryan has labored for the 
profession, it is gratifying to learn that 
his plans for the future include a continu¬ 
ation of active research in the field of 
high voltage where he is looked upon as a 
worthy authority. For more* than a 
decade his work has pioneered its way 
through obstacles in the path of electrical 
progression, and his realizations in con¬ 
nection with electricid application have 
eclipsed even the hopes of many men of 
science and the profession. In training 
bis students for their specific work his 
principle has been always that any re¬ 
searches undertaken should be for maxi¬ 
mum value to the engineer in the field; 
and in the founding (1926) of the Rsran 
High-Voltage Laboratory at Stanford 
University, reward for his untiring efforts, 
in the practical and consistent, applica¬ 
tion of his principle was given concrete 
form. 

His contributions to technical literature 
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are well-known; men of such organiza¬ 
tions as the National Academy of Scienoei 
The American Physical Society, the 
American Association for the advance¬ 
ment of Science and others of similar 
importance representing science, engi¬ 
neering, and industry, have done him 
homage in friendship as well as in pro¬ 
fessional relationship. Doctor Ryan’s 
whole career exemplifies fine achieve¬ 
ment, cooperative spirit, cordial per¬ 
sonality, and unusual ability of execution. 


R. A. Millikan (M’22) whose dis¬ 
coveries in the realm of physics have made 
of him an international figure, has been 
named to return the visit of Professor 
Einstein. Only a short time ago Doctor 
Millikan was introduced to his radio 
audience by President Hoover, who desig¬ 
nated him as “more than a physicist— 
one of America’s leaders in philosophic 
thought.” Recently also he was one of 
six notable physicists to receive first 
awards from a $1,000,000 trust fund 
established by Gustav Oberlaender, manu¬ 
facturer of Reading, Pa., “to enable 
mature American citizens to study in 
Germany” and “increase understanding 
and good will between the people” of the 
two countries. 


Ralph Kbllt (A’12) southwestern 
district manager of Westinghouse Elec¬ 
tric & Manufacturing Company, has just 
announced the appointment of L. S. 
Washington (A’19) as manager of the 
company’s northeastern section, and that 
of E. D. Stewart (A’12) as manager of 
the southwestern section of his district. 
For the past several years Mr. Washing¬ 
ton has been syndicate representative for 
Westinghouse in St. Louis and a member 
of the St. Louis Electrical Board of Trade. 
3N&. Stewart’s new work gives hjm com¬ 
plete charge of company activities in 
the Houston, Dallas, San Antonio, and 
FI Paso offices and respective territories. 


C. L. Pbootob (A’08) since 1926 vice- 
president and general manager of the 
Toledo Edison Company, an office which 
he holds also with the Lake Shore Power 
Company and the Toledo and In diana 
Railroad Company, is now president of 
the east central diyision of the National 
Electric Li^t Association. He already 
hu sefved in its midwest and'Southern 
divisions as a^ member of its executive 
committee. The Oklahoma Utilities 
Association and tihe .Hansas Utilities 
Association also lay claim to him in like 
oapacity. 
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J. A. Dablinq (A’21) assistant chief 
system operator, Edison Electric Illu¬ 
minating Company, Boston, Mass, has 
been made chairman of the Operators’ 
Association of New England. In token 
of his extended service with the company 
he was the honor guest at a compli¬ 
mentary dinner and the recipient of a 
30-year service pin and Teleohron clock 
with Westminster and Canterbury chimes 
from the Company. 


H. E. M. Kbnsit (M’08) after 15 years 
in the Dominion Civil Service retired 
August 1, 1931, to enter private practise. 
Mr. Eensit is a member of the Engineer¬ 
ing Institute, of Canada and of the Asso¬ 
ciation of Professional Engineers of 
Ontario. He joined the Institute in 1908 
as an Associate but immediately advanced 
to the grade of Member. 


C. H* Champlain (A’28) for the past 
eight years manager of the Westinghouse 
works at Sharon now has been made 
works manager at East Pittsburgh; 
while A. B. Ratndbbs (A*07) in addition 
to his present duties as works manager, 
East Springfield, Mass., will assume 
supervision of operations at the Mans¬ 
field, 0. 


Charles M. Bxjrrill (A’25) who has ’ 
been broadcast receiver development 
engineer for the R. 0. A. Victor Co., Ino., 
Camden, N. J., has gone to Ontario, 
Canada, to become research engineer for 
the Rogers-Majestic Corporation, Ltd. 
Mr. Burrill is 1930-31 chairman of the 
L R. E. subcommittee on high-fre<iuenoy 
receivers. 


E« T. Moobb (F’21) president of the 
Power Control Corporation of Syracuse, 
N. Y., is in Mexico where he super¬ 
vise the first installation of his invention 
th^ power demand limitator in a Mexican 
mine at Chihuahua. Later he plans to 
go to Mexico City, aiid thence to San 
Francisco, Los A^les, Seattle, Salt 
Lake City, and points in Arizona. 


W. M. Abbott (M’22) chaiiman of 
the board of directors of the Illinois BeU 
Telephone Company, on. May 1, 1931, 
at the annual meeting of the Chamber 
held at Atlantio City received reeleetion 


as vice-president of the Chamber of 
Commerce of the United States for the 
Northern Central Division. 


Frank Thornton, Jr. (F’21) manager 
of residence engineering, general engi¬ 
neering department, Westinghouse Elec¬ 
tric and Manufacturing Company, East 
Pittsburgh. Pa., has been chosen mana¬ 
ger of the company’s association activities 
to succeed R. W. B. Moore (M’17) 
recently resigned. 


Frank J. Meyer (M’17) assistant to the 
general manager, in charge of operation, 
Oklahoma Gas and Electric Company, 
Oklahoma City, Oklahoma, now has 
become its vice-president in charge of 
operation. Mr. Meyer is chairman of the 
Institute’s Section in Oklahoma City. 


Stanley Stokes (F’29) assistant vice- 
president of the Union Light & Power 
Company, St. Louis, Mo., has been 
appointed consulting engineer for that 
company and its sabsidiaries. This new 
office will permit him to devote his entire 
attention to major engineering matters. 


R. W. Allen (A*23) who has been 
acting in the oapacity of distribution 
engineer for the South County Public 
Service Company, Westerly, R. I., 
recently accepted like position with the 
New England Power Enguxeering and 
Service Corporation, Providence, R. I. 


G. F. Chbllis (M’16) manager of 
Ferranti, Ino., New York, N. Y., has 
severed his oonnectiona with the American 
organization to accept a position with the 
Whitehall Securities Company, London, 
En^and, where he will be associated also 
with the Englidi Fen^ti Company. 


Harry Rbib (A’22 ) president of the 
National Public Service Corporation and 
the National Electric Power Company, 
New York, N. Y., and for more than 26 
years prominently identified with eleetric 
light and power industries, now becomes 
vice-president of the N. E. L. A. 


T. H. Moboan (A'23) has i^signed from 
the office of assistant professor of elec- 
trical engineering:, Stanford Univerrity 
to become head of the department of 
electrical engfiieering at We^^ter Poly¬ 
technic Ifisritute* Wri^stsq*, Mass. 
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H. T. Edoar (M’28) for the past 32 compelled to engage in non-^teohmoal 
years associated with Stone & Webster labor until 1877 when he secured a 
in managerial work throughout the position with the Alleghany Vaflley Bail* 
country as a division manager, after 45 
years of service in the public utility held 


has resigned. 


W. H. Bliss (A*30) graduate assistant 
in electrical engineering^ Michigan State 
College, East Lansing, Mich., and de¬ 
signer. and constructor of the “Telomat,*^ 
is now instructor in electrical engineering 
there. 


Gborob Brock (A*19) draftsman for 
the Edison Electric Appliance Company, 
Pomona, Calif., has received promotion 
to the position of cost reduction engineer 
for his company. 


Ralph A, Watson (A'08) consulting 
engineer of Champaign, Ill., is now on his 
way to Russia as consulting engineer for 
Arthur McEoe & Company, of Cleveland, 
Ohio. 


W. H. Tattbbbt (A’29) has been placed 
in charge of sales in the insulation divi¬ 
sion of the Coming Glass Works, and is 
removing from New York City to the 
company’s home ofdce at Corning, N. Y. 


Olailuaur^ 


Edward G. Aohbson, (M’88 and 
ISdember for Life) chairman of the board 
of the Aoheson Oildag Company which 
lie himself founded, died at the home of 
Ms daughter New York City July 6, 
1G31, of pneumonia. As a scientist and 
inventor he was known intemationally 
Sbnd was the recipient of many medals 
sund honors both here and abroad. 

He was bom at Washington, Pa. in 
1856 and passed his youth in the manner 
of T>he avei^age country boy, with no 
particular inclination toward the classics 
l>xit most pronounced fondness for 
xoathematics. In his first position as 
fume k^x^^ at a blast furnace in Monti- 
cello, Pa*, he was permitted oonsid^Table 
time for mechanical pursuits, and at the 
s^ge of seventeen was grant^ his first 
XJ. S* patent on a rook-boring inaohine. 
Tbe financial depression of 1874 closed 
til blast^umAoo acJ&.Mr. Aoheson was 
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road, which ultimately led to the work 
of tank gager in the Bradford oil fields. 
Irregularities of oonstruction at that time 
greatly complicated capacity calculation, 
so Aoheson promptly set about con¬ 
structing a set of tables whereby the 
content of any tank could readily be 
determined. His efforts however did not 
meet with the approval of a superior 
whose business it was to calculate these 
capacities, and Acheson was dismissed. 
He entered the service of the Pittsburgh 
Southern Railroad as assistant to a 
surveying party; advances in electricity 
stirred his imagination and in a desire to 
become actively engaged ia what was 
then a new industry, in 1880 he sought 
and obtained a position as draftsman 
with Thomas Edison at Menlo Park. 
Fortunately for him he was not confined 
closely to the drafting table but allowed 
to indulge his inventive genius and in 
1881 he produced a graphite loop filament 
for the preparation of which he received 
the prize of $100 offered by Mr. Edison. 
Under date of January 8, 1889 he pre¬ 
sented his first i>aper before the A. I. E. E. 
on the subject of lAghining Arrestera and a 
Pkotograpkie Study of Sdf^Induclion. 
Perhaps one of his greatest contributions 
to commercial science was his discovery 
of a new chemicsd compound produced 
eleotricaUy at the power plaut of the 
Monongahela Electric Light Company 
which he founded in 1890. While work¬ 
ing on the reduction of iron ore, he noticed 
that clay objects placed witW the fur¬ 
nace became impregnated with carbon 
and as a result, much harder. Experi- 
mentiog with similar day-carbou mix¬ 
tures, he produced a new ohemical 
oompoimd, silicon carbide, commercidly 
known as carborundum. As it was hard 
enough to surface a diamond, it found 
ready market with jewelers and the 
Westinghouse company promptly placed 
a $7,000 order for 60,000 grinding wheels. 


WiLUAM F, Smith (M’27) assistant, 
superintendent of power, Pacific Eleo- 
trio Railway Company, Los Angeles, 
Calif., passed away at his home in that 
dty June 14, 1931. He was a native of 
the state of Missouri (1875) and was 
educated in the Santa Chruz high school 
and the correspondence school of Scran¬ 
ton:, Pa. From 1894 to 1897 he was 
occnpied with construction and operatixig 
work for the Santa Cruz Eleotric Railway; 
the next seyeraH years were engaged in 
oonstruction and car house work. He 
was in oharge of the installation of 
multiple-xmit equipment of the North 
Shore Electrio, Sausilito, Calif, and also 
reconstruoted some operations of the 


Power Development Company, Bakei^ 
field, Calif.; in fact most of his work has 
been construction and remodeling, in¬ 
cluding the Central Station of the* Los 
Angeles Railway Company and all high- 
voltage work in all the stations of the 
Pacific Electric Railway. His Member¬ 
ship in the Institute dates from 1905, 
when he joined as an Associate. 


Truman P. Gaylord (M’21) acting 
vice-president of Westinghouse Electrio 
& Mfg. Company, with which he had 
been connected since 1900, died suddenly 
of heart disease at the home of his mother 
in Shelby, Mich., the place of his 
birth February 15, 1871. As a preparar- 
tory school for his later training, he 
attended the Allen Academy of Chicago, 
later to enter the University of Michigan, 
from which he was graduated with a 
degree in electrical engineering. In 1895 
he secured a second degree from Armour 
Institute of Technology at which he held 
an associate professorship in electrical 
engineering 1894-98. The World’s Fair 
at Chicago was starting and Mr. Gaylord 
engaged with the Fair company as engi¬ 
neer of underground construotion, con¬ 
tinuing in that capacity until 1893. 
From 1898 to 1899 he was engineer for 
the Chicago Edison Company, and July 
1899 took his first position with the 
Westinghouse Electric Company. In 
1902 he was appointed its district manar 
ger with offices in Chicago, a position 
which he occupied until he became acting 
vice-president, August 1914. By the 
board of directors of the Pittsburgh 
Chamber of Commerce he was recently 
elected president; also he was director 
flmd member of the executive committee 
of the Pennsylvania State (Chamber of 
Commerce, and member of the United 
States Chamber of Commerce, the 
Duquesne Club of Pittsburgh, and the 
Pittsburgh Athletic Club. He was in 
charge of the radio division of the West¬ 
inghouse Electric & Mfg. Company, 
remained active and was apparently in 
good health np to the day of his death. 
He joined the Institute in 1902 as Asso¬ 
ciate. 


H. G. Spboht (M*23) consulting engi¬ 
neer for Westinghouse Eleo. & Mfg. 
Company, Springfield, Mass,, died May 
17, 1931. He was a native of Farmsen- 
Hamburg, Germany (1876) and as a 
young man served several apprentice¬ 
ships with Gemum manufacturing inter¬ 
ests, among them the Machine Company 
of Grotkast & Elespohl at Wandsbeok 
wd the Electric Mfg. Company of 
klamberg at Hamburg. During the 
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Cleveland 


year 1896-97 he was in military service 
in the Engineering Corps at Berlin after 
whieh he studied mechanical and electri¬ 
cal engineermg for two years at the 
university in Braunsweig, Germany. 
His next work was one of design for 
steamship and dredging machines in the 
city engineering department at Hamburg. 
Continuing his electrical engineermg 
study, in January 1902 he graduated 
from the University in Karlsruhe with 
his E. E. degree. His work with West- 
inghouse dates from 1903, when he came 
to America and joined the East Pitts¬ 
burgh ofdce, where his work was chiefly 
teat and the development of test curves 
in the dynamo test department. By 1905 
he was designing special induction motors 
of all sizes and types. His paper The 
Synchronous-Repvision Motor—A Special 
Devdopment for the Photophone formed an 
integral part of the program at the North 
Eastern District meeting of the A. I. E. E. 
held at Springfield, Mass., May 7-10, 
1930. His membership in the Institute 
was endorsed by such men as President 
C. E. Skinner, B. G. Lamme, C. F. Scott, 
P. M. Lincoln, and B. A. Behrend, (dl out¬ 
standing in the history of the Institute. 


C. M. Rosbwibll (M*21) electrical 
engineer. Western Electric Company 
New York, N. Y., died at the Padnnont 
Private Hospital, Jersey City, N. J. 
Jime 2, 1931. He was 47 years of age 
and a graduate of the State University 
of Kentucky, from which he received his 
degrees in both mechanical and electrical 
engineering respectively 1908 and 1911. 
During the summer of 1908 he was 
operating engineer in charge of the plant 
of the Jackson Electric & Hydraulic Mfg. 
Company, Jackson, Ky.; the following 
year he spent in the test department of 
the Bullock Electric Company, Cincinnati, 
Ohio. From 1909 to 1913 he continued 
his test d partment work with the General 
Electric Company in Schenectady, ad¬ 
vancing each year, from the test depart¬ 
ment to d-c* motor and generator design 
engineermg, to central station engineer¬ 
ing in the lighting department, to central 
station engineering and commercial engi¬ 
neering. In 1918 he was appointed 
engineer of the Appalachian Power Com¬ 
pany in charge of practically all of the 
company’s engineering. Bespeaking 
energy, and ambition, while he was 
regularly busy during the week with 
other duties he engaged for special 
Saturday night service as night operator 
of the. General Electric’s power house 
switchboard; he also substituted for the 
superinl^ndent at the Appalachian Power 
Company when that executive was off 
duty. He joined the Institute in 1919 
os an Assoriate but in 1921 was trans¬ 
ferred to the grade of full Member. 
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A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

BvKca. Lawxs I., Bocky Hill, Conn. 

OABTWBiaBT, Kbknsth O.. Haig Hotel Annex, 
2548 Prospect St., Olevetaad, Ohio. 

OoLB, Will O., Box 222, Westwood, Oalif. 

OoBRTVBAx, F. M., QeaenX Blectric Co., 
Schenectady. N. Y. 

Dbaoon, Li. O., 6 Alisa Ave., Bast Malvern, 
Melbourne, Australia. 

Haoobbtt, John J.. 2849-83rd St., Astoria, 
N. Y. 

MoLban, Jambs S., 100 Old Army Boad, Scars- 
dale, N. Y. 

Nubbb, Pbank j., 8831 Bokeby St., Chicago 
Ill. 

O’Sbba, V., Jb., 115 Broadway, New York, 
N. Y. 

PisTOBivs, L. H., 198 Jeppe St., Johannesburg, 
South Africa. 

Pbudbam, W. M., 100 Biddle St., Wilkinsburg, 

Pa. 

Sullivan, John £., 6320 Kenmorc Ave., 
Chicago, Ill. 

Tung, O. T,, c/o Stone tk Webster Bni^. Corp., 
Hopewell, Va. 


Past 

Section Meetings 


Portland Section 
Meets With O. S. C. Branch 


Annual dinner meeting at which W. S. 
Lee, president A. I. E. E., and consulting 
engiaeer and president, W. 8. Lee Engi¬ 
neering Corporation, Charlotte, N, C., 
spoke on Doing a Common Thing in an 
Uncommon Way. Election of officers: 

G. A. Kositzky, chairman; F. E. Snell, 
secretary. May 21. Attendance 77, 

Columbus 

Rhythmic Ramblings through Our 
National Parks, by Dean Alfred Vivian, 
Ohio State University. Election of 
officers: W. L. Everitt,*^ chairman; Roy 
Mallory, secretary-treasurer. May 28. 
Attendance 15. 

Detroit-Ann Arbor 

Golf tournament followed by dinner, 
Election of officers: Joseph J. Shoemaker, 
chairman; Raymond Foulkrod, vice- 
chairman; Oscar B. Hauser, secretary- 
treasurer. June 20. Attendance 43. 

Kansas City 

Annual banquet. The iNnucnvB 
Relations between Power and Tele¬ 
phone Lines, by A. T. Campbell and 
C. C. Yates, both of the Southwestern 
Bell Telephone Company. Election of 
officers: George Fiske, chairman; R. M. 
Ryan, secretary-treasurer. May 29. 
Attendance 93. 

Madison 

Machines, by Prof. C. M. Jansky, 
University of Wisconsin. Demonstra¬ 
tions at the electrical laboratories followed 
this talk. Election of officers: Norman 

H. Blume, chairman; G. P. Tracy, 
secretary-treasurer. June 3. Atten¬ 
dance 4A 

Toledo 

Institute Afpairs and Activities, 
by E. C- Stone, The Philadelphia Com¬ 
pany, and vice-president. District No. 2, 
A. 1. B. E. Election of officers: J. A. 
Dinwiddle, chainnan; Max Neuber, 
secretary-treasurer. June 12. Atten¬ 
dance 34. 


The annual spring joint meeting of the 
Portland Section and the Oregon State 
College Branch was held at the college 
May 23,1931; attendance 100. 

Following a dinner, four techniced 
papers were presented by students: 

A Bbidob Mbtbol or Tbstino Wblds. by 
J. B. Bfttcheller. 

. Wbld Stbbnoth as Ikdioatbd bt Bblativb 
OoNDucTivTTT, by Glou Barnett. 

Intlubnob or Pbbsbbvativbs on Dibi^bo* 
TRIO Strbngth or Wool, by O. B. Parsons and 
M. H. Tiplon. 

Moibtubb Oontbnt or Wood and Its 
Bblation to Elbctbic Pbbmittivitt, by O. B. 
Boucher and Hamilton Howell. 


Urbana 

Audible Light, by John B. Taylor, 
General Electric Company, Schenectady, 
N. Y. May 26. Attendance 200. 

e 

Vancouver 

Dinner. Election of officers: G. R. 
Wright, chairman; C. Amott, secretary. 
Junes, Attendance25.' 

Worcester 

Inspection trip through the Tewksbury 
substation of the New England Power 
Association, June IS, Attei^dance 20, 
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Past 

DramcL 


. UnlTersitr of Colorado 

Transbossiok Considbbations in 
Chain Bboadcastino, by R. C. Giese, 
American Tel. 6b Tel, Company., Denver, 
CoL May 20. Attendance 46. 

Election of officers: Fred W. Cooper, 
chairman; Sidney Larson, vice-chair¬ 
man; Wendell O* Spear, secretary, John 
F. I^scher, treasurer. May 28. Atten¬ 
dance 45. 

College of the City of New York 

Election of officers: Alexander Rosen¬ 
berg, chairman; Hobert G. Herzog, vice- 


chairman; I. E. Lawlor, secretary; 
L, Milstein, treasurer. May 28. Atten¬ 
dance 18. 

Lewis Institute 

Inspection trip through the Chicago 
ofihoe of the Western Union Telegraph 
Company. June 12. Attendance 18. 

Southern Methodist Uniyerslty 

Election of officers: J. V. Melton, presi¬ 
dent; M. P. Jones, vice-president; Porter 
Lindsley, secretary-treasurer. June 2. 
Attendance 8. 

Washington State College 

Election of officers: D. H. Olney, 
president; Howard Stingle, vice-presi¬ 
dent; G. C. O’Brien, secretary; G. 
Bliesner, treasurer. May 21. Atten¬ 
dance 17. 




N. 


ployment Imotes 

Of Socft^Hes Employm^iit iSerwiM 


Men 

Available 

BliSOTRIOAli SNGINBEB, 1081, single, 
22 , available Immediately. Deaxes position In 
any electrical line with opportunity for advance¬ 
ment. Salaiy moderate. Has hdA some experi¬ 
ence in public address systems. Location pre¬ 
ferred, New Torlc vicinity, but will condder 
others. 0-0482. 

GHADT]^™ BLOBOTRIOAD BNGDTRBR, 
22 , single, B. S. in HI. B., 1081. One and three* 
fourth years of practical experience with leading 
elevator company. IDesires position with manu¬ 
facturing or utm^ company.^L^Uon optional. 
Hxcellent references. 0-9474. 

GRADTJATB BLHJOTRIOAL ENGINEER, 
1930, single, six months on Westinghouse 
engineering cpurro covering teste on switch¬ 
boards. clicqlt breakers, regtdators, motors, 
generators, ete, ITine months suporvislug tele- 

S hone conduit and cable plant construction af ui 
alep^ne <»ble testing. ExceOent physical 
conoid^. Desi^ permanent position with 
a good future. Location, immaterial. 0-9158. 

SALES BXEOp-XIVB ENGINEER, electri¬ 
cal ana mecha n ical training. Seven years* 
sales experience in bearing £dd. three years* 
1 “ applicatlott of beari&s to 
leetrlcalt ,meoluuQlcal, and automotive Adds, 

promotion, and 

SNGINBBR, 25, cbrlstlam. 
rfngle. Gradwte HS. extension course of 
Ii*7® years’ eog^enoe 
3 well-known manxdackirer 
of •industrial instmments. Excerlenced In 
cpnstau^oi^ application, and s^mg of pyrom¬ 
eters and automatio valves. 0-8647? 

?JPS01¥5^®noinbbb 

One yea 


o «JiiJNtnxHifiJCic, western college. B. S. 
® 1 ®university, yearsmdmtra^ew 


im- 


material. Available Immediately. 0-9451. 

experienM, aesign, operation, of 

iy>wOT pl^ts. Industrial plants, modern pro- 
Sr •Combustion and 


_ GRADUATE BLBOTRIOAL ENGINEER. 
B. S. in E. E.. 1981, intends to study for M. S. 
degree at night; 21, single. Ded^ lotion 
in any electrical engineerbig field indadi^ 
radio or vacuum-tube work. Available al 
once. Loc^on, New York preferred but not 
essential. 0-9467. 

BLBOTRIOAL ENGINEER, graduate A. 
I. T.. 24, married: eighteen months large utility 
company previous to college; three sununer 
vacations as laboratory tediniciaa for radio 
condenser manufacturer: one year In electrical 
]^totenance for seif. Excellent references. 
Will accept minimum living aaHsixy with reliable 
concern. Go anywhere except Russia. 0-8668, 

EXECUTIVE AND GRADUATE MB- 
OHANIOAL-BLBOTBIOAL ENGINEER; 
twdve years' experience in public utiUty. indus¬ 
trial, and marine fields, spedallzed In plant 
msmagement, economic studies, organization, 
and power plant design and operation. Durhig 
the last four years supervised the expenditure 
000,000 for public works projects. 

ELECTRICAL ENGINEER, technical col¬ 
lege graduate, 85. Ten to twelve years' 
mechanical and electrical experience in power 
plants, substations, and teansmlssion and 
alstribntion systems. Work includes G. E. Test 
and public utUity engineering and operation. 
Desires position on operating staff of power 
company. Location, not particular. B-9782. 

GRADUATE BLBOTRIOAL MEOHANI- 
OiU^ ENGINEER, University Budapest, 
Hungary; 41, American dtlzdL Res^uch 
and development engineer with largest electric 
companies along manufacturing and insulating 
dectiio conductors. Expert knowledge of 
Mund r^rdi^.. Besides EngUa^ speaks 
German, Trendx, Italian, Spanish, Hungarian. 
Desires position where also Imgcdstic knowledge 
useful. Location preferred, OuiforDia. 0-26^. 

1981 TECHNICAL GRADUATE of mid- 
western college, B. S. in E. E. 24, single. One 
year student engineer on G. E. test. References 
fumldied. Available bn two weeks* notice. 
0-9497. 

ENGINEER EXECUTIVE, B. S. degree, 
twenty yean’ experience in engineering, con¬ 
tracting. and purchasing. Desires permanent 
connection with large industrial conumy or 
as a local representative. Location, New York 
City. B-6050. 

TELEPHONE ENGINEER, maixied, 38; 
eleven years’ experience, installation, building, 
equipment, and traffic engineering. SpedaUst 


on automfti^ equipment problems. 

covers all ty^ of telephone 

addition to En^h speaks ScandSi^Si* i*? 

guages. German, and SpanlS!^ 

material. 0 - 9532 . tiocatlonim- 

hpiOHANIOAL ELBOTRIOAT. tpkt/it 
NBER ft)r mines, or plant ongin^^ 
or allied industry; 42 yeiS old 
graduate, twenty years’ experienc^ 

TEI^PHONE ENGINEER, gg 
unlveitity graduate, Lieut.-Oof.-Offlce^^i 
servo Corps; eleven years Bell 
ment engineering, five years’ varied 

telephonefadUtles. B-9568. customers 


EMIOTRIO^ EJTGINEER. B. E. desree 
86 , sinrie, desires position with public 
or engineering concern requiring SocSSv 
ablUty and an an^ytlcal mind. 
exper^ce covering engineering, 
vjtiuatiott of power ptots, suStatiS^traSa- 
noission and distribution systems. Av^SSi 
tom^tely. Location p^-redT^S}. 

WIRE AND CABLE SALES ENGINEER, 
m^n^ clerical engin^ who has specifi^^ 
m electrical wire and cable enginemdng. Pifteen 
ye^ repre^i^ pubUc utilifiS aaTa>nwl^ 
engineers wri^g roecificatlons, supervising 
manufacture, eroedlting, injecting at^^S- 
^turer’s planite, anpervlsfiig InstallatiM. 
Experienced cable engineer for technical s^ 
^arbment of wire and cable manufacturer 


XaxxjALi ifiNGINBER. 
B. i^E. degree 1930, 24, single. Eight months 
on Westinghouse course. Astignments covered 
motor apparatus testing and refrigeration 
development work. Desires position with 
m^ufacturing concern or public utiUtv. 
Working knowledge of Spanitii. Initia l sala^ 
and location secondary to opportunity. Befe^ 
once. Available on short notice. 0-9428. 

ENGINEER. 

B. 8. in E. E. 1929. M. S. In B. B. 1981 
from Massachusetts Institute of Technology. 
General Electric Test experienco. Experience 
m the design of motors and generators. Avail- 
^le on short notice. Location immaterial. 
0-9559. 


GRuAJpUATB ELEOTRIOAL ENGINEER, 
27, single. Seven years’ experience in super- 
visi^ and laying out of electrii^ constaructlon 
work In various mdustrial plants and buildings. 
Desires position as superintendent or electrical 
engineer with contracting or Industrial firm or 
municipality. Available at once. 0-9658. 


elbotbioal-meohanioal engi¬ 
neer. 39. marrie. G. E. student course. 
Eighty years’ experience sequenoe-motor- 
oontrol ^sterns, Industrial engineering, mles, 
TOtents. mvest^tions and reports, machinery 
development. Prefers connection as industrial 
consultant or as sales en^eer. 0-9652. 


GRADUATE of five-y^ cooperative school, 
22. ^gle. B. S. in E.E. in 1931. El^teen 
months^ experience in the installation and engi¬ 
neering department of a public utility. Desra 
a position in any electrical line with fnture and 
an opportunity for advancement. Available at 
once. Location ImmateriaL 0-9545. 


ELEOTRIOAL ENGINEER, graduat Ger¬ 
man technical institute. 81, shu^. Two and 
one-half yean with German railroad camp In 
maintenance of rolling stock, two years’ practical 
experience in repab work on and passen¬ 

ger cars with American railroad camp and two 
years electrical inspector. Desires position with 
railroad camp. 0-9519. 


ELEOTRIOAL ENGINEERING GRADU¬ 
ATE desires position as Junior engineer with 
public utilities concern in power plant operations 
or as Junior engineer with oonstmction com¬ 
pany spedalizffig in powerplant and transmis¬ 
sion line construction. Has had two years 
experimce in power x>hmt construction and 
operation. 0-0406. 


ELEOTRIOAL - MBOHANIOAL , 

NBEB, 31, married, five years' experieno with 
American concern telephone equipment sues 
Jn United States and South America, two and a 
half years radio, movietone, amplifv^ equip¬ 
ment sales and installations as branch maJMer 
in Oentral America for European znanu^tu^. 
Speaks and writes five languages ^^^y. 
References. Available Immediately. 0-9568. 



old. Broad experience In de^^t 

and operation along b the!e<®Mil»admeclianl- 


AuGXJsrl9Sl 
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cal lines. Willing to go to any location. 
Excellent references. B-5471. 

ELEOTBIOAL ENGINEER graduated 1928, 
27. married. Has civil engineering and over 
two years* Westinghouse test course experience. 
liOcation immaterial. Now employed by manu* 
factoring corporation. Desires p<^tlon with a 
future. 0-9568. 

ELECTRICAL ENGINEER. 1981 graduate 
B. S. degree in E. E. from the University of 
Illinois. 23. single, American. Six months* 
experience in the engineering department of 
nilDOis Bell Telephone Company. Some experi¬ 
ence Thyratron tubes, photoelectric cdls. 
Desires position engine^^ company, consult¬ 
ing engineers. Location, anywhere in United 
States. Canada. C-9^. 

ELECTRICAL ENGINEER. B. S. and E. E. 
degrees. Nine years’ experience in develop¬ 
ment and production of static condensers for 
radio, ignition, and power-factor applications. 
Some work with X-ray and power-amplifier 
tubes and associated apparatus. B-9250. 

ERECTING ENGINEER. 46. Of broad 
experience In power plant construction, mainte¬ 
nance. and operation. Exceptional ability in 
the erection and wiring of switchboards, power 
plant auxiliaries, oil circuit breakers, and hish- 
voltage outdoor substations. Available 
mediately. 0-8702. 

GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with eight years* experience 
in industrial plant construction and mainte¬ 
nance; railway electrification; power plant 
design, estimating, and construction. Super¬ 
visory experience on construction and costs with 
contractor. Desires position with utility, manu¬ 
facturer, or contractor, where ability to handle 
labor and produce results is a prerequisite. 
C-4428. 

ELECTRICAL ENGINEER, B. 8. In E. E.l 
1927, single, 20 months’ experience In design 
and testing of fractional-hp. motors: two yeurs* 
manvfactumg enerience. Familiar with a-c. 
and d-c. motor and control application. Desires 


electrical engineering work. liOcation, 
material. ^9168. 


im- 


TECHNIOAL GRADUATE, 81, married, 
deven years* experience on steam and hydro- 
deotric systems as operator and ^tem opera¬ 
tor. Desires position as load disj^tcher or 
OTBtem operator. Location. Immatdld, but 
West Coast preferred. 0-72Q7. 

INTERNATIONAL OR DOMESTIC BUSI¬ 
NESS. university graduate, 31, thoroughly 
trained and experienced, seven years* engineer¬ 
ing and business United States and^road; 
export, power system planning, developments, 
reitorts, estimating, organizing; ford@ lan¬ 
guages. German, Spanish, some French. Desires 
connecting holding company or trade; will 
consider representing concern abroad. Avail¬ 
able diort notice. Personal interview desired. 
C-85S4. 

ELECTRICAL ENGINEER, university 
graduate, 36. married. Background of eight 
years' ei^^erience electrical testing in field and 
laboratoty. also in erecting equipment. Addi¬ 
tional thrM and one-half years* ^cperience in 
testing and manufacture of radio tubes. Desires 
porition with tnanufacturer or laboratory. 
Location preferred Metropolitan New York. 
Available now. B-8817. 

ELECTRICAL - MECHANICAL ENGI¬ 
NEER. Executive. Twenty-three years* 
diversifled experience as an engineer and execu- 
Ind^trlal plant equipment andoperation. 
Particularly successful in present connection 
along lines of mechanical plant improvement and 
In obtaining employee cooperation through 
personnel training. Can refer freely to each 
connection held. C-7880. 

GRADUATE ELECTRICAL ENGINEER. 
31. single, eight years* experience, design, and 
construction of transmission lin«, voltages va> 
to and including 220 kv., outdoor andnidoor 
high-voltage^ substation and distribution net¬ 
works. Desires position in engineering or con¬ 
struction dcmartment of large utility or bAMfag 
company. Location ImmateriaL 0-3564. 



RELAY ENGINEER, university graduate. 
Pwcttod eim^enoe. th^® 

^Hns connected with system disturbances 
» salary. AvailableatmiCA ^291; 

1980, single. One year’s expeilenoe in test, 


design, and development of small fractlonal- 
and integral-hp. motors. Previous experience 
with puMc utilities. Nowemployied. Position 
must be i>antnan6nt and promise a good future. 
Location a secondary factor. 0-9590. 

ELECTRICAL ENGINEER, college gradu¬ 
ate. married, five years* electrical apparatus 
design, fifteen years supervisor, hi^-v Itage 
overhead transmission and distribution lines, 
substations, estimating design and construction, 
test field experienceT Nine years' practical 
machine shop. Desires responsible position. 
C-9257. 

ELEOTBIOAL ENGINEER, 2L single, 
B. S. degree in E. E.. Texas A. & M. College 
1981, h^er of government broadcast class 
operator’s llc«)se. Two years* experience ,in 
radio work. Desires poitition In radio or t de- 
phone industries. Available at once. Will go 
anywhere. 0-9688. 

ELECTRICAL ENGINEER. 23. single, 
graduate of five-year cooperative course. Did 
electrli^ construction work during course. 
Desires position with power company, engineer¬ 
ing, or contracting firm. Location immaterial; 
hudwest preferred. Available immediately. 
C-9586. 

1928 GRADUATE ELECTRICAL ENGI¬ 
NEER of recognized universi^. 26. single. 
Wishes employment where the following engi¬ 
neering exigence may be used to advanta^. 
One year power company test experience. 20 
months as special apprentice on large electrified 
railroad, six months* radio and telej^one experi¬ 
ence. C-9112. 

GRADUATE ENGINEER. B. S. in E. B. 
ftom Northern college of cooperative tsrpe: 28, 
single; cooperative experience: six months' 
mpduction engineering in radio division of 
westinghouse; sbc months power, local cabling 
drafting, including student coiurse Western 
Electric; one year student engineer at Weston 
Electric Instrument Company: excellent refer¬ 
ences; location immaterial; available two weeks* 
notice. C-9599. 

ELECTRICAL DRAFTSMAN, DE SIGNER, 
five years* experience, supervisory control, wiring 
diagrams, plant, pole-tgiie metwing equipment, 
bufiding, factory lighting, power plant layout 
induding contracts sales, etc. Experience 
covers mteen years wireless telegrapher, 9 rc, 
and d-c. motors, generators winding, shop test, 
repair man for iXl electrical equipment, line¬ 
man, meterman, switchboard repair man, power 
plant electrician. B-8984. 

EXECUTIVE ENGINEER, 81. unmarried,, 
graduate of outstanding engineering institution. 
One year of postgraduate study and teaching 
with record in executive caji^ty. Expert 
enced on communication engineering, telephone, 
telegraph, i^p. sound, television, etc. Speaks 
several foreign languages. Lo^tion, immatorial.* 
Available immediately. 0-696. 

. ENGINEEI^ Stevens graduate, one and one- 
half years G. B. Test, with broad knowledge 
of transmission operation gained during five 
years with public utility operating in the f orete 
field, seeks new connection, either domestic or 
foreign. Would be viduable for the staff of 
general superintendent being mechanical engi¬ 
neer with mectrlcal experience. C-9177. 

GRADUATE ELECTRICAL ENGINEER, 
25; two years’ experience in power system 
operation, system planning and. development: 
also experience in distribution and transmission 


References. 0-9281. 

ELECTRICAL ENGINEER. 28. single, 
sraduato School of Technology B. 8. 

degree in E. eT Cooperative Plan 1980; five- 
ye^* e]q;>eri6nC6 railroad shops all departments 

'mth utility or manufactoring concern. Prefers 
Southeast. 0-9292. 

_ BDUKCTRIOAL ENGINEER. 22 . single, 

WSDtw^tymratbsG.B.Testcourse: Desires 
poriwn involvhig electric design and develoth 

fi^ediately.^ 

^ GlUBTrATO BLEOTBIOAl BNOnnBEB. 

seven and one-half years’ 
experience tn<^ding; 2}i years as engineer with 
mwnfacturer 8 sen^ shop, two years uni¬ 
versity tw^ears resitonsime posltilw 

In manufacturer’s enmeei^ department and 
^eyear as ^ectridan on station construction. 
Desires position with manufacturer, industrmi • 
SStoT* fiiorS Available upem short 

^CRBT.WY ENGINEER, as asslstaat to 
majmr executive or for inromoting publioi^' 


with progressive manufacturing r 
Industry. Good correepondonc. Alert. Indi^ 


LTvui loouius luoittwuwivFAi. - ..r ' rrr’ ' J.— 

work engineering, bustocss iidmlntoatlon. Six 

years* experience r^eiurdi. devdopmont ana 
testing. 0-980. 

BLBCTBIOAL ENGINBER, ^ent gradu¬ 
ate. 28. E. B. at RensselaorMytcclinlc Insti¬ 
tute; detir^ engineering work with opportunity 
for advancement: would like woric in communi¬ 
cation engineeri^ or radlo-tubo onrincoring 
fields. LocationTNew York Olty. 0-0605. 


Instructors 


M. I. T. GBADUATB BI/BOTBICAr. 
ENGINEER, 86. married. Six yoars* Indiwlrltvl 
and teaching experience in electrical (mglnoorJiig. 
Several years' private reseorcli and dovelopinviit 
work on c ' ^ i.- 

and pers 

position _ 

Middle West or South. 0-2826. 

PROFESSOR OF BLBOTRICAIi BNOI- 
NEERING, 40, six yoars* siicct^ul oxpuricnen 
teaching practically all branches olectrleal 
engineering, state school. Conuldorablo ex¬ 
perience power, tolophone work. Ono ytsnr 
switchboard encpneerlng deiMirlinont of Westing- 
house. B. S. in E. E. and E, E. diw^ees. 
Preferred location Rocky Mountains. Fatdflc 
Coast States. Available school year I9.ni-19:{2. 
0-5021. 

PHYSICIST. middlo-agcHl, oxperlonctxl In 
Industrial research supervision of resoorclt. 


American universities, ^mpbosfs doctrlcal 
subjects in training and teaching. Stability and 
op^tun^^toired. Available upon short 

^^SUPERINTENDENT f)F DISTRIBU¬ 
TION, 43, married, electrical and Industrial 
management. Twenty years* electric utility 
operating experience In engineering, construc¬ 
tion, operation, matntonaxico of distributing 
and tmnsn^on lines, substations, flrst 4 vid. 
and educational work. Has sufficient public 
utiUty operating experleoco to qualify for posi¬ 
tion of supmjntendent. Demonstrated record of 
exequtivo ability. 0-8411. 

GR^UATE BMGOTBTCAL ENGINEER, 
95, obtainhig Mas^;8 degroo in June. 1931. 
Jsfiffes as mwls^t professor or Instruc- 



GRADUATE ELECTRIOAL ENGINEER, 

^ BLBOTRICAIi BNGINKBJR, 1281 graduate 
of Colorado University, desires positmiui 
junior engineer, sales engine*^ * 

Dmthematics or eleotricid ei 
Has had eighteen months* 
eltotrical service and repair t 
prior to OTlJege. Location. “ 

United States. C-9241. 

JUNIOR ENGINEER, 1080 gjraduate. B 8* 
degree in asao^te meixn])forS& XI 


one year as englneeriiig ^geist^ 


A,B. 



eyening classes. References. 0-0308. 

BLEOTRIOAIi BJNOINEBR, 1930 graduate. 
22. single. One year on the Westlnghou^ 
studenTcourse. Desires ppsldon as instructor In 
tfectarlcal engineering. Available ^ool yew 
19dl>1032 ^References. liOcatlon. immaterial. 
0-0311. 

ELECTRICAli ENGINEER. B. 8. degree, 
married, with about fifteen years^ocessful 
experience in the design and construction of 
transmission and distribution lines. Some teach¬ 
ing experience. Employed at present. Desires 
position as instructor in electrical engineering 
subjects or physics and mathematics. Excellent 
references. Location preferred. Middle West 
or West. C-0339. 

ELSOTRIOAL ENGINEER. 30, married. 
A. B. ’22; B. S* In B. 24. (Hwvard.) 
G. E. Test, transformer design, development 
and writing; experience in factory 

—ing, has taxight evening classes. Spealm 
an Iiocatfon preferred. East. C-9402. 


ELECTRICAL ENGINEER, 1931 graduate 
from a southern technical institute, derires part 
or full tim position as instructor in mathematics 
or electrical engineering, ;^th the privilege of 
oanytng graduate work. C-9415. 

TEACHER OP ELECTRICAL ENGI¬ 
NEERING. 37. inarrried. Thirteen years* 
teaching experience, many summers spent in 
practical work. B. S. in E. E. and E. E. degrees. 
Taught aU E. E. subjects, as well as physics, 
electric thermodynamics, descriptive geometry, 
mechanical drawing. Sixteen months' generid 
management large college radio station. Avail¬ 
able immediately. 0-0445. 

ELEOTRIOAL-MBOHANIOAL ENGI¬ 
NEER, 1031 graduate with en^rience in 
central-station eqtilpment testing. Desires posi¬ 
tion teaching in capacity of instructor or as 
research en^^eer to continue with education 
leading to Master’s degree. C-9461. 

ELECTRICAL ENGINEER. 22. abi|de* 
E. E. dmee. 1929. M. S. in E. E. from M. I.T.. 
1981. Twenty months’. G. E. Teat. Desires 
position Involving electric design and develop¬ 
ment or as instructor in B. E. Iiocation pre¬ 
ferred. East. Available immediately. C-9402. 


RECENT COLLEGE GRADUATE. B. 3. 
in E. E., 22. single. Desires position with elec¬ 
trical concern or as instructor in mathematics 
and riectrical engineering. Some maintenance 
experience. Location iireferred. East. 0-9496. 


INSTRUCTOR, electrical engineer. 31. with 
nine years’ experience with utiUtlos. contractor, 
consulting en^eer, and manufacturers, wishes 
position as Instructor for oloctricid and mechani¬ 
cal engineering or drafting, mochonics, etc., in 
trade schools, high scho^; roeaks and writes 
German and French. Good rererences. C-4768. 


degree in B. E. General Electric Test. Fifteen 
years' broad experience teaching, research, 
development, designing, and manufacturing 
plant management. Position desired teaming 
mechanical, electrical, or industrial ngineering 
subjects: or part time teaching and management 
of universily plant. Location, immaterial. 
0-4440. 

GRADUATE ELECTRICAL ENGINEER. 
B. S. in E. E. 1929, single. 24. Twenty-one 
months’ Westioghouse Test on rotating ma¬ 
chinery and control apparatus. One year of 
l^vanced physics at Oamegie Tech, night school. 
Desires position as instructor in engineering 
subjects. Eastern location preferred. 0-8960. 

ELECTRICAL ENGINEER. B. S. in 1929 
from M. I. T. Desires connection to teach 
engineering subjects. Practical experience in 
the paper-making and insulated-wire business 
^ an Industrial engineer. Able to handle men. 
Locate ansrwhere. C-9331. 

GRADUATE ELECTRICAL ENGINEER. 
24. B. S. in E. E. Knowledge of design, con¬ 
struction of indicating instruments; also 
knowledge of electron tube. Two year coopera¬ 
tive course with Weston Electrical Instrument 
Corporation. (32 departments including shop, 
offlce. and engineering work.) Three yeetrs 
industrial work before college. Available im¬ 
mediately. Location, Unlt^ States, Canada. 
C-9585. 

ASSISTANT PROFESSOR INSTRUCTOR, 
39, Cornell graduate, two and one-half years' 
teaching experience; will bring to the faculty 
first-hand knowledge of the latest practise in 
industrial work. Thoroughly familiar with 
practical requiremonts for design and installa¬ 
tion of mechanical and electrical equipment for 
Industrial plants, power stations, and boiler 
houses. A-3702. 

1929 GRADUATE ELECTRICAL ENGI¬ 
NEER. 25. single. Fourteen months G. E. 
Test course Induding thorough experience with 
illuminating equipment. Also experienced in 
electrical maintenance, construction in manu¬ 
facturing plant. Desires electrical. Illuminating 
engineering position with future manufacturing 
utility company, or teaching position. Prefers 
Middle Western or Eastern location. Available 
at once. 0-9560. 

ELECTRICAL ENGINEER, M. I. T. 
graduate, with practical experience in design, 
construction and teaching, author of reference 
books in electrical and mechanical enidneering. 
is open for teaching position. Well quallAed 
to take charge of engmeerlng and general courses 
such as mathematics, physics, drawing practical 
electricity, etc., in vocauonal and preparatory 
schools. B-4022. 

ELECTRICAL ENGINEER, with Master’s 
degree, desires position of professor of E. E. aba 
progrerave nniversity. Age 34. married. 
Five years with large electrical manufacturer. 


AvaUable upon 


RESEARCH AND DESIGN tm 

STRUOTOR, transportation field “ 

turer operating • ** 


manufac- 


appiu»tus tor ojectric cars 

&nH rARAiLr<*h Hurt rtAVAlonmAnt-. 


GRADUATE ELECTRICAL BNGTNTPitr 
western university, age 26. Two 
p^Uc ut^ty company, one yearns mmSienS 
assistant instructor inlarge university fiiirw 
dcmarlment. Operatingexperience^h^lSrtri* 
railroad and two years* experience in enSSStog 
professional photography. Wishes 


ELECTRICAL ENGINEER, B. S dMrFAA 
iS. experience* 

board desi^ two years’ industrial control two 
yeaw teaegng experlwce. Natural talent for 

teaching. Desires teaching position in englnirw 
^<»U|ja^^Locatton preferred. Middle wSt or 

, GRADUATE ELECTRICAL ENGINEER 
dass 1929, age sl^la nine months on 
Westinghouse graduate student course, thirteen 
months on transformer design. Desires posiri^ 
in engineering department of public utility or 
instnictor of dectrical engineering and m^he- 
matics. Locarion, Middle vVest or East Avail¬ 
able upon short notice. 0-9549. 

ASSISTANT PROFESSOR OP ELECTRI¬ 
CAL ENGINEERING, three years’ r^rdi 
training and advanced study. Two years’ 
teaching experience. Background of American 
and foreign utility work. Research and patents 
in high voltage Insulation. Specialties, hydro¬ 
electric generation, transmhmon, radio and 
communication theory, transients. Best refer¬ 
ences regarding health, personality, and teaching 
ability. Location, immaterial. 0-tel3. 

ELECTRICAL ENGINEERING GRADU¬ 
ATE, inexperienced, but with a sincere interest 
in teaching as a career wishes a position as 
instructor in electrical engineering, mathematics 
or physics in college or technical school; mathe¬ 
matics or physics In secondary school. Age 26. 
single. 0-9205. 


MECHANICAL ENGINEER. Purdue grad- 
tiabe, many years’ experience In boiler work 
from fireman to plant en^eer and manager of 
boiler shop. Interested in opening with power 
company or engineeriim department of industrial 
company, or with plate or structural shop. 
Experienced business manager and executive. 
Will consider teadiing mathematics or structural 
design. B-5551. 


BIEOTRICAL ENGINEER, graduate Unl- 
verrity f Illinois, 1926. Two years’ experience 
with Westingho^e Elec. & Mfg. Company, 
two and a years with public utility 

to ^haining division. Available immediately. 

GR^UATE ELECTRICAL ENGINEER. 
Lehi^^ U^errity, 1930. married. 26. ten 
engtoeering graduate student at West- 
Inghot^. ana 22 summer months witii National 
1^6 Company. Desires pi^tion with public 
utility Of manuiacturing company where 
.f^earch ability Is prime pro- 
requtoto. AvallaWe upon two wei&s’ norice. 
Location. East or Middlewest. G9895. 

EpOTRIOAL ENGINEER, graduate 1931, 
slMlc* Tl^e years' cooperative experience in 
publm utility maintenance work. Four sum- 
mers exp^l^ce zn ice-cream industry. Derires 
opening offerag steady work and possibility of 

BNGINEER. B. S. in E. E.. 

JWftew months’ G. E. Test 
months in vacuum-tube- 
months’ development 
aircraft instruments, 
control devices, and navid ordinance control. 

toboratory experience. 
Arra^^le at once. Location preferred. East. 


- ELECTRICAL ENGI- 
B, to .M. B. .aad B. E. and Master 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Post St. 

San Francisco 
N. D. Cook, Manager 


205 West Wacker Drive 
Chicago 

A. K. Krauser, Manager 


31 West 39th St. 
New York 

W. V. Brown, Manager 


M aintained by the national socie¬ 
ties of civU. mining, mechanical, and 
electrical engineers. In cooperation with 
the Western Society of Engiueers, Chicago, 
and tlie Engineers* Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available- —Brief announcements 
will be published without charge; repeated 
only upon specific request and after one 
month’s Interval. Names and records 
remain on fUe for three months; renewable 
upon request. Send announcements direct 
to Employment Service. 31 West 89th 
Street. New York. N. Y.. to arrive not later 
than the fifteenth of the month. 


Opportunities. — ^A weekly bull tin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or SlO per 
annum, payable to advance. 

Voluntary Contributions- —^Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 30 days after place¬ 
ment on the basis of 1.5 per cent of the 
first year’s salary. 

Answers to Announc® n*-*® 
Address the key number Indicated to 
each case and mail to the New York offlce. 
with an extra two-cent stamp enclosed 
for forwarding. 
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Applications 
for Election 

Applications have been received by the sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated* the applicant has applied for 
admission as an Associate. If the applicant 
applied for direct admission to a grade higher 
than Associate* the grade follows Immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
Inform the secretary before August 81,1981, 

Appel, I.. New York City Board of Transpor¬ 
tation* New York, N. Y. 

Bagger* A. O., Oommonwealth Edison Oo., 
Chicago* in. 

BaUantIne* J. 8., Oeneral Electric Oo.* West 
Lynn* Mass. 

Banister. A. L.. New England Power Oo., 
Lawrence* Mass. 

Bdl, L. W., Southern Oalifomia Edison Co., 
Ltd.* Santa Monica, Oalif. 

Brandecker, P. A,, (Member) U. S. Navy, Navy 
Yard, Mare Island* Calif. 

C<neman, P, D., Montana Pow^ Company, 
Billings, Montana 

Gin. W. T. (Member) c/o Piedmont A Northern 
Railway Oo.. Charlotte, N. C. 


Goodaie, W. G., New Englmid Power Co.* 
Tewksbury, Mass. 

Gradby* E. I., 1825 Norman Ave., Ridgewood* 
L.I.*N.Y. 

Haye, P,. Industrial Electric Motor A Tool Co.. 
New York. N. Y. 

Hilts, H. D., General Electric Oo., Schenectady. 

N. Y, 

Holdrege, O. P., 1936 South 33rd St.. Omaha, 
Nebra^ 

Knapp, L. G., c/o Montgomery Ward A Co., 
Inc., Chicago* Illinois 
(Applicant for re-election) 

Madhiorlete. L., 648 Palisade Ave.. West New 
York, N. J. 

MacNaught. M. S., Hlxon Electric Co.. New 
York, N. Y. 

Morgenstieme, O. O. M., Illinois Steel Co.* 
Gary, Ind. 

MunhaU. W. F., 712 Pflbert Street. Pittsburgh, 

Pa. 

Noren, J. J., c/o Mrs. H. H. Smith, Middletown* 
N. J. 

O’neUI, W. J., 816 Oenlaral Ave., Franclsoo* 
Oallf. 

Rhoades, O. O., Oeneral Petroleum Oil Oo., 
Seattle, Wash. 

Richardson. R. B.. Mountain View. N. J. 

Roberts, L. O.* American Td. A Tel. Oo., 
New Vork,N. Y. 


Shytle, D. E., Hnntt Elevator Repair Co., 
WadiingUm, D. O. 

Sidler, P. R.* Brown, Boveri A Oo.. Ltd.* New 
York.N.Y. 

Sleeper* O. L.* Pacific Gas A Electric Co.* San 
Frandsoo* Calif. 

Stiegler, S. J., 663 The Alameda* Berkeley. 
Oalif. 

Swigart. J. I., PoUansbee Bros. Oo.. FoUansbee. 
W* Va. 

Tompkins, H. K!. V. (Member) Gulf Production 
Co.* Houston* Texas 
(Applicant for re-election) 

Wagner, I. B., Lima Locomotive Works* Inc., 
Lima* Ohio 

Weidlein* W, D.. c/o Black A Veatch* Kansas 
City* Mo. 

Wolfe, G. E., Lincoln Hotel, New York* N. Y. 
Youngstrom, O. H., 451 West 47th St.. Los 
Angeles, OaUf. 

83 Domestic 


Foreign 

Dordi* K. M. (Member) Tata Hydro-Electric 
Power Supply Oo.* Bombay, India 
Kemeny P. (Member) Brazilian Telephone Oo., 
Sao Paulo* Brazil, S. A. 

Miller* W. J.* c/o Ingenio Santa Fe, San Pedro 
de Macoris, Dominican Republican 
Perry* F. R.* Metropolitan-Vickers Electrical 
Oo., Ltd., Manchester* England 
Raghunath. N. V.* The Indian Institute of 
Science* Bangalore City* South India 
Roberts, F. W.* Estlor Bros., Ltd., London* Eng 
Taiawy* S. S.. Jalgon Electric Supply Oo.. Ltd., 
Jalgon, Bombay, India 

7 Foreign 


(An^nst 

Number 


□ 31-13 

□ 31.17 

□ 31.40 

□ 31.41 

□ 31.48 

□ 31.47 

□ 31.63 

□ 31.66 
a 31.74 

□ 31.33 

□ 31.98 

□ 31.90 

□ 31-124 

□ 3iHa 

□ 31M3 


ORDER FORM FOR REPRINTS OF FULL PAPERS ABRIDGED IN THIS ISSUE OP 
ELECTRICAL ENGINEERING* 

1931) 

_ 

J. H. Blankenbnehler.An Improved Arc-Welding Generator 

F. B. Bramhall.Telegraph Transmission Testing Machine 

J. B. Whitehead.The Conductivity of ineiiieHng oils 

K. K. roaett .^anatent Voltages on Power Tranaformers-ni-Non-BeBonatlng Auto- 

Transformers 

J. B. Whitehead and W, B. Kouwenhoven.. .Fundamental Properties of Impregnated Paper 
H. H. Race.Some Electrical Characteristics of Cable Oils 

S^se^nd Keport 

G. Sutherland and D. 8. MacOorlde.Bum-Olf Characteristics of A-O. Low-Voltage Network Oables 

O. L. Dawes and W. M, (Stoodhue.Equivalent Circuits of Imperfect Condensers 

P. H. Moon.The Theory of Thermal Breakdown of Solid Dielectrics 

X B. ■Whitehead and F. Hamburger, Jr.Residual Air and Moisture in Impregnated-Paper insulations—m 

^ .Insulation Variability—Its Influence in Determining Breakdown Voltages 

H. H. S M Iung.Tuned Power LlneB 

8. B. Clark.A-O. Networks in Portland, Or^on 

O. F. Green.Electrical Solutions of Problems of Regular Scheduled Plight 


subscribers a 
w abridge 
vrithin ^ year from date of i 

St SSy ^ twenty-4ivo cents per complete copy wl 


Name.. 

Address 


Plew prdM reprints by namber. Address Order Department A. 1. E. B., 3$ West S»th Street, New York, N. Y. 
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New Books 

In the Societies Library 

^^MONG the new books reoeived at 
hte Engineering Societies Library, New 
York, during* June are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 

Business Administeation. By W. 
Wissler. N. Y., McGraw-Hill Book Co., 
1931. 897 pp., diagrs., charts, tables, 

maps, 9 X 6 in., cloth, $5.00.-^An 

intwesting, readable presentation of the 
various factors that affect the problems 
which confront the administrator of 
business enterprises. Money, markets, 
men, machines, materials and methods 
are examined, and their relations to each 
other are discussed. A critical inquiry 
into the nature and ends of business as a 
complex institution aims to show execu¬ 
tives where business stands today and the 
line along which it is developing. 

Electric Clocks. By F. Hope-Jones. 
Loud., N. A. G. Press, 1931. 261 pp., 

diagrs., 9x6 in., cloth, 12s. 6d.-^A 

combination historical and technical 
account of the evolution of the electric 
clock. Starting with Alexander Bain’s 
patent of 1840, the author describes and 
criticizes the Efforts of successive inven¬ 
tors and illustrates the steps that have 
led to the highly accurate devices of 
today. Numerous diagrams add to the 
usefulness of the book. 

Hioh-Speed Internal-Combustion 
Engine. By H. R. Ricardo. Lond. & 
Glasgow, Blackie & Son, Ltd., 1931. 
435 pp., illus., diagrs., charts, tables, 
10 X 7 in., cloth, 30 s.—^A thorough 
analysis of the scientific basis of design, 
based upon extensive research and ex¬ 
perimentation. General principles, rather 
than specific designs, are mscussed in 
this in^rtant work, which wiU interest 
every designer. This is a new edition of 
the second volume of the internal- 
combustion engine. The principal change 
is the addition of a chapter on the high- 
^eed Diesel engine. 

Logic ov Science. By Harold R. 
Smart. Lond. A N. Y., D. Appleton & 
Co., 1931. 237 pp., 9 X 5 m., cloth, 

8 8 o d.-A 33r^matic discussion of the 

problems that lie on the borderland be¬ 
tween science imd philosophy, which 
endeavors to show wnat scientific con¬ 
cepts have to contribute to the philo¬ 
sophic problems of existence, value, mind 
and reality, and to apply the logical 
principles developed by philosophy to the 
discussion of scientific ideas. The aims 
and scop^ of natpi^ science are examined, 


the relation of each science to its neigh¬ 
bors is shown, the emergence of the mi^or 
problems is traced, and the proposed 
solutions are indicated. 

Metallkbramik. By F. Skaupy. 
Berlin, Verlag Chemie, 1930. 60 pp., 

illus., diagrs., charts, 10 x 0 in., paper, 

6-r. m.-This little book is the first to 

describe systematically the manufacture 
of articles from powdered metal by 
molding and sintermg it. The prepara¬ 
tion and properties of powdered metal and 
of articles made from it are first described 
generally. The manufacture of wire, 
sheet and molded articles from powdered 
tungsten, molybdenum, tantalum and 
other infusible metals is then treated. 
This is followed by a section on carbaloy 
and similar hard alloys. An appendix 
discusses some other possibilities of the 
process. 

Principles op City Planning. 
By K. B. Lohmann. N. Y., McGraw- 
BSU Book Co., 1931. 395 pp., iUus., 
dia^., charts, maps, 10 x 6 in., cloth, 

$4.00.-^Aims to give, in a single 

volume, an account of the whole subject 
of city planning. The elements and 
principles of the various branches are 
presented, and such general matters as 
the scope and importance of the work, 
its possibilities and the means of its 
accomplishment are discussed. City 
planning in the United States is stressedt 
Both the design of new cities and the 
improvement of existing ones are con¬ 
sidered. 

Relativity. By M. Palmieri. Los 
Angeles, Cal., Forbush Publ. Co., 1931. 
87 pp., 11x8 in., doth, no price indicated. 
-^A brief non-mathematical presenta¬ 
tion of the theory of relativity, intended 
for lay readers who wish to understand 
its principles and consequences. 

Die WBRKSTOPPniMPPUNG bei Drbh- 
UND Biegbschwingungsbeanspeu- 
OHUNGi OPorschungsarbeiten auf dem 
Gebiete des Ingenieurwesens, Heft 335.) 
By O. FCppl and G. Schaaf. Berlin, 
VDI-Verlag, 1930. 27 pp., charts, 

diagrs., 12 x 8 in., paper, 4.50-r. m.- 

Presents the results of an investigation of 
the damping properties of various metals 
when subjected to different stresses. Tests 
of each metal were made by different 
methods and compared. 

Jet-Wave REcmnEB. (Ingeniorvi- 
denskabelige Skrifter, A Nr. 24). By 
J. Hartmann. Kobenhavn, Danmarks 
Naturvidenskabelige Samfund, 1931. 
300 pp., illus., diagrs., charts, tables, 
11 X 7 paper, price not given. (Pub¬ 
lished in English.)-This is a mechanical 

rectifier based upon a principle invented 
by Mr. Hartmann in 1907. Between the 
years 1919 and 1929 he was actively 
engEiged in developio^ the ^paratus for 
hi^-power rectification. We have here 
a detailed account of the work done dur¬ 
ing this period and of the results that 
have been attained, both experimentally 
and in practise. The reotifier is quite 
distinct in character from the mercury- 
arc rectifier but may be used for simite 
duties. 

Mitteilxtngbn aus den Fobsoeung- 
8ANSTALTBNGHF-K0NZBRN,Bd. 1« Hcft 3, 


pp. 45-68, February 1931. Berlin, V. D. I. 

verlag, 12 x 8 in., pajier, 3-r. m.- 

Four investigations are reported: the 
effect of surface condition upon the dura¬ 
bility of various steels: a critical investi- 

S ation of the standard method for 
ynamic tests; recent advances in welding 
and cutting oast iron and cast steel; and 
the measurement of fluids in motion by 
means of nozzles. 

Patent Law for Chemists, Engineers 
and Executives. By F. H. Rhodes. 
N. Y., McGraw-Hill Book Co., 1931. 

207 pp., 8 X 6 in., cloth, $2.50.-^This 

book, written for engineers and business 
men, discusses the questions of interest 
to men engaged in teohni<»al and adminis- 
tratiye work. The law of patents, the 
requimments for a patentable invention, 
the rights that a United States patent 
confers, and similar general matters are 
explained and illustrated by citations 
from court decisions. 

IndubtbibOfen, V. 2. Bau und Be- 
trieb. By W. Tnnks. Berlin, V. D. I. 
Verlag, 1931. 398 pp., illus., diagrs., 

charts, tables. 9 x 6 in., cloth, 20-r. m.- 

This is the .final volume of the German 
translation of the valuable book on Indus* 
trial furnaces, the original of which is 
weU-known to American engineers. 

Royal Technical College Journal, 
Glasgow, January, 1931, Vol. 2, Part 3, 

e p. 371-566, paper, 10 x 7 in., 10s 6d.- 

describes work in the fields of ohemistry 
and engineering. Among Ihe subjects 
investigated were the magnetostriction 
of overstrained materials, th transmis¬ 
sion of heat in a fluid in turbulent motion, 
the rotat^ wheel with disk of constant 
stress ratio, pressure strains in non-oirou- 
lar drums, the influence of direct and 
shear stresses on the end constraints of 
curved bars, a standard of roughness for 
steam nozzles, torsional rigidity and web 
torque of crankshaft units and the effect 
of journal clearance, heat transmission 
coemcients for superheated steam, fuel 
pipe effects in meohanioal-injeotion oil 
engines, the lubricating properties of 
mineral, vegetable and fatty oils, the 
wave form of the mercury-arc power 
rectifier, and the radiant emciency and 
heat distribution of eleotrio fires. 

Underground Systems Reverence 
Book. By National Electric light 
Association. N. Y., The Association, 
1931. 377 pp., illus., diagrs., charts, 

tables, 12 X 9 m., $4.00.- A number of 

leading American authorities has assisted 
in editing this description of accepted 
practise in the design, construotioii, and 
operation of underground systems of 
electrio distribution. Cables and their 
insulation, conduit aud manhole design 
and construction, cable installation, 
splices and terminals, cable operation, 
miscellaneous equipment and safety prac¬ 
tises are discussed in detail. A bib* 
liography of over 4,090 references is 
appended to the report. 

Annual Survey ov American Chem¬ 
istry, vol 5, 1930. Edit, by C. J. West. 
N. Y., Chemical Catalog Co., 1931. 
629 pp., diagrs., tables, 9 x 5 in., cloth, 
$5.00.-^A concise summary of the prog¬ 

ress in pure and applied chemistry made 
in America during 1930. This va uable 
review contains much to interest engi¬ 
neers, especially in the sections upon the 
X-ray examination of metals, the metal¬ 
lurgy of iron and steel, water, sewage, 
cement and concrete, coal, petroleum, 
gaseous fuels, and paints. Tne references 
to sources are very extensive and com¬ 
plete. 
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Selected It ms From 

Engineering Index Service 


4^ELiECTBD references to current 
electrical engineering ajrticles from 
Engineering Index Servicers review of 
some 2»000 technical periodicals are 
given in the following columns. 

All articles indexed aire on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 

Alloys 

MAONBTIG. Nickd-lron Alloys and Their 
AppUcation to Instrument Oonstruction, F. E. J. 
Ockenden. Jl. Set Instruments, vol. 8, no. 4. 
Apr. 1931. pp. 118-117, 3 Am. Investigation 
into magnetic properties of nickel-iron ernes has 
resulted in production of new class of magnetic 
materials, these materials having characteristics 
which render them superior to more usual silicon 
steels when used at inductions of less than 5.000 
lines per sq. cm.; composition giving hipest 
p(^ble initial permeability is very^oseK 78 
per cent nickel. 22 per cent iron; magnetuing 
and cor loss curves. Bibliography. 

MAONOTIG—HIPERNIK. PermeablUty 
of Hipernik Reaches 167.000, T. D. Yensen. 
Elec. J/., vol. 28. no. 6. June 1931, pp. 886-388, 
8 To give^ electrical engineer data from 
which he can judge or calculate relative advan¬ 
tages obtainable by using hlpemlk, representa¬ 
tive curves are given for hlpemik and for 4 
per cent ailioon iron. 

Alternators 

COOLINO, Systdme do protection pour 
altenmteurs v^tuds en circuit fmnd (Protec¬ 
tive Devices for Alternators with <^cula^g 
Air Ventilation), E. Haveaux. Science ei 
Industrie. YOl. 15. no. 208, May 1931, pp. 220- 
222. 4 ngs. Review of increasiiigiy severe 
conditions that high capa^ty turbo-alternators 
^ye to withstand and reasons why clc«^ circu¬ 
lation ventUarion is more and more applied: 
defleienoy of actual protec^ve devices in event 
Qt accidental failure in supply of air cooling 
water; shnnle device adapted to Valen^ennes 
power plant alternators which, while consuming 
no amdlia^ power, automatically converts 
ventilation into open circuit rirculation. 

Ares 

On the Theory of the Mercury Arc. K. T. 

pp* ^ Theory of heat baliwee 

at ^wode Is e^nd^ by introduction of accom¬ 
modation coefficient of neutralized, ions, by 
evaluation of all processes which absorb energy 
gained by electrons in cathode fall space, and by 
oonrection of previous assumption that Aelds 
sufficient to extract electrons will affect heat of 
neutralization of positive ions at surface. 

Po^tial Drop and Ionization at Mercury 

Oathode, E. S. Lamar, and K. T. Clompton. 

May 1981, ppTl069- 
1076. 4 Age. By means of movable Langmuir 
cpllytor, potential, ion concentration and 
Mectron temperature were measured at various 

at various arc currents: re^st^cated cat^de 
<Rop.bf IQ.O volts, and small negative potential 
gradient beyond fiJl space which was more 
pronounced at larger currents. 

Cables 

.^OTIBATHS, Cable Sheath Damage and 

X27. >M4y 1931, 17 pp.. 17 Ags. 35 operating 
contributed information on^’^ln^ 
Indicated toward 
asbestos and cement 
damage by d-c. electroly- 
28-5^ stray currents is in most cases being 
toitibatted; much corrosion has been 
concrete dnet. due to diei^S 
*“ 

ctwories for Underground Oabl^. Ned. Elec. 


Light Assn. — Pub., no. 119, May 1931, 12 pp., 
12, figs. Oompanies using oU reservoin in 
which air or gas is In contact with oil under 
pressure report satisfactory operation; various 
tyi^ of reservoirs manufactiired have proved 
satisfactory; some companies have foimd some 
of ^llows type reservoirs to have rather short, 
useful life; in few cases, accessories and fittings 
have become defective in service. 

Circuit Breakers 

Fundamentals the Essence in Circuit Inter- 


^ — --- admittedly 

^mplex, but clarity wUl result if fundamental 
hapiMtt^s hi all types of breakers are segre¬ 
gate from those whic^ make one type behave 
differently from another and even one model 
A^m another of same general type; much of 
confusion surroimdlng subject of circuit inter¬ 
ruption results from failure to recognize common 
elen^nts of all methods of circuit breaking as 
distinct from factors introduced by variations 
in design. 

_ The Bxpantion Circuit Breaker. F. Kemelrlng, 
108, no. 2791, May 22,1931, pp. 

*8®* trnderlylng principles; charac¬ 
teristic carves showing breaking distance; 
abiadatic expansion; entropy: saturated water- 
vapor pressure temperature; circuit rupture 
osciUograms; transportable w^ffi-mounting, and 
outdoor types of expa^on clrcidt breakers; 
illustrated comparison as to size between expan¬ 
sion and oil breaker chambers. 


199-208. 9 figs. Successful steel plant of future 
will be one that maintains well planned pro¬ 
gram for inmrovements in their auidliary drives, 
as well as fbr their main drives below 30 hp.; 
matter seems of minor importance, but when we 
consider that total investment in eleotricU 
auxiliaries usually exceeds total investment in 
main drivos it becomes apparent that careful 
consideration is justified. 

How to Gtet the Most Out of Control in Steel 
Mills, P. B. Harwood. Mainiejiance Ena., vol. 
89, no. 6, June 1031, pp. 294-296, 3 figs. 
Requirements for maximiun service are s^ect 
oontiol designed to meet conditions of Instal¬ 
lation; apply proper motor and control for drive; 
install equipment properly; maintain It 
adequately, 

LOOMS. The Individual-Motor Loom Drive 
as Viewed Today, W. A. Mayor. Textile World, 

, OIL WELL PUMPING. Electrical Instal- 
lation of Motors and Transformers, B. L. 
Sjpaugh. Oil Weekly, vol, 61, no. 4, Apr. 10. 
1931, pp. 89-41 and 44, 5 figs. Notes on equip- 
ment of Wo Bravo Oil Oo.. in Gulley, Humble, 
LuIJ^. Pierce Junction and Saratoga oil fields; 
outline of approved practise; motor housing, 
foundation, and installation; transforma*s; 
power lines for pumping circuit: lighting circuit; 
general maintenance; hazards ofaf^trlcal work. 


Conductors 

IRON AND STEEL PLANTS. Oottdactora 
Of Hea'^ Alternating Currents, D. I. Bohn and 
H. W. Pabst. Iron and Steel Eng., vol. 8, no, 
6, June 1931, pp. 253-256, 7 figs. Detign data 
and curves for h^vy conductors to steel 
mills; it is desirable to limit conductor tempera¬ 
ture riM to 3 deg. cent,, largely to assist in 
maintaining reasonable temperatures of con¬ 
nected — ^-" -* * ■ * * 


ratings for pairs of idumtoum channels arranged 
to form square, temperature rise 30 deg. cent, 
over 40-deg. cent, ambient, at 60 cycles. 

Dielectrics 

Dielectric Properties of Matter. 8.0. Morgan. 
Bal Laboratories Rec,, vol. 9, no. 10, June 1931, 
pp.^2-469,7 figs. Molecular study. It is shown 
that metiiaae is symmetrical and therefore non¬ 
polar: that in non-polar molecule centers of 
opposite charge coinmde, in polar molecule they 
do not; potoutial appll^ to polar sdbstance 
tends to shift Its moIeKmles from their random 
orientations: tetrachloromethane Is symmetrical 
and therefore non polar, etc. 

;e as a 
lectric 


Electric Equipment 

^IRON AND STEEL PLANTS. Electrical 
Devdopmonts Oommittoe Report—1930-1931, 
W. H. Burr. Iron and Steel Engr., vol. 8, no. 
6, June 1031, pp. 233-240, 12 figs. During 
year 1930, 109 main roll drives of 800-hp. or 
over were installed as compared with totm of 
^1 dur^ previous year; total hp. in main roll 
drives installed during year was 158,440 as 
compared with totd of^313,000 during pre'rious 
year; charts showing installed power In various 
types of mills. 

Electric Power 

Tradition Broken with AU- 
Elwtric BuUdtng, H. T. Crane. Elec. West, 
ypl. 66. no. 5, May 1. 1931. pp. 228-232, 17 figs. 
New h^quarters of Southern California Edison 
practical application of 
electricity for all requirements of modem office 
structure; complete building equipment designed 
for 100 per cent utilization of electric energy; 
system and equipment is described. 

LUMBER INDUSTRY. Electric Power to 
the Lumber Industry, A. H. Onstad. Timber- 
man. vol. 32. no. 7, May 1931. np. 36-39 and 42. 
9 figs. Htohlv specialized appucations of motor 
dri^ evolved for western sawmill and logg^ 
service; review of specific application of electric 
power and equipment. 

Elevators 

ELECTRIC. Miniature Elevator Enters the 

TAMftA ^ ^ *3#-^ Vi _. AD. 


BREAKDOWN. Breakdown Vol1 
Function of Electrode Area and 
Homogenrily. M, O. Holmes. Franklin Inst.^ 

JL, vol.^2li. no. 6. June 1931, pp. 777-779. 

If number of samples of insulation, all an- 
parently similar as regards composl^n.^cC ll-Ilgllieenilg 
new and ^ea. are subjected to breakdown tests 
made under identical test conditions, they will 
not all fall at same value of voltage but. due to 
inh^nt ,inhom<«enelties to composition of 
todividual samples, will show variations in 
breakdown voltage; number of tents made in 
samples of unit area; voltage distribution of 
results represented is analyzM. 


uouwoio, caueu "incunator,” is traveimg oar 
or chain mounted on roller truck running in st^ 
channel ,alone one side the stairway: wen not 
in use platform and two seats fold up in single 
movement a g a i n st metid back, requiring only 
five in. of space: car designed for vertical ascent 
is used when stairs are winding. 


Edncatioii 

ULLUMINATINO ENGINEERING. Edu¬ 
cational TJwtotog in the lifting Art, P. S. 
Mlw. Ilium. Eng. Soc. —^Trons., vol. 26, no. 
5. May 1931, pp. 415-423; Paper was prepared 
at request of committee wbtoh organized present 
symp^um on tratotog for li^ttog work; it 
puts forward writers view that scope of llghtiim 
art is 80 brocLd tiiat it requires of succewfiu 
pra^tioner, a comprehensive acquaintance 
with funda m en tal s of science and of art with 
bro^ cffitoral background: without discunhig 
to detail procedure in lighting education, it 
offers suMiestion that models may be emidoyed 
advantageously in such training. 

Electric Drive 

IRON Aim STEEL PLANTS. Blantrinal 
ATUdtote in StMl Smia, D. W. Dean. Inn 
and Steel Engr., voL 8, no. 6, June 1931, pp. 


PN O^twy of Electrical Engineering, 

O. F. Scott. Engrs* Soc. West. Po.—Pmc.. 
:^1. 47, no. 4, Apr. 1981. pp. 224-225, 16 figs. 
BUstoiica] renew of devi^pment; conditions 
50 years mo; electricity to steel industry; 
mining and traneportation: ; 

electneity supplants muscle, skill, and judgment; 
wls. methods, and men; data regarding elec- 
tri<^ devtiopment; new todustriu revolution: 
pi^lems created by electricity; chronological 
ro^w of ^e^one with speoal referaice to 
Pittsburgh district. 

^ INFLUBNCB^ON CIVILIZATION. The 
• —^Hto Part to ihresent and Future 

Oiyili^tion, 8. S. Apitotz. Professional Engr., 
vol, 16. no. 5. May 1031, pp. 4-6, It is claimed 
that, just as engixtoer is leader in briiMtog about 
pr<^ttCtion, imd invention of labor^vi^ 
d^cw, he am with equal effect bi^ about 
solution of problem that must besolvedto order 
to eUminate repetition of subh times as world is 
passtog through today. Before Am. Assn. 
Engrs. 

Engmeers 

^ D<An», A. D. Bail^. 
Elec. World, voLOr, no. 24, Jtme 13, 1981. pp. 
11^1147. As our indua&y develops, /as SSt 
service expands to its present fields aim extends 
into new, technical details involved and prob- 

ELBOmCAL Encunbbbing 



lems to b6 met are boomd t^nc^ 
to dtmiwiteii botb in Importance; 

endneerswiU be needed wh not only posses 
SS^Sucal are weaeed 

imSliSwtloii and imagination as weU; men 

wh are trained to anai™ and to t^siOT^t. 

Before Nat. Blcc. Light Assn. Annual 
yention. 

Gages 

PnBZOBl.BCTRI& . Ka*o-BIect^ Oace 
and Amolifier. B- A. Webster. Franklin Inst ,— 
MwlMt, PP;W^}6, 7f~ 
Brenure gage was digued and built u 
cartildg ^urobakeUte; within was plL 

pU 0 F 21 Quartz crystals, oaoh 0.69 In. sq. by 
0.068 in. tack, they separated by plati¬ 
num. electrodes; screwed brass ends hdd mem 
in cartridge which was then sealed with bees¬ 
wax; 8/fhi. piston bore upon this pUe: thte 
gage hM givenvery good service and although 
of cr^tals oracked, no loss In sensitivity 
has been noticed. 

GalTanometers 

SUSPENSIONS. Note on Julius Suspen¬ 
sions. M. J. Brevoort. U. S, Bur, Mines — 
Repcrt of Inoestiffcdionsp no. B. 1. 3080, Mar. 
1931. 2 pp., 1 ng. on supp. plate; see also 
Jnsirumenis, vol. 4. no. 6. May 1931, PP. jW7- 
278, 1 fig. Besearch work in Bureau of Mines 
cryogenic laboratory requires use of hlgh- 
senmvlty galvanometers of d'Arsonval type in 
building that is subject to unusually severe 
'Orations; modified form of galvanometer sus¬ 
pension described by Julius in Annalen Physlk- 
alische Chemie of 1895, has damped vibrations 
successfully. 

Generators 

D«G. DESIGN. Relation of Ooil and Brush 
Current In a Direot-Ouirent Machine, B. M. 
Baker. Elec, JL, vol. 28, no. 6, June 1931. 
pp. 888-886. 8 figs. General expression for 
current and voltage relations in armature cofi; 
magnitude of circulating current in brushes: 
effect of over-compensation. 

WATERWHEEL. A Comparison of Excit¬ 
ers for Waterwheel Generators. T. J. Woth. 
Elec, JL, vol. 28, no. 6. June 1931, pp. 343<844. 
8 figs. There are three principal tsrpes of 
exciters for waterwheel generators; direct- 
connected. separate turbine driven, and motors 
generator set: advantages and disadvantages of 
each have important bearing on design and 
cost of complete station. 

Heating 

_ HEAT STORAGE. SoUd-Oors Tbermal- 
Storage Heating Units, L. G. A. Sims and 
K. B« Sturley. Engineering, vol. 131, nos. 

—Vi '*"10, f"— “ 


nimt In cases where single small rooms and sin^e 
offices have to be heated; for this purpose, unit 
tape of heato Is needed, having loading of few 
lolOTra^ capable of being installed with¬ 
out alt^tion to strucmire of building; results 
cf exp^hnents imule in Electrical Engineering 
Depajianent of University of Blrminghi^ on 
one of best Continental heaters, and develop¬ 
ment of greatly improved design. 

Hootw Dam 

Hoow Win Provide 1.000.000 Hp. 

■’■ol- 88. “O-12. June 16.1981. 
im. 648-6^, 2 fi^. Great project of Bureau of 
Bedamatton 730 ft. high at Blade 

Canyon on Colorado Blver, power plwt, diver¬ 
sion and water control worra and otner features: 
generm wxx and action of Hoover dam, show¬ 
ing coneraaxns and diversion tunnds. 

Hjdrodectric 

rOE^ DEVEIAIPMBNTS. a Power 0e- 
vdopment Oolximbia River, T. B. Porker. 

5®' ^ ifflend bydroeleotric 

of Wenatchee, Washington is 
bnilt fo r ^ et Sound Power and l3fft Oo.; 

**nve several novel'features. 

Pow«r Plants ^ • 

*J¥K2!2L«5?^*AP'5!!, IWnped storage 
^ ®*5S*^**®n« L. P. iforza. ‘'piwer Plant 
Sng„ vtjj. 86, mo.^s, Jnne 1, 1981. pp. 697-601, 
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4 figs. Methods of storing energy on large 
commercial scale; European practise of pumped 
storag power: pum^fed storage plants in 
G^many; design and operation features of 
several laige plants in Germany; list of advan- 
t^es and disadvantages of hydraulic storage: 
efficiency of converdon; eoonoufical capital 
expenditure limit. 

REMOTE CONTROL. Automatic and 
Remotely Controlled Hydro-Power Plant. 
A EG Progress, vol. 7. no. 6-6. May^June 1981, 
pp. 99-106, 8 figs. Review of automatic and 
remotely oontr^ed plant on basis of esroerience 
accumulated by AEG is construction or numer¬ 
ous automatic hydro-power stations for output 
totalling well over 100,000 kw.; important 
factors requiring study when planning electrical 
section of small and medium sIm staaons. 

Insalattng Materials 

RUBBER. Rubber for Electrical Uses. A. B. 
Dunton and A. W. Muir. Elecn,, vol, 106, 
no. 2762. May 8, 1931, pp. 679-681. 1 fig. 
Vulcanization: tapes, flexible wire and cable 
Ixisulation; ebonite and volcaaito; molding 
difficulties. 

SPECIFICATIONS. Report of Committee 
D-9 on Electrical Insulating Materials. Am, 
Soc, Testing Mills—Adoance Paper, no, 74, 
formtg. June 22-26,1981,25 pp., 8 figs. Recom¬ 
mendations affecting standards and tentative 
standards; subcommittee I on insulating 
varnishes; subcommittee II on molded insu¬ 
lating materials: subcommittee on sheet insu¬ 
lation; subcommittee lY on liquid Insulation; 
subcommittee VJI on electrical t^ts; section A, 
of subcommittee IV. on neutralization methods 
for dectrical insulating oils: electrometric 
methods for determination of neutralization 
number of mlnerid insulating oils. 

Lamps 

INCANDESCENT. Report of the Lamp 
Committee—June. 1931. Nai, Elec, Llgnt 
Assn, — Pub,, no. 136. June 1981, 8 pp., 10 figs. 
Statisticfd data, covering Incaudesoent-lamp 
industry; lamp developments that have taken 
place duriug year; importance of apply^ 
proper voltage lamp to obtain mosb eoonomioal 
ana best results. 

TUNGSTEN. Production of Color from 
Tungsten Lamps. M. Lucldesh. Elec. World, 
vol. 97, no. 14, Apr. 4,1981, p. 646, Amount of 
light emitted in each of spectral regions by 
vmous sizes of tungsten lamps is listed. 

lighting 

The Art of Illumination—tl. J. W. T. Walsh. 
Jllum. Engr,, vol. 24, May 1931. pp. 111-114. 
Specimen installations In many dtflwent classes 
problems ordinaimy met with In 


of lifting 
practise. 


AUTOMATIC CONTROL. The Automatic 
Control of Lighting Installations. E. H. Vedder 
and 8. G. mbben. Ilium. Eng, See, — Trans,, 
vol. 26, no. 6, May 1981, pp. 617-528 and (dis¬ 
cussion) 523-526,8 figs, on supp. plates. Chang¬ 
ing customs and requirements that impose 
more difilcalt demands upon manual control of 
many lighting circuits, have brought about 
logical development of automatic light-sensitive 
switching devices; photoelectric tube constitutes 
foundation of automatic control units, which, 
with its accessories and typical assembly, is 
described briefly; several actual and some sug¬ 
gested applications are mentioned, that seem 
destined to widen servioa to which artificial 
li^t will soon be put. 


Electric Light on Metal in 
Ohite. Elec, Specifications, 


BUILDINGS. 

Architecture, B. _ _ ^ __ 

voL 3, no. 5, May 1981, pp. 14-22. 11 figs. 
First of series of articles on materials in combi¬ 
nation with electricity; examples showing 
effects of amber light on nickel gnll and alum^ 
num leaf of recessed light source, waDa of black 
marble of li^t on iil<^-ohrome steel of reflec¬ 
tor casings, crestings of store fronts and doora 
red marble walls with butt veining on corrugated 
white metal backing of recess, grffle of carved 
satinwood painted in polychrome: lighting and 
floodIighti]& fSaatores of various outstanding 
buUdings orrecent date are illustrated. 

ligbtniEg Arregters 

TESTING. Oaau>de-B»rOaeUlo8i»phT«Mt 
Arrester Production, O. A. Ackermann. Elec. 
World, vol. 97, no. 19. May 9,1981,p. 866,2 to. 
Oritttion for aceeptabilita of unit blocks wmiw 
make up autovalve . lightning arrester Is volt- 
ampere curve; Westfn^ouse Electric 3c Manu- 
facturhig Company is ushig cathode-ray oscillo¬ 
graph in connection with surm generator for 
purpose* of test^; osdllogra]^ used for this 
purpose is of ji6ass tube tarn devdoped in 
Westinghouse Company rigmally for teieviston 
purposes. 


lightning Protection 

HIGH TENSION LINES. 220-Irw _ 

on liong Line, O. O. Dill. BiecT W^Ya 

no-.l^ M«y 2 ,1981. PP. 804-80a;6^“' 

electric power conamfeslon of <5iitaSo rSSntiv 

has pl^ on 220-kv. side of 

near Toronto uniquo and notaW^SstaJn^So ^ 

four S-phaae SV autovalve 

protect!^ problem was dillcult* 

require 22 units to handle thSe dynai^e^veiS 

vrftaee conditions of 266 k^a^T^^omd' 

wie^ that wore decided upo^ t thero^o 

requirements by new and very unique dSgn. 

Lend Speaks 

A Loud Spmtker Good to Twelve Thousand 
Ojyi^ L. G. Bostwlct Bell Loioro/orfes N™.. 
vol. 9, no. 9, May 1931, pp. 433 - 43 fi r «« 
In loud speaker unto dJe^ssion l^tbra Sat 
usuaUy cause high fiequenties to be suppressed 
have been tfikeu into consIderaMon: dlaDhrSm 
is m^e of .002-in. duralumin and is mSe^er 
one inch in dlame^; moving coil of aluminum 
ribbon wound Mgewise is attached to dla- 
giregm at periphery of embossed section and 
vibratM in very strong magnetic field In usual 
way; diaphragm aud moT^g coll weigh to¬ 
gether but 160 mg. 

MOVING COIL. Tbe Moving Ooil Loud 
Speoto, H. M. <3^ke. Experimental Wireless, 
ypl. 8, no. 93. June 1Q31, pp. 804-30^ 2 figs. 
If no aUpwanco is m^e for possible changelSi 
electarlcal constants, dimamic impedance attrib- 
u^ to moving system and measured by 
difference of input resistance and reactance of 
system when in motion, Ipom those of system 
at rret, ^y be (tonslderebly in error; with view 
to observiiig possible existence of such changes, 
author has carried out experiments. 

Magnetic Ebrdening 

ME*^IA Hardening Metals by Rotating 
Magnetic Fields. B. G. Herbert. Metallurgia, 
vol. 8, no. 18, Apr. 1931, pp. 219-221, 8 to. 
Author describes his discovery of remarkable 
changes produced in metals by action of rotat¬ 
ing mamietic field; hardening of alloy steels; 
application to non-ferrons metals, such as 
duralumin, rod brass and brass sheet. 

Hardening Metals by Rotating Magnetic 
Fields. B. G. Herbert, Metallurgia, vol. 4. 
no. 19. May 1931, pp. 9-13. 17 figs. New 
develo]^ magnetic phenomena is apimcabl to 
hardening of tools of any type or demgn; treat¬ 
ment occupies not more tn^ tw xninutes at 
temperatures not exceeding 200 deg. cent.; data 
on experiment with alloy steds, duralumin and 
brass: Graphs indicating results and comparison 
with other hardening processes. Bibliography. 

Magnetic Testing 

IRON AND STEEL. Ration Between 
Magnetic Properties, Impact Strength and 
Hardness, H, StyrL Am, Soc, Testing Mails .— 


magnetic analysis, formed to investigate 
relationship between magnetic testily and 
Impact strength and hardness; results are 
summarized in graphical form. 

Magnets 

DESIGN. Permanent Magnets for El^ 
tronic Instruments, W. H. Hopp^^ 
voL 2, no. 6, May 1931. pp. 686-638. 8 to. 
Permanent magnets represent inconspicuous out 
Importaut part of many electronic device, e.^.. 
measuring instruments, sound pickups aM ot^her 
wdl-known apparatus: principles of design r 
such magnets are described. 

Measurements 

Accurate Measurement of Bl^trte 

Charges by a NuU Method, L.S. Taylor. U.S, 

Bur. Standards^Jl. Research, vol.. 6. no. 5, 


redu^on 

in calibration error to one-^enth; whjnL^stom 
is once calibrated In manner 
unknown capa^ty whatever may w 

leads without affecting measurement of d^^ 
quantities: applications to measurements or 
current, charge and capadly. 

Measuring Instnunents 

Electrical Maintenance 

Greenwood. Rower Plant Eng., yoh 95^,^, 

June 15,1931, pp. 669-670,4 figs. tSS 

Insulation tests with diim^on 
instruments used in making them, accurate 
resistance meosurem^t. 
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Metering 

THKEB-PHASE. The MeteriM of Three- 
Phase Snpplies« O. Howarth. Instn, Eiec, 
Engrsj—JL, voL 60. no. 413. May 1631. pp. 
637-646. 3 figs. Discussion by A. B. Moore. 
A. B. Jepson. A. M. Strickland and others, of 
paper previously indexed from Issue of Mar. 
1931; euso reply by author. 

Metm 

M ter Oommittee Reports. EUc, West.^ vol. 
60, no. 6, May 15. 1931, pp. 386-401. 28 figs. 
Reports of Pacific Coast Bi^ric Association on 
meter obsolescence: reactive kva. metering: 
special tests and investigations; determining 
ground resistance: calibration of high voltage 
potential transformers using standard of differ¬ 
ent volt^e rating; osciliographlc measurement 
of time intervals: tests on various forms of 
r^ye; operating problems of meter deiuirtment. 

Motors 

CAPACITOR. The Design of Capacitor 
Motors for Best Starting Performance, B. F. 
Bailey. Unto, Mich. — JDMi. Eng. Research — 
Eng. Research Bul.t no. 19. Apr. 1931, 23 pp.. 
12 figa Having been eftlled upon to 
large number of capacitor motors, writer has 
eudeavored to aimpllry fundamental theory and 
methods of making necessary computatlODs: 
portion of theory which relates to locked or 
starting torque of capacitor motors is presented 
in its simplified form. 

SOinRRBL GAGE. Fufi-Voltage Starts 
Simplifies A-O. Motor Applications, B. w. 
Henaerson. Power^ vol. 73. no. 20, May 19. 
1931, pp. 770-772. 7 figs. Squlrrel-cage motors 
have developed that can be stmrted by 
connecting them mrectly to line and yet main¬ 
tain inrush current within N.B.L.A. recom¬ 
mendations; these motors have full-speed 
characteristics practically as good as those 
started on reduced voltage, and employ much 
simpler and less expensive starting equipment. 

THREE-PHASE. Three-Phase Commuta¬ 
tor Motors for Cutouts Up to 16-5 kw.. M« 
Mogensen. Brown Boocri Her., vol. 18. no. 6, 
June 1931, pp. 187-195, 22 figs. For many 
years Brown. Boverl & Co., have made com¬ 
plete range of three-phase commutator motors 
intended lor textile industry for variable speed 
Individual drive of ring spinning and twisti^ 
frames: toey have also found many other fields 
of application; range of motors has undergone 
repeated improvements; new series of tbree- 
phase commutator motors thus formed is 
described in greater detail. 

Networks 

CURRENT CONVERSION. PUumlM Sue- 
cesslve Steps in Network Cut-over, O. W. Bvans. 
BUc. World, vol. 97, no. 20. May 16. 1931, p. 
9<W, 1 fig, , 13-kv. feeders form^ nucleus from 
which small sections were gradually enlarged 
until two or three sections could meet an d 
morge into one; tills graduid expanding of 
smaUer section was greatly slmpUfled by 
secondary Junction boxes, which were alrea^ 
iostuled in most manholes; since these boxes 
are provided with links It was simple matter to 
sectionalize new system from old. 

. A Non-Matiiematioal Analysis of 

the hleasurement of Symmetric^ Components. 
^ P* ^3rwapd. Elec. JL, vol. 28. no. 6. June 
1931. pp. 361-857, 17 to. Simpl^ non-mathe- 
matiem analysis of physical basis of measure¬ 
ment. Bibliography. 

1 OVERVOLTAGES. Over-Voltage Prob¬ 
lems. A. H., Von Altmann. Engineer, vol. 151. 
na 3934. June 6. 1981, pp. &4-635, 5 to. 
Att^npt is made to show mat most dangerous 
overvoltages are caused by direct Umtohig 
strokes; proposals submitted in recent years 
for i>rotedting overhead lines and plant; appara¬ 
tus used for tombating overvoltage phenomena. 

_ UNDERGROUND. Underground Systems 
National Electric Light 
too^tipiL N, Y.. The Association, 19817877 
pp., litw., dU^., clu^. tables, S4.do. Num- 
»>« lead^ American authorities have 
this description of accepted 
practo in deato. construction and operation 
systems of electric dlstrtSitton; 
their insulation, conduit and man- 
h(^ design and conatmetion, cable iniitikiia ti An . 
splloes andterminals. cable operatiorumSeti- 
iMieom . .gntpmmt praSteSnS« 


(Nunioeters 


ACUUM TUBE. A Thermionic Megg* 
^ fltuhhnan. Frwmi 


YAi 

owe, V. Otoniinan. Frariklin 
vol. 21L no. 5. MaS^l. no 617- 

700 


of given phase of characteristic can be shorn to 
change in proportion to ch^e 
resistance it should follow that for pre^termlned 
current, voltmeter recording potoit^ 
filament and plate can tiien be calibrate to 
read resistances directly; voltmeters linear 
scale is then direct reading megohmmeter. 

Photoelectric Cells 

Oonceming the Grid-Leak of a Grld-Phpt<^ 
electric Tube. T. Asada and K. Hagita. Inst. 
Elec. Engrs., Japan —J/„ voL 61,^ no. 2, Peb. 
1931. pp. 99-102, 6 to. In previous paper on 
*'Super8ensitiye Photoelectiic Tube,^ It Is 
reported that so-called grid-photoelectric tube 
or grid-tube is much more sensitive than other 
ordinary photoelectric tubes, and it has no 
phenomena of time-lag and fatigue; in tbispapw 
it is reported that tins connection of griq mm 
filament through a high resistance, which is 
shnllar to grid-leak of a triode. Is very import^t 
for grid-tube. (In Japanese with English 
abstract on pp. 17-19.) 

INDUSTRIAL APPLICATIONS. Power 
Ck>ntroI by Means of Phototubes. W. R. G. 
Baker. A. 8. Fitzgerald and O. F. Whitney. 
Electronics, vol. 2, no. 5, May 1931, pp. 632-633, 
6 figs. Use of phototube in various fields; 
wiring diagrams of light-operated relay circuit, 
mtom controlling power by light beams, 
Belenium-Thyratron system for uliuninating 
control and smoke-density recorder circuit: 
color comparator by which phototube matches 
roast of coffee. 

Power Factor 

IMPROVEMENT. iUlgiim«at Oluirte for 
Power Factor Improvement, W. A. Barclay. 
Elec. Engr, Australia and New Zealand, vol. 8, 
no. 1, Apr. 15, 1931, pp. 19-22, 3 figs. Use Of 
two chaj*ts, which author has drawn up. In 
determining size of condenser required for 
correcting power factor of circuit by specified 
amount; charts bring calculation of corrective 
kva. to simplest possible terms. 

Power-Factor Correction Outs Costs, J. F. 
Wulfetange. Jr, Elec. World, vol. 97, no. 14. 
Apr, 1931. pp. 628-631, 3 figs. Industrial 
plants in Pittsburg^ Pa., are encouraged to 
correct power factor by new rate of 

Dnquesne Lig^t Co., offering low energy rates 
for high power factor demanos; capacitors have 
proved economical, effective means of rdtedng 
kw./kva. ratio either in supplementing or in 
substitution for simchronous machines. 

Protection 

HIGH TENSION LINES. The Petersen 
Coll for Power System Arc Suppression, W. P. 
Mainguy. Elec. News, vol. 40, no. 10. May 
15, mi. pp. 47-49 and 68,3 figs. Short review 
of European development; notes oii principle 
of coil which is applicable only to ungrounded 
™tem; solidly grounded neutral system; 
isolated neutral system; size of coil; oonnectlon 
of coil. 

Radio 

_ AMPLiriBRS— COUPLING. Theory and 
Operation of Tuned !Radlo-Frequency Coupling 
Systems. H. A. Whetier and W. A. MacDoni^ 
Inst. Radio Engrs. — Proc., vol. 19, no. 6, May 
1981, pp. 738-808 and (discussion) pp. 804-805. 
Gain of amplifier can be htid uniform or made to 
vary with frequency in any desired manner 
consistent with amplifying ability of tube and 
tuned secondary circuit, and without appreciable 
loss of selectivity; lai^e variety of these im- 

8 roved coupling circuits is shown and classified 
I terms of fixed and varying components of 
equivalent mutual inductance; number of these 
qoupU^ systems from commercial receive are 
described in terms of coil structure, electrical 
constants, and performance. 

BROADCASTING. Radio Network Broad- 
R. H. Owen and W. G. Rubel. Engrs., 
1931. pp. 6. 28-29 and 
85. 2 to. Discussion Is intoidkl to give more 
or less comprehensive idea of what Is involved 
in connection with network broadcasting* 
mej^t ^y program .transmission dreoite m 
United Sta^ are on “voice frequency basis’': 
in tran^tto programs over wire network, it 
is impqrtwt tmt volume range be held within 
pro^ Unfits; it Is one of obligations of one who 



under specified conditions Eckorsloy’s curves 
can be applied approximatoly to American 
terrain* 

DIRECTION FINDING- Tho PiactiaU 
Oorrection of a Wireless Diroction-fliidcr for 
Deviations due to the Motifiworlc of a Ship, 
O. B. Horton. Experimental Wircl^, vql. 8, 
no. 91, Apr. 1981, pp. 196-198. 11 figs. Brief 
review of errors that may^pccur w^duo to 
immediate surroundinra of direction-flndcr us 
in a ship. Before Inst. Elec. Engrs. 

TELEPHONE. SHORT WAVE. Single 
Side Band BhorirWavo^Wirdtws T5 ophoiiy. 
Engineer, vol. 61, no. 3932, May 22, 
pp. 670-571. 4 figs. New system of riMUo tclo- 
pbony in which single tide band is appliccl to 
short-wave transmission, vas domoii^.mtwl at 
expe^ental radio station of Material T6I6- 
phonique at Trappes, now Paris; ri^ulls repre¬ 
sent reward of long searcli for moans of applying 
single side-band method, with lie well-known 
advantages, to short-wave radio transmission, 
problem tiiat has hitherto pnssented almost 
m^moimtable dUficuUios. 

ULTRA-SHORT WAVE. Coinmuiiicatlon 
on the quasl-opti<^ frociuoncic»s, B. lCnri>lii8. 
Electronics, vol. 2, no. 6. June llKil, pp, 6CMMM17, 
4 figs. Problems in coinniiiniavtion waves hi 
Barahausen and ICurz rniigu; various labora¬ 
tory eqifipmoat; traiisinittor and rm^iver by 
I. T. Sc. T. experiments across English Ohaniiel 
on wavelength of 18 cm.; noU'S on problems of 
reception; ultra-high frequency wiivoiiieUTra. 

Railroads 

AUTOMATIC CONTROL. Aiil.iiiiuMe 
Operation at the Cleveland Union 'roriuinals. 
F. B. Jaquay. Gen, Jilec. Ileo., vol. 34. no. 6. 
June 1931, pp. asCKinO, 9 figs. Automatic and 
supervisory control whlcli Ims iimv Iksmi in huc- 
oossful operation for nearly a ynir on Cleveland 
Union Terminal Electrification Is very important 
part of this proieot whloli, at tiiiio of placing 
in service, was first application of 3,(MM) voUn 
d-c. for heavy electric traction In east: eli«- 
trified zone Includos total of approximately 17 
mi. of route and some 60 ml. of slugle track; 
importance of 100 per cent reltablUty In opera¬ 
tion of this system handling lietween lOU and 
150 trains doily Is stressed. 

REGENERATIVE CONTROL. Railway 
Regenerative Braking, J. A. Colacn. JCler. Reo., 
vol. 108, no 2793, Juno 5. 1931. pp, 945-946, 
4 figs. General improvomoiit in operating 
conditions, more tiion saving In energy cam- 
sumption, has Justified adoption of systiuii on 
Great Indian Peninsula railway. 

SIGNALS AND SIGNALING. The KlTect 
of Signalling on Track Capacity, O. R. Byroin. 
Inst. Transport — JL, vol. 12, no. 7, May IWIl. 
tm. 326-3^ and (discussion) ;M0-;i47, H figs. 
Bustoricol review of signal developments; auto¬ 
matic signals; route Indicators; timnual versus 
automatic signaling. 

SIGNALS AND« SIGNALING. AUTO- 
MATI<^ N. Y. O. Ro-aignals Tracks Entering 
Grand Central Terminal. Up. Age, vol. 90, 
no. 18, May 2,1931. pp, 856-85«. 3 figs. Train 
operation m either direction on each of finir 
tracks fadtttates trafllc and tneroates track 
^padty: track and signal plan of territory 
between Grand Oentnu Twmlnid and Mott 
Haven; outitno of now signaling systom. 

^™AIN CONTROL-CAB SIGNALING. 
TaWM the PUckor Out of Cab HlgniU Llghto. 


AAWRjr AIRIMIV 111 lIUUUUaUllH JIIUIUU- 

tions; Close attention to riilay plek-up vahios 
ana track drcult conditions will remedy trf>uWo 
causes of fluctuating Indications: typKal 60- 
wcle loop systom of continuous control, double 
to^k; typied coder continuous track circulle, 
track d-c. control and a-c. signal circuit. 

» Uimcolt Year 
for tho Elwtric Railways, B. J. Murpliy. 

1931. pp, 260-266. 
reduction In traffic and revenues pro¬ 
duced by business depression severely 
rosou^ of industry In 1930; ^yby 

efficiency and. in add!- 
S?ik ’ adjusting service to reduced volume 

confined operations of doc- 
tric railroad companies for 1929 and 1930. 


viewpoint of national coverage; It is shown that 


Rate Making 

w INDUSTRY. More Equitable 

^te Forms an Industry Obligation,^ T.O. 
Kennedy. B/cc.Wbri 4 f. vol. 97, no, 22, May 30. 
1^1. p, 1008, With rate schedules based on 
natural that our cus- 
b^ers ^ould Ipokrupon deetridty aaoommod- 

sswsssr«ffls«!,£r'““ 
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BSleSttbical Enginsiebing 


Reactive Power 


_METERING. Reactive Kva. Metering-^ 

VIII, B. O. Ooodale. EUc. West.^oh 66 , no. 6, 
May h 1081, pp. 233-284,3 figs. Three^ement 
meters give accurate re^tration of reactive 
Kva. on four-wire drooits If voltages are 
l>a]anced. 


Rectifiers 


MERCURY-ARC. Mercury-Arc Power 
Rectifiers—^Thelr Oonstruction and Operation, 
W. B. Gutzwiller. Poiner, vol. 78, no. 24, June 
16, 1931, np. 950-953, 7 Mercury-arc 

power rectiflers have In few years been developed 
to where they are now keen competitor of 
rotary converters and motor-generator sets; 
built in siz up to 6,000 kw., for voltages up to 
3,000 and to supply all kinds of d-c. loads: 
cross-section through large mercury-arc power 
rectifier: diagram of connections for O-phase 
manually operatedurectifier unit. 


be of sound design and construction so that 
breakdown is infre<iuent and apparatus shall 
be arranged so that it can operate under con¬ 
ditions for which it is designed:: dedgn of switch- 
gear, which is most important apparatus in sub¬ 
station, is very largely effected by characteristics 
of high voltage system and not entirely by 
service to be given by substation. 

AUTOMATIC. Automatic Switching Equip¬ 
ment in Industry, F. P. Brightman. Gen, Elec, 
Rev,, vol, 84, no. 5, May 1931, pp. 284-287, 4 
figs. Applications in mines, steel mills, paper 
mills, and glass industry preferred-emergency 
service: advantages derived from use of auto¬ 
matic equipment are elimination of full time 
operator, of difficulties attributable to IneflicieDt 
manual operation: reduction in feeder losses; 
redaction In number and duration of outage. 

METAL CLAD. Metal Olad Switchgear. 
Elec, West, vol. 6^ no. 6. May 16, 1931, pp. 
834^339, 9 fi^. Report on types used and 
typical installations by Electaical Apparatus 
Committee of Pacific Coast Electric Association. 


slents on system of Alabama Power O . have 
been recorded automattoally which showed 
clearly and shmrp^ ail but first cycle; Osisowas 
mounted on portable wooden base containing 
all accessories necessary for automatic operation 
and then used for taking hundreds of records in 
score of different studies. 

Transmission Lines 

DESIGN. Transmission Line Built Across 
53 Others, F. Oortis, Elec. West, vol. 66, no. 7, 
June 1, 1931, pp. 616-617. 5 figs. Design of 
62-mi. 110-kv. Interoonnectlon over 53 power 
lines, some of 66-kv. potential, 44 telephone 
lines, two trolley lines, 17 railroads, two state 
highways, 50-ft. water tower and seven houses 
between San Bernardino substation of Southern 
Sierras Power Co. and Los Angeles Gas and 
Bleo. Corp., Seal Beach steam eleotrlo plant. 

Welding 


Mercury Arc Rectifier for Blectrio Railroads, 
L. G. Raschkovsky. Blectriichesivo, no. 9, 
May 1931, pp. 466-469, 5 figs. Characteristic 
properties; advantages over mmchronous con 
verters; application on electric locomotives. 

3,000-Volt Traction Rectiflers. Engineer, 
vol. 151. no. 8988, May 29, 1931, pp. 606-607, 
2 figs. In electrification proaram by Delaware, 
Lackawanna and Western RaUway, for con¬ 
verting 60-cycle arC. into 8,000-volt d-c., mer¬ 
cury-arc recaflers were chosen, in preference to 
motor-generators, because of their relattvely low 
first cost, high efficiency, and ability to carry 
heavy overloads without loiuiyjother advantages 
m small floor space and simple foundations. 
From article, by B. L. Moreland, previously 
indexed from Gen. Bloc. Rev.. Mar. lOSli^do* 
classiflcation of Railroad Blectriflcationr—United 
States. 

Relays 

Hioa TENSION UNBS. Tlieory and 
Application of Relay Systems—Ground-Fault 
Protection of Loop Systems—^I, P. H. Robinson 
and I. T. Monseth. Elec,, JL, voL 28, no. 6, 
Juno 1981, pp. 875-378, 5 figs. For simple loop 
system consisting of one generating station and. 
having transformer neutrals grounded at only 
this one point, impedance or directional-over- 
current ground relays are most frequent 
applied; more complicated systems require use 
of other types of relays: loop system with one 
grounded neutral point discu^ed. 

TESTING- Some New Information Regard¬ 
ing the Installation and Testing of Brown Bovori 
Distance Relays, J. Stoeeklin. Brown Booeri 
Rev,, vol. 18, no. 6, May 1931. pp. 175-179, 7 
figs. Brown Boveri dis^ce relay protection 
has been adopted to great extent in snort time, 
and valnable suggestions have more than once 
been made by users with view to simplifying 
installation of relays, and also to render possible 
carrying out of peiiodlcal tests. 

Remote Metering 

The Midworth Distant Repeater. Elec, Engr, 
Australia and New Zealand, voL 8, no. 1. 
Apr. 15, 1931, pp. 22-24, 4 fitt. Instrument 
for providing remote indication of various values, 
ana of its application for measuring bulk 
electricity supplfed to Melbourne city council. 

Snbstations 

Laconia Avenue Distribution Station of the 
Bronx Gas and Electric Company, S. Wilder. 
Gen, Elec, Rev., vol. 34, no. 6, Jimo 1931, pp. 
874-876, 5 figs. Purpose of article is not to 
present details of deagn or operation of auto¬ 
matic supervisory equipment but rather to 
describe briefly typical substation, furnished 
with such equipment, and to sive some operat¬ 
ing data in regard to Instahation; ^ectrlc^ 
energy purchased from United Blectrlc Light 
and Power Co. is supplied over 13,200-volt 
feeders from this company’s Sherman Creek 
and Hell Gate stations. 

Switchboards 

MINIATURE. Miniature Seltchboardt: A 
New Type of Control Switchboard for Electric 
Power Stations and Substations, P. Spom. 
Gen, Elec, Rev,, vol. 84, no. 6, June 1981, pp. 
336-342, 10 figs. Purpose and development of 
miniature switchboard; description of board and. 
equipment; Installations; advantages: experlenee 
inaervlce. 

Switchgear 


Tel^hone 

Recent Development in Telephony, E. H. 
ColplttB. Military Engr,. vol. 23, no. 129, 
May^une 1931, pp. 24%^4. 9 figs. Growth 
and improvements In toll circuits: toll cable 
improvements: gas pressure testing of cable; 
open-wire circuits and voice-frequency use; 
cpen-wire carrier circuits; program translation; 
Cuba-Key West cables; radio telephone; 
improvements in wire insulation; private branch 
exchange telephone ssrstem; new order receiving 
equipment. 

CARRIER CURRENT. Current Carrier 
Telephony, A. C. Timmis. Jnstn, Post Office 
Elec. Engrs. — Paper, no. 131, for mtg. Feb. 11, 
1930, 47 pp., 23 figs. Carrier telephony over 
transmission lines with particular reference to 
lines used primarily for ordinary telephone 
circuits; general principles; transmission: present 
state of art in various countries; future dev^op- 
ment. 

inductive interference. Foreign 
Interns Co-ordination Committee Reports. 
Elec, VVesf. vol. 6, May 16, 1931, pp. 342^60, 
23 figs. Report of Padflc Coast Electric 
Assocwon on inductive coordination of Hoover 
Dam transmission line; Serjdetour telephone 
protector; power company tdephone line pro¬ 
tection; tests on soldered deeve joints in tele¬ 
phone line oonstruction: sleeve rolling tool and 
single tube sleeve; remote alarms over telephone 
circuits: radio coordination; common neutral. ' 

Inductive Coordination laboratory, E. L. 
Fisher. BeU Laboratories Bee., vol, 9. no. 10, 
June 1931, pp. 481-485,7 figs. To study under 
fully controUed conditions some of various 
effects of voltages induced in telephone lines by 
disturbances in neighboring x)ower circuits, 
assembly of equipment haa been made in 
laboratories. 

LONG DISTANCE—TOLL SYSTEM. 
Standard Switching Plan for Tdephone Toll 
Service, H. S. Osborne. Commercial Standards 
Monthly, vol. 7, no. 11, May 1931, pp. 351-852. 
Efficleney increased through improved coor¬ 
dination in nlaiming. desimiing. and lurrange* 
ment of toll plant; genSI pkmt described as 
comprehensive countrywide network of toll 
circuit fSeiUties connecting important switching 
offices over which practically all traffic, not 
handled by direct circuits, will be routed, 

Tdetypes 

The Engineering and Traffic Aspects of Tele¬ 
printer Development, A. P. Ogilvie and F. W. 
Dopson. Telegraph and Telephone JL, vol. 17, 
no. 194 May 1931, pp. 176-178, 7 Type 
of apparatus that is b3ng installed and general 
effect of its adoption on telegraph service as 
whole. Before Telephone and Tmegraph Soo., 
Lond. 


Testing 


HIGH TENSION UNBS. Fault Currents 
on IiO-kv. Line Checked by Service Tests, 
L. M. Robertson. Elec. West, vol, 66, no, 5, 
May 1. 1981, p. 285, 2 figs. Measuring false 
currents, potential gradients, and telephone 
interference on its new 110-kv, wood-pole, H- 
frame transmission line of Public Service Oo. of 
Ck>lorado, are described; two tirpes of structures 
were tested, one, with all insular and crossarm 
hardware bonded and grounded and connected 
to overhead wire, other type made fun use of 
wood for Insulation. 


Transients 


Substation SwitchgOar, F. O. Orchard. Elec, HIGH TENSION LINES. Automatic Re- 
Times, vol. 79, no.^2066. May 28, 1931. pp. oordl^ of System Disturbances, J. T. Johnson, 
968-964, 3 figs. Main principles underlying Jr. Elec. JL, vol. 28, no. 6, June 1931, pp. 
design of substation are that apparatus shall 336-389, 12 figs. With Oslso, records of tran- 


ARC. Research Covering Alternating Cur¬ 
rent Arc Welding, G. A. Hughes and R. O. 
McBridge. Iron and Steel Engr., vol. 8, no. 6, 
Jime 1931. pp. 241-246, 12 figs. Possibilities of 
a-c. arc weldmg, i, e.: chemical analysis of metal 
deposited, rate of deposit, ductuity, tensile 
strength, penetration, non-ferrous metal, elec¬ 
trical cbaraoteristics, and bare and coated elec¬ 
trodes, are investigated; test results are given. 

Study of Variablee the Basis of Progress in 
Fusion Welding, O. A. Adams. Power, vol. 73, 
no. 21, May 2$, 1981, pp. 813-814, 1 fig. Re¬ 
search has disclosed Importance of under¬ 
standing effects of metallurgical, chemical, 
mecbamcal and electrical variables on art of 
fusion weldl^, and has made po^ble its appli¬ 
cation to power plant equipment. 

CAST IRON. Cast Iron To-day, A. B. 
Everest. Welding JL, vol. 28, nos. 330 and 
331, Mar. 1931, pp. 80-83 and Apr., pp. 
102-106 and (discussion) 106-109. 15 fi^ 
Paper is presented in belief that welding engi¬ 
neers to-day are becoming increasingly inter¬ 
ested in application of their art to lUl engineering 
structures, among them castings, and therefore 
are interested in structure and nature of com¬ 
monest metal used for cast structures. Before 
Instn. Welding Engrs. 

ELECTRODES. A New Improved Elec¬ 
trode for Arc Welding Stainless Steel. Welding 
JL, vol. 28, no. 331, Apr. 1931, pp. 118 and 
120, 5 figs. New, improved electrode for arc 
welding of stainless steel has been recently de¬ 
velop by Lincoln Research Laboratories and 
is now bong manufactured by Lincoln Electric 
Co., Cleveland, Ohio. 

IRON AND STEEL PLANTS. Main¬ 
tenance Welding in Steel Plant Is Essential, 
E. L. Quinn, y/elding, vol. 2, no. 6, May 1981, 
pp. 320-324 and 331. Application of thermit, 
electric arc and oxyacetylene welding to various 
types of repair work; procedure in welding of 
8t^ cast iron, bronze welding of cast iron; 
surface hardening alloys; quallficatioin of 
operators. 


PIPE LINES. Progress in Arc Welded 
Construction of Oil Pipe Lines. J. F. Lincoln. 
Oil Weekly, vol. 61, no. 8, May 8.1031, pp. 67-68, 
72 and 76. 10 figs. Review of development in 
1980; physical properties of welded Joints; 
resistance to corrosion; ductility; welding 
procediue; tacking; rolling welds; tie-in welds; 
speed of welding; equipment; oil-carrying pip 
lines welded by new shielded arc process; lOiO 
mi. of pipe line containing 106,885 Joints faluri- 
cated or now under construction. 


PRESSURE VESSELS. Electric Welding 
Applications to Steam Pressure Vessels. Power 
Plant Eng,, vol. 35, no. 12, June 15, 1981, 
pp. 667,4 fli^. Electric welding of steam piplnn 
and directly fired steam drums has now passed 
experimental stwe of development and during 
past year and hatf number of noteworthy appli¬ 
cations have been made in power plant field; 
review of outstanding applications. 


UNITED STATES. Some Achievements in 
Arc Welding in the United States During 1980, 
L. D. Meeker. Sheet Metal Industries, vol. 5. 
no. 1, May 1931, pp. 49-50. Welded steel 
structares built in 1930; automatic wtiding 
machines; atomic-hydrogen welding. 


Welds 

TESTING. Testing Butt Welds by Mag¬ 
netic Methods, T. R. Watts. Elec, JL, voL 
2$. no. 6, June 1931, pp. 389-391, 6 figs. In 
magnetic testing of butt welds in steel, faults 
are detected because of their higher reluctanc : 
means of detecting regions of ^normally high 
reluctance, that is, faults, may be classified os 
**maifi^trcmphic Inspection’^ and measure¬ 
ments of leakage flux by means of weld-test 
meters. • 
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American Insulators for Egypt.—The 
Ohio Brass Company, of Mansfield, Ohio 
has received a third order for insulators 
and transmission line hardware to be used 
in connection with the extensive electri* 
fication projects of the Egyptian govern* 
ment, now nearing completion in the Nile 
Valley. This most recent order for 
suspension insulators and hardware fit* 
tings amounts to approximately $79,000 
and brings the total volume of orders 
received during the past twelve months 
for this project to $250,000. 

General Electric Reports Decreased 
Sales.—Orders received by the G^eneral 
Electric Company for the first six months 
of 1931 amounted to $141,428,978, com¬ 
pared with $190,313,758 for the corre¬ 
sponding period last year, Gerard Swope, 
president, announced today. Sales billed 
for the six months of 1931 amounted 
to $141,180,091.13, compared with 
$197,229,346.82 for the corresponding 
period last year. 

The National Electric Products Cor¬ 
poration, Pittsburgh, announces the open¬ 
ing of its own branch at 400 Potrero 
Street, San Prancisoo, taking over the 
stocks and active operations for the 
company on the Pacific Coast. Garnett 
Young St Company, who have for many 
years represented the National Company, 
resigned April 8 to take efiect July 15. 

The Square D Company of Texas, a 
subsidiary of the Square D Company, 
Detroit, recently opened its new factory 
at 3111 Polk Avenue, Houston, to service 
the southwest's electric equipment re¬ 
quirements. The Square D Company of 
Texas was organized in 1928 to serve 
the southwest wilh special switchboards, 
lighting and power panelboards, special 
motor control and standard Diamond E 
material. Branches are operated in Little 
Rook, Ark., Dallas and Houston, Texas. 

A New Safety Switch.—The Rowan 
Controller Company, Baltimore, manu- 
fibcturer of completely oil immersed con¬ 
trol equipment, has recently introduced 
a dombiufttion safety switchand magnetic 
oontsictor for use with small altemating- 
ouirent motors. The equipment can be 
funushed .up to. and including 5 horse¬ 
power, 220, 440 or 650 volts. The unit 
is compactly built so that it occupies a 
mimimim of widl space, and the fact that it 
’ is complet^y oil-immersed makes it vapor- 
^roof, weather-proof, and dust-tight. 

New Motor Stiirter.—^The Electric 
Controller St Manufacturing. Company, 
deyeland, Ohio, announce a new line 
of explosibn-proof motor starters, type 
: ZS, across-the-line, providing for full 
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voHage storting of squirrel cage motors. 
These starters may also be used with an 
automatic field switching panel for syn¬ 
chronous motors and for the control of 
the primary of slip-ring motors. An oil 
tank which contains the main Hue con¬ 
tactor, is equipped with a sight oil gage 
to indicate the oil level inside the tank. 
Bolted to the rear of the tank is an 
explosion-proof case which contains the 
overload relay panel and which also 
serves as a conduit conneotion box. 
Maintenance is greatly reduced, because 
the operating mechanism is alwa 3 ^ well 
protected against moisture and corrosion. 

Recent Westinghoiise Orders.—The 
Westinghouse Electric & Manufacturing 
Company announces recent orders that 
include a 25-kva. synchronous condenser 
and automatic control switching equip¬ 
ment for the Puget Sound Power & light 
Company. An order from the Manage¬ 
ment & Engineering Corporation, of 
Chicago, covers eight 2,500-kva. and 
seven 1,667-kva* transformers to be used 
to increase the capacity of the Indian¬ 
apolis Power & Light Company 33,000- 
volt load. The Commonwealth Edison 
Company has ordered the first alter¬ 
nating-current calculating board for com¬ 
mercial use at a cost of approximately 
$50,000. The board will be located at 
Chicago and will be used to determine 
system operating conditions under varionB 
loads and schemes of operation. Only 
two other alternating-current calculating 
boards are in use,— one is at the West¬ 
inghouse plant in East Pittsburgh and 
the other at the Massachusetts Institute 
of Technology, Cambridge, Mass. 

Burgess Radlovisor Bridge.—^The 
Radiovisor Division of the Burgess 
Battery Company, 295 Madison Ave., 
New York, has announced a., new light- 
sensitive cell representing ^e original 
development of British scientists, fol¬ 
lowed by the ingenious applications 
by German technicians, and fiuftlly the 
a^ptation of the cell and its circuit to 
Amerioan practise. The new cell or 
bridge consists of a tall glass tube with a 
three-pronged base amilar in general 
appearance to an ordinary radio tube. 
Inside the bulb and supported by two 
heavy lead-in wires is a plate of glass on 
the front side of which are two interlock¬ 
ing oomb-like electrodes of gold leaf 
fused in place. Covering these electrodes 
is a thin layer of light-sensitive enamel 
derived from selenium. Extreme rug¬ 
gedness is claimed for the new light- 
sensitive device, including the capability 
of handling , relatively heavy current. 
Eacfii bridge hae. TnAviTnum > rating of 


0.15 watt for 1.5 sq. in. of sensitized 
surface. The bridge is rated as possess¬ 
ing a high ratio of dark resistance to 
resistance when subjected to an illumi¬ 
nation of 10-ft. canoes, and is practi¬ 
cally independent of voltage. 


T..J. Lsieraiiiire 


Transformers.—Bulletin 170, 64 pp. 
Describes Wagner power transformers. 
Wagner Electric Corporation, 6400 Ply¬ 
mouth Street, St. Louis. 

Safety Switches.—Catalog 100-A. 
Describes Wadsworth safety switches 
and distribution panels. Wadsworth 
Electric & Manufacturing Company, 
Covington, Ky. 

Transformers.—^Bulletin 3006, 8 pp. 
Describes a new transformer for rural 
line service. AUis-ChaJmers Manu¬ 
facturing Company, Milwaukee. 

Blumiitation. — Bulletin ''Outdoor 
Sports Lighting,'' 16 pp. Includes speci¬ 
fications and photographs of t 3 npical 
installations. General Eleetiic Company, 
NelaPark, Cleveland. 

Motors.—^Bulletin 520, 20 pp. De¬ 
scribes Ideal 83 nio]ironous motors, 1 to 
3,000 horsepower. Dlnstrations, appli¬ 
cation data and dimension charts are 
given covering the Ideal flywheel type 
synchronous motor (patented) and six 
other standard types of synchronous 
motors. A rather unusual method of 
giving dimensions is used whereby the 
approximate dimensions of any of the 
various types of motors for any horse¬ 
power and speed rating may be obtained. 
The Ideal Electric & Manufacturing 
Company, Mansfield, 0. 

Resistors.—Bulletin 19, 2 pp. De¬ 
scribes "Ribfiex" vitreous enameled resis¬ 
tors. These resistance units consist of a 
metal alloy resistance ribbon, reflexed, 
wound on edge on a ceramic tube and 
banded at each end with heavy duty 
terminals. The entire unit is ^en 
covered with a fired-on vitreous enameh 
The advantages claimed for this type of 
construction over any other form of tube 
resistor include—greater area for hyt 
dissipation due to flat reflexed form of 
resistor element, wound on edge; hig^ 
wattage for continuous duty; higher 
wattage for intermittent duty; easily 
assembled in associated apparatus due 
to individual units being available in 
low values of resistance; rugged termi¬ 
nals fitted with screws and nuts permit 
mountiug by ^ terminals; classified as 
bare resistor ufider IJEMA and Under- 
wxiteia* rules. Ward Leonaril Electric 
Company, Mount Yemon, Y. 
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Power engmeors, parlimilnrly (.hoso 
engaged iu load*^chednling liotivitios, 
may be intorestod in an uiialyeis an<l 
comparison of different mothudH of 
generating station loading. (Sea pp, 
723-27.) 


An executive of ouo of Uw load- 

ing electrical manufacturing companies 
gives his conception of ‘‘Industry's Now 
Responsibilities," as related to tlio 
present business dojiression. (See pp, 
719-21.) 


institute officers and commit lees 
for 1931-32 recently have been an¬ 
nounced. (See pp. 771-6.) 


Judging from tho letters received, 
the Engineering Foundation series, "Has 
Man Benefftod by Engineering Prog¬ 
ress," has aroused considerable interest 
among the readers of Elbctiwoal Enoi- 
nbbiunq. (See pp. 766-7.) Tho second 
arMole of this group predicts further 
decentralization of industry. (See p. 741.) 


FURTHER example of ELnormcAt. 
EKOiNBonxNQ'B poUoy of reffeoting tho 
effects of engineering upon Ixuman rela¬ 
tionships may be found in a discussion on 
“The Engineer in Civic Affairs." (See 
pp. 727-$p.) Correspondence is invited 
upon any phase of this all-important 
subject. 


PORTION of the forthcoming 
Faraday centennial to be held in London 
^ be rebroadcast over the National 
Broadcasting C 9 pipany '8 network. (Sec 
p. 760.) 
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The Mokelumne 
Hydroelectric Project 


California’s latest hydroelectric devel¬ 
opment activities are centered- in the 
Mokelumne River property of the Pacific 
Gas and tElectric Company. This project 
involves the complete redevelopment of 
the river, from water surveys to power dis¬ 
tribution, and will make available a billion 
kilowatt-hours annually, ten times the output 
of a 1902 development on the same stream. 

By 

E. A. CRELLIN Pacific Gas and Sleotric 

Fdlow A. I. B. E. Company, San Francisco 


• Not often does an addition of 
gen^ting equipment to an operating system Involve 
all of tire features of a complete power system, from the 
study of water storage and usi^, all the way through 
generation and transmistion to the step-down sub¬ 
stations. It is this aspect of the Mokelumne River 
development of the Padfic Gas and Electric Company 
(Calif.) which seems to make it of more than passing 
interest. Hydroelectiric features are treated in this 
article; a companion article (see pp. 713-718) dis¬ 
cusses the transmistion and distribution problems. 

The Mokelumne River is one of the pioneer power 
streams of California. Its source is in Alpine County 
approximatdy 20 mi. south of Lake Tahoe at El. 
9,700 -whence it flows in a general southwesterly 
direction for some 120 mi. to a i>oint where its waters 
join the San Joaquin River on their way to the Padfic 
Ocean through San Frandsco Bay. The lower 60 mi. 
of the river is quite flat, lying at an devation of lete 
than 200 ft, above sea level. ’ 

The discovery of gold and its accompanying need for 
v^ter for mining operations brou^t about the first 
devdopments on the Mokelumne River in the :lbll of 
1867, A company fonhed in that year, and its suc¬ 
cessors continued in the water supply budness until 
the properties were acquired by .the Standard Electric 
Company of California in the late nineties for the pur¬ 
pose: of generating power for tranranisdon to San 
Frandsco, 110 mi. away. Electra power house and its 

From/*The Mokdinime Biver Doyfilopinoat of tbe Padfic Gas and 
Bleetirio Company,** (JSi^ presented at the A. LB.B. Pedllc 

Coast oofiventlto, Lalce^EUioe, OaUfomla, Aug* 25-28,1981, 
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assodated 60-kv. transmisdon line were placed in 
service May 6, 1902, one of the pioneer hydroelectric 
and high-voltage transmisdon projects of the'world. 
In 1907 the original installation of five 2,000-kw. units 
was increased by the addition of two 6,000-kw. genera¬ 
tors; for the past 29 years the plant has been in con¬ 
tinuous operation. 

Water storage fadlities on the upper reaches of the 
Mokelumne totaled approximately 25,000 acre-ft. 
divided among several small reservoirs at relatively 
high altitudes. This water released as needed to aug¬ 
ment the natural flow of the river was diverted in the 
vicinity of the junction of Tiger Creek and the 
Mokelumne River into two canals (each approxi¬ 
mately 20 mi. long and with a combined capadty 
of some 200 sec-ft.) for delivery into the forebays above 
Electra power house. The annual output of power from 
the 33mtem was approximately 100,000,000 kw-hr. 
The foregoing introductory remarks are intended to 



Looking down upon Saif Springs power house from 
the crest f. Salt Springs dam. Part F main quarry 
floor may te seen in right f background 
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Plan and profile of Mokelumne River Development of the Pacific Gas and Electric Company (Calif.) 


disclose the conditions existing at the time studies for 
the development of additional power on the Mokelumne 
River were begun. 

Watesr Supply Development 

The upper portion of the Mokelumne River was 
relatively inaccessible and as a result, actual water 
record data for the upper portion of the water shed 
were not available. From 1906 to the present time, 
complete records of stream flow have been kept of 
readings taken at gaging stations located near the 
diversion into the conduits supplying water to' Electra 
power house; and beginning with the early spring of 
1924, additional gaging stations we« installed at 
strategic locations on the upper river and certain tribu¬ 
tary streams. The information obtained from these 
later stations was studied in connection with the long¬ 
time record of the original stations and runoff and 
storage possibilities were analyzed for 24 consecutive 
seasons. Runoff characteristics for the upper and 
lower portions of the river vary during the different 
months of the year. During the winter and early 
spring predpitation on most of the upper basin is in 
lie form snow, while that on the lower portion of the 
devdopment is rain. Prom the extensive water supply 
studies and accurate topographic maps it was possible 
to det^mine the most advantageous storage sites and 
to plan a comprehensive development for the most 
economical utilization of the wato. A tabulation was 
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prepared to show the probable use of storage water in 
maintaining a more or less uniformly regulated flow at 
the forebays of the various plants. Calculations of 
energy output showed that the average year would 
yield approximately 918,000,000 kw-hr., with 
1,038,000,000 for a year of full supply and 489,000,000 
for the dry-year period. 

Consideration was given to the necessity of having 
peak output sufflcient to meet S 3 rstem load conditions 
at all times, it being assumed that for dry years the 
peaks would be met by hydro power with steam power 
carrying the base load. Economic studies showed that 
the Mokelumne River development required back-up 
steam capacity of about 85 per cent of the peak, the 
hydro capacity representing 65 per cent of the peak, 
like^se consideration was given to providing for the 
maximum release of stored water during the summer 
months (for the benefit of irrigation interests on the 
lower reaches of the river) which was consistent with 
maintaining peak demand throughout the late fall and 
winter. When the project is entirely completed itmW 
involve a total water storage of some 200,000 acre-ft. 
and the generation of 1,000,000,000 kw-hr, annually, 
a tenfold increase over the original Electra development. 

Two major storage reservoirs, the one on the 
Mokelumne River known as Salt Springs reservoir, 
the other on one of the principal upper tributaries and 
known as lower Bear River reservoir, will impound the 
runoff waters firopi their respective drainage areas. 
The regulation, of flow in the Mokeimnne River made 
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possible by these two storage reservoirs together with 
the smaller reservoirs already in service, is the principal 
factor contributing to the increased power output. 
The spillway at Salt Springs dam is at El. 8,947; that 
of the Bear River dam at El. 5,816. The center-line 
elevation of the nozzles of the wat^wheel units to be 
installed in the proposed rebuilding of Electra power 
house is at El. 685. Thus there is provided a total 
gross head of 3,262 ft. and 5,131 ft. respectively from 
the two main sources of storage, which head will be 
utilized in four steps by four power houses. 

Salt Springs Dam 

• 

The rock-fill dam chosen for the major Mokelumne 
development is believed to be one of the safest kinds of 
dam that can be built. (This type of dam has been 
very successful in Califomia.) The canyon which is 
of solid granite made available at the dam site ample 
material for its construction. The inaccessible nature 
of the location necessitated the construction of approxi¬ 
mately 50 mi. of roadway suitable for heavy trucking, 
and required the hauling of all materials involved over 
this entire distance by motor transport. The high 
cost of concrete materials at such a site made the esti¬ 
mated cost of a rock-fill dam approximately $2,000,000 



Lo king down the penitock toward Tiger Geek 
power h use. The transmission line right- l-way 
may «be dis(%med* on the mountains . opposite 


less than would have been the case for a suitable con¬ 
crete dam. Modem large-scale constraction equipment 
was used on the job, including electrically operated 
shovels to load the rock cars and storage-battery 
locomotives to haul them. 

Rock for the dam was obtained from quarries at 
different levels near the north abutment of the dam and 
from the spillway excavation on the south bank. The 
usual quanying methods followed featured several 
"big shots,” each of which required in excess of 50 tons 
of powder and brought down approximately 200,000 
cu. yd. of granite. 

The dam rises 328 ft. above the stream bed, has a 
crest l«igth of 1,300 ft., is 900 ft. thick at the base, 
and contains approximately 3,000,000 cu. yd. of ma- 
tmal. Approximately 225,000 cu. yd. of rock wore 
d^ck-placed to a uniform thickness of 15 ft. over the 
^tire upstream face of the dam. This placed rock 
forms a foundation for an outer facing of reinforced 
concrete which covers the entire upstream slope, vary¬ 
ing in thickness frx>m 36 in. at the bottom to 12 in. at 
the top. Concrete was placed in continuously poured 
60 X 60 ft. panels of heavily reinforced concrete, each 
completely isolated from its neighbors by expansion or 
contraction joints fitted with copper water seals. The 
horizontal joints w^e poured concrete-to-concrete ex¬ 
cept for a coating of asphaltic material; vertical joints 
were provided with a 1-in. spacing which was filled with 
asphaltic compounds to pomit lateral movement. 

To compensate for probable settling the crest of the 
dam was crowned to a m aximum of frx>m 6 to 7 ft. 
above the theoretical crest line. To take care of down- 



A typical section of concr te flume 


September 19^1 
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stream settling resulting from reservoir water pressure 
the upstream face was designed and constructed with 
an upstream convexity in plan. For similar reasons 
and to prevent possible buckling of the concrete face, 
the face was concave to the water surface in vertical 
section. The facing contains about 30,000 cu. yd. of 
concrete, has an area of about 9.2 acres, and is anchored 
to concrete cut-off walls extending vertically from 5 
to 25 ft. into solid granite. Grout holes extend some 
50 ft. below the bottom of the cut-off wall. 

Salt Springs reservoir has a capacity of 130,000 
acre-ft., is 4 mi. long, has a maximum width of 0.75 mi. 
and floods 925 acres. A spillway with a crest length of 
625 ft., channeled in the south side of the gorge ad¬ 
jacent to the dam, has a capacity of 48,000 sec-ft., 
providing a capacity of 300 sec-ft. per sq. mi. of drainage 
area with a freeboard of 8 ft. 

Outlet works at the north end of the dam consist of 
two 10-ft. steel pipes inserted into the downstream end 
of a 19-ft. concrete-lined tunnel, built originally as a 
diversion tunnel to facilitate construction of the dam. 
Each pipe is provided with a 129-in. hydraulically 
operated butterfly valve and then is extended on into 
the river channel where it ends in a 78-in. butterfly 
valve designed for free discharge. These valves are 
provided to permit unwatering the reservoir at the rate 
of approximately 10,000 acre-ft. per day in case of 
emergency, and are designed for a maximum head of 
275 ft., making them the highest-head free-discharge 
butterfly valves yet installed. 

A branch from one of these pipes forms the 8-ft. 
penstock to the generating unit installed in Salt Springs 
power house a few hundred feet downstream from the 
dam. A branch from the other pipe ends in a 54-in. 
needle valve in which is incorporated an energy absorber 
of the through-baffle type which discharges into the 
power house tailrace forming a bypass to supply water 
to the Tiger Creek conduit, (which heads in the tailrace) 
when the Salt Springs unit is shut down or when it is 
operating under reduced head. 


Beae River Water Supply 

Bear River, one of the principal tributaries of the 
Mokelumne River, falls at a very rapid rate from a 
drainage basin high in elevation, the fall in the last 6 mi, 
above its junction with the Mokelumne being more than 
2,500 ft. A projected 200-ft. dam will form a new Bear 
River reservoir, adding 34,000 acre-ft. to the storage 
capacity. Through a tunnel approximately 2.5 mi. in 
length this will serve a generating unit to be placed in 
the Salt Springs power house. The junction of the 
penstock and tunnel will be formed in a surge chamber 
to be excavated in solid rock, with a crest elevation 
above high water in the projected lower Bear River 
reservoir just mentioned. This will permit the water 
from Cold Creek, (a stream adjacent and similar to 
Bear River but lacking in storage sites) to be diverted 
through this surge chamber to serve either the Salt 
Springs unit or for storage in the lower Bear River 
reservoir. Any spill from these sources may be stored in 
Salt Springs reservoir. The arrangement is ideal from 
the standpoint of ease in using the runoff from the dif¬ 
ferent sources and insures complete conservation .of all 
water resources for maximum usage. 

Salt Springs Power House 

Salt Springs power house will be unique in that its two 
generating units will be radically different in design. 
Two sources of water are available to this plant: the 
water released from storage in Salt Springs dam under 
a static head of 244.5 ft., and water released from stor¬ 
age in lower Bear River reservoir under a static head of 
2,089 ft. In the first case the head and water quantities 
require the installation of a Francis-type turbine, while 
the latter can be utilized only through an impulse 
wheel. In general, a vertical turbine with its draft-tube 
setting requires a power-house floor level considerably 
higher above tail-water elevation than is desirable with 
an impulse-wheel installation; hence,* to maintain the 
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power nouse floor on a single level, the cooperation of 
the turbine builder was sought in the final designs and 
the unit was constructed to permit its setting at an 
elevation which also would accommodate the impulse 
wheel. Although the high-head unit will be installed 
at a future date considerable progress in the preliminary 
design of the impulse-wheel unit was required to deter¬ 
mine with some degree of accuracy what its probable 
dimensions would be. This also required cooperation 
with the waterwheel builders. Preliminary designs were 
all based on the desire to secure a plant which would 
make for convenience in operation. 

The Francis-type turbine is a vertical-shaft unit 
designed to pass 550 sec-ft. at heads as low as 175 ft. in 
order to accommodate the lowered level of water 
behind the dam as storage is withdrawn. In effect, to 
maintain full load on the generator this requires a 
turbine which must be operated at part gate under 
maximum head conditions and with gate openings in¬ 
creasing as the head falls. At heads less than 175 ft., 
water will be bypassed around the turbine into the 
tailrace to maintain the conduit flow at full capacity. 
The turbine is rated at 13,500 hp., 300 r. p. m., and 
drives a vertical-shaft waterwheel generator rated at 
11,000 leva., 11 kv., 60 cycle, 0.85 power factor. The 
generator is mounted on a concrete pedestal above the 
turbine and is totally enclosed with surface air coolers 
arranged at four points around its circumference. 
Contrasted to this will be the horizontal shaft unit 
installed to utilize the water from Bear River, an over¬ 
hung impulse unit capable of developing approxi¬ 
mately 35,000 hp. at 300 r. p. m. to drive a generator 
having a probable rating of 30,000 kva., 11 kv., 60 
cycles, 0.85 power factor. 

Both units will discharge into the same tailrace which 
forms the intake for the conduit supplying water to 
Tiger Creek power house. The capacity of the Tiger 
Creek conduit is 550 sec-ft. and it is desired to maintain 
this flow practically constant to supply water to Tiger 
Creek power house downstream. At full load the Salt 
Springs turbine unit will pass 550 sec-ft. and deliver 


power up to the 11,000-kva. rating of its generator, 
while the impulse unit will pass approximately 180 
sec-ft. and deliver power up to the full rating of its 
generator, about 30,000 kva. Thus it is seen that by 
properly adjusting the load between the two generating 
units in the plant it will be possible to maintain a 
constant flow in the conduit at plant outputs which 
will vary between the limits of 11,000 kva., or less, 
and 37,500 kva. 

At Salt Springs each generator is connected to a main 
bus through a single truck-type oil circuit breaker. 
Two similar breakers, so arranged as to be interchange¬ 
able with the main generator breakers, feed power from 
the main bus into the station power transformer bank. 
The added cost of the extra large breakers thus re¬ 
quired for the service demands was greatly offset by 
the simplicity of the arrangement and the possibility of 
taking any oil circuit breaker out of service for inspec¬ 
tion or repairs without any loss in plant output. From 
the main 11-kv. bus, leads run direct to a bank of three 
12,000-kva., 11/110-kv. water-cooled transformers. 
A spare transformer may be substituted for any unit 
in the bank by means of air-break selector switches. 
Output from bank is fed through a 115-kv. oil circuit 
breaker into a single-circuit steel tower transmission 
line for delivery to the main 220-kv. transformer banks 
at Tiger Creek power house. 

Tiger Creek Conduit 

The 17.3-mi. Tiger Creek Conduit terminates in a 
regulating reservoir on Tiger Creek from which a 
625-sec-ft. conduit extends 2.6 mi. to a 40-acre-ft. 
forebay at the head of the Tiger Creek penstock. 
The conduit is composed chiefly of a reinforced con¬ 
crete flume with a water section of 84 sq. ft. and a water 
depth of 6 ft. In addition to the flume there are two 
93-in. steel siphons totaling 0.23 mi. in length, -and 2.5 
mi. of 10 X 11.3-ft. unlined tunnel. 

Topography in the vicinity of the site chosen for 
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the Tiger Creek power house did not offer any suitable 
location for a forebay of sufficient capacity for the 
regulation of flow in the conduit and the carrying of 
peaks of short duration. Accordingly, a compromise 
was made by the creation of a pond known as the Ti^er 
Creek regulator, about 2.6 mi. upstream from the fore- 
*bay site, formed by a buttress-slab concrete dam 
approximately 100 ft. high on Tiger Creek. The upper 
18 ft. of the reservoir thus formed provides a storage 
capacity of about 1Y5 acre-ft., sx^cient to permit 
peaking Tiger Creek plant for 20 hr. each day when full 
diversion is being made into the head of the Tiger 
Creek conduit. About 30 min. are required for water 
released at the regulator to reach the forebay, and the 
available capacity in the forebay is sufficient to provide 
peaking during tWs interval. 

Automatic gates at the outlet of the regulator reser¬ 
voir maintain a constant flow in the conduit regardless 
of the height of water behind the gates discharging 
into the canal. Leads from the float controls have been 
carried to the switchboard room in Tiger Creek power 
house, enabling the operator to maintain any desired 
rate of flow between the regulator and forebay. The de¬ 
sign of this automatic gate control equipment was 
perfected several years ago in connection with the 
control of water discharged from the afterbay at Pit 
River No. 3 power house where it has performed in 
every respect exactly as planned. 

Tiger Creek Power House 

The penstock consists of a single 4,750-ft. steel pipe 
varying in diameter from 102 in. at the top to 72 in. at 
the Y outside the power house. About 4,000 ft. of the 
upper portion of the pipe is of riveted steel with rivets 
countersunk on the inside of the pipe; the lower portion 
is seamless. At the Y the pipe branches into two 62-in. 
lines and again into four 36-in. lines to serve the four im¬ 
pulse wheels of the two double-overhung units. 

Tiger Creek power house is the controlling station for 
the 220-kv, transmission lines constructed to receive 
the power generated by the waters of the Mokelumne 
River and to transmit it to the load centers at Newark 
and Herndon. To charge the 109-mi. 220-kv. line 
between Tiger Creek and Newark requires approxi¬ 
mately 25,000 kva. which made desirable a minimum 
capacity for each generator of not less than that amount. 
Experience has indicated that it is much better to be 
able to charge a transmission line with a single unit 
than to attempt this function with two units in parallel. 
The ectremely low excitation of the generator at times 
of charging an unloaded transmission line renders the 
pai^lel operation of generators unstable and makes 
their control exceedingly difficult. For this reason 
plant operation is very greatly facilitated if a liiie which 
is taken out of service for any reason can be . charged 
from a single unit. Also it renders unnecessary the 
unloading of a second unit in order to make it available 
for line-charging purposes. 


Static head and water quantities available at Tiger 
Creek indicated that the plant should have approxi¬ 
mately 60,000 kva. in generator capacity, indicating at 
once that a two-unit layout was the proper one. Each 
waterwheel unit was designed to deliver 36,000 hp. at 
225 r. p. m. under a net effective head of 1,190 ft. 
Generators are rated 30,000 kva., 11 kv., 60 cycles, 
0.85 power factor. These waterwheel units are well up 
towards the maximum size practical for the head and 
water quantities available at Tiger Creek and in 
physical dimensions rank among the largest impulse 
wheels ever constructed. 

Many refinements have been incorporated in the 
design of the wheels. A straight-flow needle nozzle has 
been designed introducing into the water flow a mini¬ 
mum disturbance, thus giving a uniform, compact jet 
delivering maximum power to the waterwheel buckets. 
The power needles are operated by the governor .servo¬ 
motors and, as a water conservation measure, are 
arranged for slow closure upon load rejection in much 
the same manner that the relief valve closes on a large 
hydraulic turbine installation. Linked with the 
governor and needle-operating mechanism is a jet 
deflector in the form of a collar surrounding the jet 
which operates to remove water from the wheel in¬ 
stantly upon load rejection. The combination of jet 
deflector and slow-closing needle is ideal for an impulse- 
wheel installation in that it makes possible the quick 
diversion of water from the wheel without disturbing 
the flow in the penstock with its attendant surge. 
This permits economies in the installation through 
reduced penstock cost and the omission of a surge 
chamber. 

Simplicity of plant layout was the aim throughout 
the design of Tiger Creek power house. Each generator 
with its associated step-up transformer bank is con¬ 
sidered as a unit; there is no oil circuit breaker between 
the generator and the low-voltage side of the trans¬ 
former. The electrical connections are extremely 
simple. A steel bus structure containing four 11-kv. 
truck-type oil circuit breakers is installed in the bus 
room, two of the breakers serving to connect the gen¬ 
erators to an 11-kv. bus for the purpose of synchroniz¬ 
ing before closing the main 220-kv. breakers. When 
the umts are in parallel on the high-voltage side of the 
transformers, one of these breakers is opened septirating 
the umts on the generator side; the other remains closed 
to supply power for station requirements. The re¬ 
maining two truck-type brealcers are for the station 
power transformer bank. As at Salt Springs, thpse 
four breakers are interchangeable. 

Each generator is provided with a direct-connected 
exciter and pilot exciter both controlled by voltage 
regulators. A spare exciter set is installed between the 
main generating units and arranged to be driven either 
by an impulse waterwheel or an induction motor. 
Each waterwheel has its individual governor oil pres¬ 
sure system with duplicate oil pumps, one motor driven 
and the other driven by a small impqlse wheel. For 
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normal operation the motor-driven pump maintains the 
oil pressure, but suitable controls have been provided 
so ttat any failme of supply from the motor-driven 
pump automatically will start the watm'-driven pump 
to reestablish governor oil pressure. 

The switchboard is in the switch and bus section of 
the power house on the level of the generator floor and 
midway between the units. To facilitate operation 
all equipm^t requiring frequoit attention has been 
installed on the main power house floor, and consid^- 
able thought has been given to the convenience of the 


SALT SPmNOS-TI6£R CR£EK' 

no H V LINE 



location of equipment frx>m an operating standpoint. 
Equipment reqmring infrequent inspection has been 
placed on the second floor of the power house and the 
general layout of the plant has followed the idea of 
making operation possible with a normal shift consdstmg 
of a first and second opmitor. The duty of the first 
operator will be the switchboard, while the second 
operator will be av^able for oiling and operation of 
the disconnecting switches in the outdoor switch yard. 

The two banks of step-up transformers have com¬ 
bined double and auto-transformer windings, each 
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bank providing both a 30,000-kva. capacity for step¬ 
ping up the incoming power from Salt Springs x>ower 
house from 107.5 to 215 kv., and a 30,000-kva. tmrdary 
capacity suffident to care for one Tiger Creek generator. 
The transformer banks th«%fore will have a total ca- 
padty of 60,000 kva. eadx. A Bi>are unit is alranged 
for emffl^ency substitution in place of any of the six 
regular units. 

To regulate water discharge from Tiger Credc plant 
for diversion to the next lower plant, an aftobay has 
been provided by constructing in the Mokelumne Eiver 
some 2 mi. bdow the plant a conorete arch dam about 
. 100 ft. high. This^ dam caused the flooding of about 
100 acres, creating a reservoir of 300-acre-ft capadty 
in the top 3 ft. 

West Point Power House 

The last of the four power houses in the Mokelunme 
project, but the one immediately downstream from 
Tiger Creek, will be known as West Point power house, 
the location and construction of which was influ^ced 
by the existence of the present Electra power house. 
Diveision of water for West Point will be made from 
Tiger Creek afterbay about 3 ft. from the top of the 
dam into a 4-mi. conduit which will connect with the 
West Point penstock providing a 285-ft static head. 
No forebay facilities being available, the plant will be 
designed to operate at 100 per cent load factor with a 
maximum flow of 575 sec-ft. A dngle vertical turbine. 
driving a 16,000-kva., 11-kv. generator will be installed 
and the plant will be laid out for full automatic opera¬ 
tion, with certain controls carried back to Tiga* Creek 
power house. Glenerated powOT will be stepped up to 
60 kv. to supply the demands now sawed by the present 
Electra plant, making West Point the only plant on 
the Mokelumne system not regularly feeding into the 
220-kv. transmission system. 

Euectra Power House 

Construction of the new Electra power house and 
conduit will follow immediatdy upon the completion 
of the Salt Springs-Tiger Creek devdopment—^probably 
in the fall of 1931. The static head to be devdoped at 
Electra is 1,266 ft. and the water flow 575 sec-ft. The 
Iwo watawheels will have a dightly greata* horse¬ 
power rating than Tiga* Creek, 37,600 hp. each at 
225 r. p. m., but their almost identical ph^rical di- 
mendons will permit the construction of a duplicate 
powa* house. One factor is present in the Electra 
designs which was not at Tiger Creek; the presmice of 
an .excdlent 1,158-acre-ft. forebay in Lake Tabeaud. 
This will permit considaable peeking at Electra and 
all designs are beii^ made so that a third unit for 
peakingmay be added later. 

Pow^ geneiated at Electra will be stuped up 
tiirough l^ahks of transforms to 220 kv. for con- 
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nection to the Tiger Creek-Newark transmission lines. 
It will be necessary also to provide for supplying power 
to the 60-kv. and i7-kv. systems now taking the output 
from the present Electra plant. 

General 

The peak load on the system of the Pacific Gas and 
Electric Company and associated companies reached 
853,300 kw. July 1930. In the decade 1920-1930 the 
load on the system has grown at the average annual 
rate of 7.25 pm* cent, requiring the addition of some 
40,000 kw. of new generating capacity each year. 
The new capacity was provided partly in steam-driven 
mrits and partly in hydro, the ratio of the two types of 
prime movers for the entire system up to 1930 being 
approximately two to five. 

Prior to the advent of natural gas as a fud in central 
California, and before the recent great increased steam 
plant economies, hydroelectric plants with their rela¬ 
tively long transmisrion lines were able to ddiver power 
to the consumer at prices which made the developmmit 
of the hydro resources of the state economically attrac¬ 
tive. Now the picture has changed and natural gas has 
placed the cost of power from the two sources approxi¬ 
mately on a par. A rdatively slight variation either 
way in the cost of fuel may have great influence on the 
type of future generating equipment. 

The power peak growth of the sjrstem for the next 
five years will approximate 60,000 kw. annually. 
This is favorable to hydroelectric power in that it 
permits full development of a river ova* a short period 
of time, thus dividing the cost of water storage among all 
plants on the stream and redudng the fixed charges 
per kw-hr. geno'ated. In order to produce hydroelectric 
powm* on the most economical basis, hydro plants in 
California must operate on the highest possible load 
factor. The average annual load factor for the system 
of the Pacific Gas and Electric Company is approti- 
mately 62 per cent and all studies for the plants on the 
Mokelumne Riva*, with the exertion of the 100 pa* 
cent load factor plant at West Print, were on the basis 
of 85 per cent load factor. Such operation will be pos* 
ribie in each year with normal or above normal rainfall. 
Studies of runoff over a 24-year period have indica^ 
that the avo'age annual output will be 88 p^ cent of tiie 
maximum possible during the wettest year recorded, 
with a 47 per cent output during the extrmue dry year. 
On the Mokelumne Rivm* normd plant opo-ation will 
be on base load with system peaks carri^ by steam. 
This condition may be reversed on extreme diy years 
when the economic use of stored water dictates its use 
for the carrying of peak loads. 

The total cost of the Mokriumne River deyelopmait' 
as here outlined, including transmission and tire in¬ 
creased capadty at Newark Substation, is practically 
$39,000,000. The entire design and construction of tire 
project have been carried out by the i^ular piosonnel 
of tile Padfle Gas and Electric CompStny. 
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Power Distribution 

from Mokelumne Plants 

To carry 150,000 kw. of hydroelectric 
energy from the mountains of California to 
the San Francisco Bay area and there dis¬ 
tribute it, required the construction of an 
entirely«new 220-kv. transmission system 
and the development of a one-time 60-kv. 
substation into a major system switching 
center interconnecting 60-, 110-, and 
220-kv. lines. 

By 

E. M. WRIGHT 

Member A. I. E. E. 

D r\c\/Tco Both of the 

D« O. DcXTtR Pedflc Qas and Electric 

Member A. 1. E. E. Company, Sah Erancisoo 


A S INDICATED in the' preceding 
sirticle which des<nibes the poww development features 
of the Mokelurrme River project of the. Radfic Gas & 
Electric Company (Calif.) one of the most unique 
features of the project was the fact that it required the 
building of practically a complete new system within a 
system already operating. The transmission and dis¬ 
tribution phase of the project involved the construction 
of 17 mi. of 110-kv. single-circuit line to interconnect 
the upper two generating plants; the construction of 
109 mi. of twin-circuit 220-kv. transmission line to a San 
Erandsco Bay terminal station, the stringing of a 100- 
mi. 220-kv. intersystem tie line (on existing towers) 
and tlie.creatiorL of a 249,000-kva. dual terminal station 
providing intras3rstem ties; and accommodating the 
two 220-kv. Mokehimne line, sixteen 110-kv. circuits, 
and three 60-kv. circuits. 

In developing this dual substation, which is located 
at Newark, an unusual dtuation was involved. Other 
stations previously chosen as transmission line centers 
and designed vpith the idea of future expansion in 
many cases had. failed to devdop thew expected im¬ 
portance due to the shifting df load centers or to 
changes in taransmisaon voltage. Although not 
originally coi^dered as likely to be greatiy expanded, 
T^ewark station has grown through a step-by-step 
process (induding the Mokelumne Riva" project as a 

m “Power Tranamiaston and Dfetdbution From the Mo]celnmne 
lEtXvec Devdopm^t tyt the Pacific Gas and Blectelc Company,” (No. 
31 *131) presented at tUe A. I. Bt E. Pacific Coart oonvention. bake Tahoe, 
Angastifi6-28, lOBb 
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major part) into the largest and most important trans¬ 
mission center on the fflitire system. It is worthy of 
comment that in spite of the many additions and the 
changing importance of its position, the flexibility of 
the unit structures used has allowed it to develop into a 
rational arrangement. 

As a result of an extended economics study and a 
review of the operating facilities involved, a wAmmal 
line voltage of 220 kv. was adopted. To facilitate future 
interconnection with the Vaca-Dixon substation (south¬ 
ern terminus of the company’s 220-kv. Pit River sys¬ 
tem) the receiving voltage at Newark substation (the 
San Francisco Bay terminal station) was set at 200 kv. 
To enable the generators to operate at unity or lagging 
power factor and thereby require the high exdtation 
essential for good stability, the voltage at the Tiger 
Creek end of the line was set at215kv., thus providing 
for charging current to be supplied from the receiving 
end. 

Tower Dbsicm 

'The 220-kv. Mokelumne River transmistion line 
starts from Tiger Creek power house switchyard at El. 
2,400, terminates at Newark substation at El. 7, and 
in general involves two types of towers, two types of 
conductors, three diff^nt loading zones, and three 
zones of insulation. 

In the heavy loading area, including the first 16 mi. 
of line out from Tiger Creek, there are two lines of 
tingle-drcuit snow-type towers set in concrete founda¬ 
tions. These towers accommodate a horizontal con¬ 
figuration providing a 20-ft. spacing between conduc¬ 
tors, and are designed for a loading of H in* of ice, and 
a wind loading of 6 Ih. per sq. ft. at 0 deg. fahr. (Fig. 2.) 

The next 11 mi. of line tibrough the lower foot-hills 
are designed for a medium loading of in. of ice and a 
wind load of 6 lb. per sq. ft. at 0 d^. fahr. In that 
section of the line there are twin-circuit steel towers 
set in concrete foundations. These towers pmnit a 
semi-vertical configuration for both dreuits, providing 
a 16-ft. vertical clearance between conductors, a 28-ft. 
horizontal separation between the top wires and the 
bottom wires of the two circuits, and a 88-ft. separation 
between the center wires. (Fig. 8-left.) 

The rmaining 82 mi. of line comprises the light¬ 
loading area where the design is based upon a wind 
load of 8 lb. pw sq. ft. and 26 deg. fahr. In the upper 
53 mi. section of tins portion of the line, which crosses 
California’s great ceitral valley of the San Joaquin, 
the towers used are tiie same as in the previous 11-mi. 
section except that the middle conductors are not offset, 
the configuration being strictly vertical. The remain¬ 
ing 29-mi. section of line traverses a hilly country 
which is considered to be, a fog area. In this lower 
section of the line the tower structures have tiie same 
steel below the crossarms as in the two-circnit structure 
of the previous section. With the upper tower design 
modifi^ to provide a vertical separation of 18 ft. 
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between conductors and a horizontal separation of 
33 ft. between circuits. These larger spacings are 
iised to permit the required increase in insulation. 
(Pig. 3-right.) 

In the 17 mi. of 110-kv. line which interconnects the 
^t Springs power house with the Tiger Creek power 
house, ^gle^cuit snow-type towera set in concrete 
foundations accommodate a flat configuration of 
w^uctors providing a 14.6-ft. horizontal spacing 
between conductors. This line starts at El. 3,800, 
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reaches El. 5,000 at about its midpoint, and terminuLes 
at Tiger Creek at El. 2,400. 

Normal spans on the 110-kv. line are 600 ft. althougli 
there are several long spans ranging between 1,500 an<l 
2,100 ft. On the 220-kv. main transmission line the 
normal span for snow-t 3 T)e towers is 600 ft.; for the 
twin-circuit towers 800 ft. Extra long: spans in I he 
220 -kv. line range from 1,000 to 1,800 ft. in lenglli. 


r . 



Fig. 2. 220-l(v. iow«r line near Tiger Geek 
power house 


Towers of the same type but of inm’eased strength are 
used where necessity requires it, but no dead-ends or 
semi-strains are us^ unless required for angles, ujr- 
strains, or crossings. Transpoation throughout are 
of the rolling type without dead-ends. (See Fig. 4.) 

Ck)NDUCTOBS 

As a result of extensive tests made at the Ryan 
laboratory, Stanford University (Calif.) two different 
standard types of cables were chosen for the 220-kv. 
line. Throughout the heavy- and medium-loading 
area comprising the upper 27 mi. of the line, 518,000- 
^nul steel-reinforced aluminum cable, having an 
outside dimetCT of 1 in., was selected. The stranded 
steel core in this cable is approximately J.'l in. in diam¬ 
eter. In the lower 82-mi. section of the line where 
conductivity as weU as corona loss were of primary 
unportance, 600,000-cir. mil hollow-core copper con¬ 
ductor of 1-in. outade diameter was chosen. This 
cable consists of two layers of wires laid over a twisted 
copper I-beam. 

With t^e aluminum cable,^ standard compression 
joints designed by the cable manufacturer,were used 
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pressed on. in the field for all splices. For the copper 
cable, screw joint splices were used comprising threaded 
lugs drawn on the end of the conductor at the factory, 
and connected in the field by means of a sleeve nut 
revise threaded to obviate twisting the cable. 

Standard bolted J- and 17-bolt clamps were used on 
both the aluminum and copper, and both for section 
and dead-end construction, thus eliminating any 
cutting of the wires. Particular attention was paid to 
the choice of clamps for the aluminum conductor so 
that they would fit the conductor as closely as possible 
for not less than 80 per cent of its total circumference. 

On the 17-nji. 110-fcv. line above Tiger Creek plant, 
the normal conductor is 4/0, 7-strand medium-hard- 
drawn bare coppar, except in some long spans where 
4/0 “Hitenso” copper is used to meet stren^h require- 



Fig. 3. Typical 220-l(v. tower* for medium-load 
area (left) and for fog area (right) 

Theee iiave been reproduced approximateLy to scale to idiow 
the differences in relaUve dimensions. Oarefol scrutiny may ' 
reveal transposition towers in the distance (left) 

% 

m^ts. All splices are of the drawn-joint t 3 rpe and 
were put on in the field with a portable draw-bench 
built lor the pmpose. 

Insulation 

Although ball-and-sQcket type insulators were used 
throughout on^ the ^0-kv. transmisrion line, the 
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gradations of insulation to meet local conditions divide 
the line in gaieral into three sections: standard, light 
fog and heavy fog. The uppar 79-mi. section of the 
line from Tiger Creek down across the San Joaquin 
Valley comprises the standard section, where thirteen 
standard-strength 10-in suspension type insulator units 
with 5.5-in. spadng in the suspension string, and 
thirteen high-strength 11-in. units with 7-in. spacing 
in the dead-end string, are used on both circuits. 

In the two fog areas, depending upon the fog density 
expected, from seventeen to twenty standard insulator 
units are used on one circuit, and from eleven to 
fourteen fog-type units of two different deagns are 
used on tJie otha* circuit. The laigths of the insulator 
strings of each type wae laid out in proportion to the 
recommended insulating value. From an experimental 
standpoint this directly competitive insifiation in¬ 
stallation should reveal some very useful opera ting 
information as to the relative values of the standard 
and fog-type units under comparable and normal 
operating conditions. 

On the 110-kv. line above Tiger Creek standard- 
strength suspension type insulator strings made up of 
right 10-in. units were used for all suspenrion points, 
with nine units for most of the dead-ends. Wh^ the 
strain was excessive such as at high points in the line, 
high-strength insulators in strings of nine 11-in. units 
wa^used. 

Bbllota-San Joaquin Tib Line 

At Bellota substation which is situated at a point 
about 42 mi. from the Tiger Creek plant, the 220-kv. 
Mokriumne lines cross the Feather l^ver line. There 
both of the 220-kv. Mokelumne circuits are tapped to 
provide a feed into a single rircuit which was strung 
about 100 mi. on the No. 2 position of the ftrigting 
165-kv. line connecting with the San Joaquin Light 
and Power Corporation’s substation near Fresno. 

The conductor used for this tie line is hollow-core 
copper of the same specification as tiiat used on the 
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]\fokelximne circuit. Insulation also is typical of 
Mokelumne specifications comprising fourteen stand¬ 
ard units in suspension and fourteen high-strength 
units in dead-end string. A combined static shield 
and arcing ring is used on each insulator string. All 
of the switching at the Bellota substation will be 
handled by remote control from Stockton substation 
about 20 mi. away. 

Newark Substation 

Newark substation, the San Francisco Bay terminus 
of the Mokelumne transmission system, long has been 
the distributing point of Mokdumne River power 
(originally from Electra plant). However, growth to 
its present proportions was not expected when it was 
developed in 1919 as an ordinary 60-kv. switching and 
power distributing station. Nevertheless, as a result 
of the unit t 3 rpe of structure adopted in the original 
design of Newark station it has been possible to evolve 
a continuously modem station capable of handling 
the ever-increasing power concentration thrust upon 
it. With the advent of 150,000 kw. from the Mo¬ 
kelumne River development the principal of a dual 
station has been developed. 

That an economical and yet flexible switching 
arrangement might be provided for handling the 
220-kv. circuits, a double bus is used with bus selector 
air switches and a single oil drciut breaker for each 
transmission line, and transformer bank. With this 
arrangement a circuit can be connected to both buses, 
or to either bus, as switching requirements may dictate. 
The 220-kv. bus stmcture provides switching fadlities 
for the operation of two transmission lines, three 
transformer banks, a bus-paralleling oil circuit breaker, 
and carrier-ciuTent telephone coupling equipment. 

General dimensions of the bus structure are: length 
354 ft., width 116 ft., height of center dead-end frame 
64 ft. The structure is of galvanized steel. This de¬ 
sign provides for the buses and selector switches to be 
placed well above ground elevation. The six 660,000- 
dr. mil concentric-lay copper cable, conductors com¬ 
prising the double bus are strung in tension, dead-ended 
at each end of the bus structure, and supported in 



Fig. 5.: Section througli Newark 220-kv. bus 
structure 
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between on the cross frame with pillar-type insulators 
at each bay. (Fig. 5.) 

The 400-ampere selector switches are of the vertical- 
break type, each single-pole assembly of which consists 
of two single-pole air switches mounted on a common 
structural-steel base and insulated by five insulator 
posts per pole. The three poles of each selector switch 
are actuated by a single manually-operated control 
handle at the bottom of the supporting column adjacent 
to the switch assembly. 

The two incoming 220-kv. lines and the bus tie 
breaker are accommodated on one side of the bus 
structure, while the three transfoni\pr banks are 
accommodated on the other side. 

This arrangement of a 220-kv. oil circuit breaker 
complete with by-pass and disconnecting switches is 
similar to that employed at other 220-kv. stations of 
the Pacific Gas & Electric Company, (see Fig. 6) with 
the exception that a vertical-break by-pass switch is 
used instead of the so-called ‘'roller-skate'' switch 
previously used. Inverted switches of the latter type 
are used as disconnecting switches, however. On the 
towers which control the 220-kv. line, grounding 



Fig. 6. Typical Newark 220-kv. $elf-c ntafned 
switch structure 


switches are installed and mounted on the base of the 
by-pass switches. Grounding is effected by closing the 
grounding switch into a contact on the center post of 
the by-pass switch, subject, of course, to suitable 
interlock. All switches are actuated by means of 
rotary shafts and are hand operated. Within the 
galvanized tower structure is endosed a 6-break 
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600-ampere 220-kv. oil circuit breaker mounted with 
the poles of the breaker on 14.25 ft. centers. 

Each of the single-phase 200/110-kv. auto-trans¬ 
formers is rat^ at 18,000 kva. and is equipped with a 
tertiary winding to supply 11.6 kv. for synchronous 
condenser operation. Partial cooling is accomplished 
with radiators; additional cooling is obtained by m«»aTig 
of hood-type radiator air-blast equipment. The trans- 



i 

Fig. 7. General anangement of Newark sub¬ 
station 


Although it has developed far beyond original expectancies, the 
unit-type of structures consistently used have enabled the 
evolution of a very orderly and logically arranged station 

former Output at 110 kv. is delivered to the 110-kv. 
bus. One spare transformer unit is provided with a 
range which will permit it to be ^changed conveniently 
for any of the nine units in the tiuee banks, winch 
may require removal from service. . To facilitate 
tra^ormer handling a permanent handling house has 
been constructed and equipped with a traveling crane 
and aU necessary tackle for untanking. 

The 110-kv. double bus also provides the tingle 
circuit breaker and switching arrangemmit described 
for the 220-kv. bus. The buses and selector switches 
are mounted on a rigid steel framework with all live 
parts wtil isolated by devation. The bus conductors 
consist of 2‘in. outside diameter, 14-gage copper tubing. 
Both the bus and tiie sdector switch in^atprs are 
pillars made up of two 4-part units pm* post, each unit 
bting 20 m« high. -*The llO-kv. bus is divid^ into tw;o 
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Fig. 8. Rear elevation of the 220/110/11-kv. 
Newark transformers 


sections, and provision is made for controlling twelve 
circuits in each section. 

Because of the large power concentration now effected 
at Newark, current limiting reactors have been installed 
in one of the buses between the bus sections. (See 
Fig. 7.) Each of these tingle-phase 110-kv. 6,400-kva. 
reactor units is rated at 60 ohms reactance, and 300 
amperes continuous duty, with an overload capacity 
of 1,060 ampere for three sec. Attention is called to 
the feet that this substation is essentially two stations, 
the dividing line being the reactor barJe between the 
110-kv. bus sections. One part comprises the older 
equipment contisting of several 110-kv. circuits, and 
transformer banks feeding 60-kv. circuits and syn¬ 
chronous condenses. The second part of the station 
comprises the new 220-kv. bus, together with the 
associated 220/110-kv. transformers, 110-kv. circuits, 
and related synchronous condenser equipment. 

Contistent with the dual station principle it was 
necessary to make the switchboard in two sections, 
each section arranged to control its respective group 
of equipment. Because of the laige number of circuits 
involved it was nectesary to use a bench-board and 
two vffltical boards, one for the indicating instruments, 
and one for relay equipment. To reduce the over-all 
length required in the switchboard, equipment for two 
circuits is mounted on one panel, one circuit above the 
other. This arrangement accomplished the necessary 
longitudinal reduction, but required pantis 100 in. high, 
instead of the more conventional 90-in. boards. The 
entire switchboard is constructed of sheet steel. 

Synchronous condenser equipment for the new 
station consists of two 26,000-kva. 720-r.p.m. 11.5-kv. 
three-phase, 60-cycle machines of the totally enclosed 
ventilated type equipped with surface air coolers. 
Pedestal bearings are provided with passages for cool¬ 
ing water in the bearing shells. For ffre-flghting 
water at 25 lb. per sq. in. will be used, distributed 
tfarou^ manifolds installed at the end of the stator 
frame around the air gap. Each condenser is provided 
with a main and a subexdter. One machine was built 
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^th a 1,500-hp. synchronous driving motor to provide 
a convenient means of line and relay testing. This 
feature is particularly applicable to Newark station 
with its three main transformer banks, because with 
such grouping a bank can be released for build-up 
tests without great impairment of effective station 
capacity. 

Switching equipment used in connection with the 
operation of the synchronous condensers is of the 
metal enclosed type using truck-type oil circuit break¬ 
ers, and motor operated disconnecting switches. All 
of this equipment is housed in a small building adjacent 
to the 220-kv, transformers with underground lead 
covered cables providing the connections between 
switching equipment and condensers. 

In unifying the existing and new control equipment 
in a new switchboard room the problem incident to 
conduit arrangements required that the transfer of 
control circuits from the old station to the new be 
made without service interruption. This was facilitated 
to a large extent by use of a control circuit terminal 
room directly beneath the switchboard room. All 
switchboard wires and control circuits were brought to 
terminal blocks and all cut-over work and testing 
procedure correspondingly readily executed. 

Carrier-current telephone equipment installed will 
provide for communication over the 220-kv. lines to 
Tiger Creek power house, and also furnish communica¬ 
tion circuits over the 110-kv. lines to station J in 


Oakland, whence a wire line extension is made’to the 
load dispatcher's office. Coupling condensers on the 
110 -kv. and 220-kv. buses are so connected that the 
dispatcher may communicate directly from Oakland 
to Tiger Creek power house without assistance Irom 
the Newark operator. 

As pointed out above, Newark substation as it now 
is constituted stands as the result of many additions. 
In spite of this, however, the flexibility of the unit 
structures used has allowed it to develop into a rational 
arrangement, and except for the old switchboard just 
replaced, every structure, whether installed in 1919 or 
in 1931, is functioning in its logical location as part of 
a modem substation. 

In view of the fact that it is impossible to make 
accurate predictions as to the location of future load 
growth and the routing of transmission circuits to 
supply this load, it becomes necessary to design and 
construct major transmission substations in such a 
manner that they can be extended readily in any 
direction without the necessity of moving existing 
equipment or giving the appearance of a patched up 
job. Proper thought given to the design of the original 
installation will permit the achievement of these aims 
even though the station grows far in excess of any 
preconceived ideas as to its probable future importance. 
Satisfactory operation imder any circumstance re¬ 
quires a simple and easily followed arrangement of 
equipment. 


Riverbend Steam-Electric Generating Station 



This newest steam station of the Duke Power 
Company, Charlotte, N. C., was placed in opera¬ 
tion in October 1929 with an initial capj^ity of 
187,600 kva,, about one-fourth of the expected ulti¬ 
mate. Each of the two generating units operates at 
1,“00 r. p. m. with steam at 426 lb. gage and 726 
d^. fahr„ delivering energy at 18 kv. Each of the 


four cross-drum boilers has 35,600 sq. ft. of heating 
surface and is designed for 500-lb. working pressure; 
maximum furnace heat liberation is 30,000 B.t. u. 
per hr. per cu. ft, of volume. Pulverized coal is burned; 
the supply being received by rail. With this station 
the steam-electric capacity of the Duke system passed 
the 50-per cent point. 
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Electrical Engineering 





Industry’s 

New Responsibilities 

In nn older day those who failed to store 
their food at harvest time did not fare so well 
during the winter; now, those who fail to 
accumulate at least a moderate surplus dur¬ 
ing time^of plenty suffer accordingly during 
the cyclic "depressions.** A thoughtful 
industrial leader, himself once a farm boy, 
here makes some interesting comparisons. 

By 

A. W. ROBERTSON Ohaimum of the Boaid 

Aasodate A. I. B. K. WesUnghoiue B.A M. do. 


In its beginning this country was 
sparsely settled—dotted with small isolated communi¬ 
ties tied together by watarwa]^. Even the post roads 
were impassable a large part of the year. Not until 
1830 did the railroads make tihdr appearance. In 1885 
the electric street car superseded the old horse cars 
and shortly thereafter we saw our great interurban 
development. The next step forward in tranq>ortation 
was in 1900 which marked the start of tiie era of tbe 
automobile. Since that time the transformation in our 
manner of living has been almost unbelievable. 

The Passing of iNPrviDnALisu 

It is int««sting to note tiie shift in responsdbiUty 
from-the individual to industry which has taken place, 
even in the short space of my own life. In our early 
days we were tremendously individualistic. That was 
a basic characteristic of &e founders of this nation. 
Every one stood on his own feet, or tried to do so, and 
was proud of his ^orts. Each family was a group of 
home industries complete and almost self-supporting, 
little had to be bought from the general store. Almost 
evraything used was produced by-tiie family. The 
women wove the fabrics for dotiiing from the wool, 
cotton, and hemp raised on the place. The men and 
boys were their own caipentm, blacksmiths, and shoe¬ 
makers. 

My father expected to take care of himself and his 
fai3aily without asking for help from anyone. He did 

JProm booklet pubUshed yjgr the Westinghoase Xlectdo ^ Mannf^ 
taring Oompemy and avallabl upon appUcatfon to that Oompany at 
160 Broadway. New'S^rk. K.T. 
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it largely by workmg hard all during the spring, sum¬ 
mer and fall. He loafed, or at least did not work so 
hard, during the winter. In the fall I remember we 
used to imitate the thrifty squirrel and stored up a 
supply of food to last until spring. With wood and 
coal in the shed, potatoes and other v^etables in the 
cellar, sausage, ham, and corned beef available in the 
meat-house, we faced the winter season of unemploy¬ 
ment with something considerably less than dread— 
in fact, if I caught the spirit correctly as a boy, we 
really enjoyed it. 

These were my personal experiences as a boy and 
they may not be t 3 npical of this whole country e^ecially 
in iJie larger cities. Yet I have found them duplicated 
by so many other people who were reared as I was that 
I am inclined to think that my boyhood life represents 
a common picture of the independence of the individual 
of earlier generations. It was perhaps inevitable that 
this point of view should change—but it will be too bad 
to lose it entirely. 

From Agriculture to Industry 

After the CSvil War in this country we commenced 
to be less and less an agricultural people and more 
mid more an industrial nation. With the coming of 
mass production in the last thirty years, and other 
changes incident to it, population became congested 
in great cities. 

Today the average home-owner has no place in which 
to store fuel or food beyond a supply for a short period. 
Gone are the days when the unit of purchase was a 
barrel of flour, a barrel of sugar. The unit of purchase 
is the smallest available package. Chain stores are 
conveniently located at almost every city comer and 
country cross-road. The railroads, trucks and passen¬ 
ger cars have made the distribution of goods both easy 
and quick, and it has been estimated that even in a 
large city like New York there is avaUable less than a 
week's supply of food. 

The average family today exists from hand to mouth 
and would not know how to live otherwise even if it 
so desired. When the i>eriods of unemployment come, 
whether they be seasonal as in the older days, or due to 
economic depression, the average man has no fuel or 
food stored away to keep him and his family alive and 
comfortable while he searches for work to do. 

If he was thrifty when business was booming, he 
has a savings account which he can use in bad times 
to buy the necessary food and clothing and keep a roof 
over his family. Thousands of persons have savings 
accounts as the statistics bear witness, yet unfortunately 
it just does not seem natural for human beings to be 
thrifty and save money while they are earning it. 
Certainly it does not appear that they save money now 
as they used to save food and fuel against the winter 
time of need. As a result many thousands of people 
today have no resources beyond their immediate needs. 
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The Burden of the Improvidbnt 

There seems to be the growing tendency to try to 
shift to the shoulders of each industry the burden of 
providing for those improvident individuals, employed 
by that particular industry, who are unable to care 
for themselves in times of need. In certain circles 
apparently serious consideration is being given to the 
paternalistic proposals that big business, or the govern¬ 
ment, assume many of the obligations formerly recog¬ 
nized by the individual as his own personal burden and 
his own responsibility. Some states have enthusiasti¬ 
cally adopt^ pension bills for mothers, for widows, and 
for old people; other states are giving earnest thought 
and study to compulsory unemployment insurance. 

Meanwhile industry as a whole has voluntarily done 
a great deal to relieve its workmen of more and more 
of their former responsibilities and obligations. Most 
progressive companies can boast of departments which 
provide education, housing, a bonus, insurance, savings, 
old age pensions, etc., for their employees. Many 
companies in going into this general welfare work have 
taken the advanced stand, and recognized the principle 
that a loyal, faithful employee, in addition to his daily 
wage is entitled to an opportunity to participate in 
some form, depending upon his relative position, in the 
financial progress of the company for which he works. , 

Many companies are assuming also a large part of 
the cost of providing for employees during the present 
period of imemployment. It has become the accepted 
practise to spread out the available work in the plants 
and factories among as many men as practical altiiough 
the oi)erating results may be uneconomical for the 
company. These things are mentioned merely as 
illustrate the acceptance by industry of this added 
burden of imemployment. 

Industry Pounded on Savings 

*I^e tragedy of the situation lies in the fact that big 
business, having assumed all these additional tasks, is 
just about as helpless as the employee. Every industry 
is ^ected differently by depression. Seemingly none 
is immune. All are infinenced to tiie extent of having 
income senously curtailed, and, in many cases, profits 
entirely eliminated. No company, large or small, seems 
to be financially strong enough, or lucky enough, to 
prevent serious shrinkage of its liQuid resources in times 
of depression. 

Under such circumstances the management of every 
^^pany in ev^ industry is confronted with the 
dfficult and senous problem of deciding what course 
should be followed. Assuming that every well- 
managed cornpany accumulated out of earnings some 
CTuplw during prosperous times, the question arises 
mmediately as to how this surplus should be used 
wh^ times are not so prosperous. The company 
must conduct its affairs in such a way as to maintain 
Its credit. There must be money with which to pay 
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honest debts—otherwise, the company will soon cea.so 
to function and it will not be able to meet any of the 
many obligations which it has assumed. 

In addition to the creditors and the employees, there 
are the stockholders who have equities to be recog¬ 
nized. As the owners of the business, they are partners 
in the enterprise. Their just rights should not be 
ignored. Sometimes it would seem, however, from 
the careless talk indulged in by those who are not well 
informed in fact or theory, that stockliolders are not 
entitled to any consideration. Those who voice such 
unsound opinions overlook the fact that stockholders, 
generally speaking, are employees of the company itself 
or are employed by some other company. At least in 
part, they are dependent upon their dividends just as 
they are on their wages for their living. 

The money these people have invested in securities 
has to a large degree made possible the very existence 
of industry. The holdings of the stock of a conii)any 
often represents the savings which the shureholdei* 
has made agsunst the inevitable rainy day. 

An investment is the dedication of the surplus of 
today to the needs of tomorrow—the insurance of 
ready cash to meet some form of future emergency. 
If that is a correct definition of an investment it may 
take many different forms with different people. 

After a fashion, the investment by the stockholder 
is comparable to the stores of food and fuel which were 
commonly made in more primitive civilization, such 
as, for ink»nce, my own boyhood days. If the rights 
of security-holders are not to be respected, then 
investors generally will cease to put their savings into 
industry; and there will be no industry. Further, 
there will be no safe place to invest one's savings. 

The Human Equation 

I fully recognize that the employees are one of the 
real assets of a going business—in many cases its most 
valuable asset—and their well being is of prime impor¬ 
tance. People are too apt to think of big business as 
a piece of automatic machinery—^soulless. Jti my 
opinion, the reverse is true. Big business must be 
human if it is going to succeed permanently because 
wlmt makes the wheels go round will always be human 
lyings—mployees who are investing part or all of their 
life work in the service of that institution. 

Business generally recognizes that regardless of the 
milliom of money that have been put into plants and 
machinery, the ability to earn profits on that invest¬ 
ment depends upon the loyalty and the efficiency of 
the employees. 

It has been said, in substance, that public good will 
towaMs a company and ite products, while intangible 
working capital, has as distinct earning jjower as the 
plants, which would soon turn to lifeless material were 
it not for the livening infleunce of these intangible 
values which, in the final anal 3 rsrs, ar^ the contributions 
of the employees of a company. 

EpjEJCTRICAL EnQIViBBRING 



The management of every concern alwa 3 ^ has b^ore 
it the problem of dealing fairly with all parties involved 
—giving due consideration, of course, to the resources 
at its command. In periods of depression the task is 
made extremely difScult because no one can.predict 
■vvith any accuracy die length of time the set-back may 
continue. Consequently the management of a com¬ 
pany does not knov? how long the earnings may continue 
below normal and how long it may be necessary to 
lend assistance to its employees out of work. 

A- MimjAii Peoblem 

•> 

In the years to come if the business of this country 
follows the upward curve of normal progress, as it has 
in past decades; and, if business flourishes with only 
occasional periods of depression and unemployment, 
then the recent burdens added to industry will not 
become too heavy. On the other hand, if these periods 
of recession come too close together and increase in 
severity, then industry may not be able to carry on 
its usual normal responsibilities of payments to credi¬ 
tors, wages to employees, dividends to stockholders, 
plus the added burden of supporting the individuals 
who cannot provide for themsdves in times of unem¬ 
ployment. 

It would be most constructive at this time if thae 
could be developed a more tolerant attitude toward 
this problem on the part of both industry and the 
individuals involved. The whole world is afficted by 
a. new set of conditions. The right cure will be benefi¬ 
cial to every man, woman and child; therefore, any 
proposal that may lead to progress in that direction 
should and will, I am sure, recdve open-minded 
consid^tion. 

To me it seems highly desirable that we keep alive 
bhe old-fashioned individualistic spirit of looking after 
one's self. It is going to be our salvation. It is one 
of our greatest inheritances horn the founders of this 
country. After all, no one is as much interested in 
me as. I am in myself. If each and every one of us 
made it'our prin<nx)al business to look after Vtimaftlf as 
well as a reasonably prudent man should, there would 
not be so much required of either industry or the state. 
That is what I would define as constructive selfishness. 

Economic Laws are Insuhsrablb 

The picture is not without its bright side. There is 
ample reason to be cheerful. This country will weather 
this storm as it has successfully weathered every other 
great economic disorder of the past. And each time 
l>t 3 ^ess has ^erged upon a broader basis and a more 
solid foundation. The element of time is our worry, 
if we knew definitely when things were going to turn 
for the better the battle would .be won and industry 
could ^ plan accor^^gly. The rest would be easy. 
Certainly the worst is behind us and there is plenty of 
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evidence for those who will look, that in certmn lines 
at least, improvement has commenced. ’ 

If the whole is great®* than the sum total of the parts 

in periods of prosperity then the reverse is certainly 
true in times of d^readon. Coiporations being but 
aggregations of people are subject to the same economic 
laws as individuals. Those succeed who perform w 
serve acceptably, and those grow more rapidly and 
become the greatest who serve best. 

There is no Shortcut 

Let us face the present unpleasant facts calmly and 
with courage. Let us be honest with ourselves. 

ThCTe is no panacea for the present ills of all industry 
—no magic formula by whidi miracles may come to 
pass. Business will not change overnight, but it will 
be better tomorrow or the next day. 

The desired objectives may be accomplished only 
by hard, consistent, endless work by us as individuals. 
There is no shortcut and we all know that is the truth. 

Stability of 

Transmission Lines 

I 

^^TABILITY of power transmismon 
"between two powa* plants operating in parallel is of 
utmost importance in providing uninterrupted power 
supply during system disturbances and abnormal 
operating conditions which may be due to short cir¬ 
cuits, switching, and a variety of other causes," states 
Alacander Smouroff (F24) professor. Electrotechnical 
Institute, Leningrad, U. S. S. R., in introdudng a 
recent manuscript dealing with the subject of static 
stability. This paper represents another matiiematical 
contribution to the anal 3 rtical solution of the trans¬ 
mission stability problem and, being written by a 
prominent foreign engineer, represents a point of view 
somewhat different from tiiat of American eng^emrs. 

The iiAerent dynamic stability and tiie artificid 
stability of a system are discussed, and a method is 
given for the determination of the dynamic stability 
of a system. The application of the proposed method 
is illustrated by practical examples. 

'*Stability of Traasmlsglon** by Alexander Smotirofl» professor* 
technical Institate. Leningrad, U* S. S.B., from which the above brief 
abstract has been prepared, has been placed on file (in manuscript form) 
for reference in the IBngineering Societies Library, 29 West 89th Street, 
New York, N. Y. The complete manuscript is available for reference 
or photostat copies may be obtained from the library. 
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The papa* concludes with an appendix in whidi 
formulas aie given by which the maximum power 
output for stable operation of each of two plants operat¬ 
ing in parallel may be determined as a function of the 
phase-di^lacement angle betweai the induced voltages 
of both plants. These equations give a criterion of 
stability and should prove of value in determinations 
oftbis^aracter. 


Economic Loading oF 
Generating Stations 

The problem of properly loa<lin9 generating 
stations has evinced a gradual but continu¬ 
ous advancement as knowledge of the 
characteristics of power station equipment 
increased and methods of interpreting these 
progressed. The increment method has 
proved to be the most economical scheme 
thus far introduced. 

By 

E. C. M. STAHL BiooWyn Edison Oo. 

Member A. I. E. E. Brooklyn, N Y. 


^teORRECT LOADING of generating 
stations has assumed increased importance with inter¬ 
connections becoming common, especially since the 
operation and control of boilers now have reached a 
point where dependable station heat rate characteristics 
c^ be duplicated day after day. Application of the 
different methods of load division, however, is depen¬ 
dent essentially upon the character of data available. 
There has been gradual development and transition in 
var 3 dng degrees of accuracy, from the use of average 
operating performance data on a monthly, weekly, 
or daily cost per kw-hr. basis to methods which permit 
of properly combining the economy characteristics of 
related equipment so that load can be divided on a 
nunute-to-minute basis and full advantage taken of the 
"'immediate load conditions of the boiler room, station, 
or system. 


Written especially for ELsoTnipAXi EKoiMSiEXMa, based upon an oral 
presentation before the Power Group of tbe New York Section, A. I. B. B., 
York, April 0,1931. Not imblished In pamphlet form. 
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With the in<ueased grouping of stations having quite 
different characteristics and the rapid intioduction of 
new types of equipment, direct and accurate means of 
load division must be used to secure the best operating 
economy. In an interconnected group, individual 
stations do not necessarily follow the characteristic load 
curves of the ^^stem demand. Consequently there is a 
shifting of load factors and plant factors among the 
different stations so that the use dt avoage input-output 
data has lost much of its value from the standpoint of 
correct load allocation. 

Briefly the steps which should be followed in setting 
up s 3 'Btem-operating economies are: 

1. To provide the necessary capa6ity in operation to Insure continuity 
of service throughout the system. 

2. To select the necessary equipment for carrying load in the order of 
its effect on the best overfall system economy.' 

3. To divide the load correctly on the equipment which has been placed 
In operation. 

At least eight methods of load division have been 
developed, and in a number of cases the different 
methods, for certain ranges of operation, result in 
idfflitical loading. These methods are: 

1. Average increment loading. 

2. Base loading. 

8. Valve loading. 

4. Best-point loading. 

5. Proportional loading. 

6. Squal-elficiency loading. 

7. Increment of B. t. u. to throttle loading. 

8. Increment loading. 

In a system where suitable equipment and personnel 
are available for testing accurately each piece of equip¬ 
ment, information can be obtained which will permit a 
very accurate analysis of the load-division problem. 

To arrive at the correct equipment set-up and then 
the correct division of load on the equipment placed in 
operation, the characteristics of each piece of equip¬ 
ment associated with power production must be known. 
Operating factors based upon the behavior of the equip¬ 
ment xmder normal operating conditions must be 
applied. Operating factors, such as the circulating- 
water temperature, depend partly upon conditions 
beyond the control of the operatog personnel. In 
most cases, however, proper maintenance and skilful 
operation will result in dose agreement between test 
and operating results. With individual characteristics 
known, group and station characteristics may be 
developed from which the final solutions may bebuilj^up. 

In combination with the station characteristics, sys¬ 
tem layout and load daita must be taken into accoimt. 
The major factors which must be considered are: the 
characteristics of the daily load, load duration, and 
occurrence curves; local and emergency demands; 
local restrictive ordinances; tie-line capacities, and 
experience with the reliability and stability of the elec¬ 
trical system. n 

With proper equipment available ^d station charac- 
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teristics knowta, not only can a correct solution of any 
momentary load-division problem be reached, - but 
studies may be projected into the future showing the 
probable share of load which new equipment would 
receive, based upon contractual charact^stics. The 
^ect of new ^uipment on operating costs also may be 
predicted quite accurately. The result of allocating 
any subdivision of the system load for any station may 
be computed, and system operating results for any pro¬ 
posed method may be estimated accurately. After tbe 
correctness of the station heat-rate characteristics has 
been established from tests and operating results, these 
data may be applied to the derivation of instantaneous 
energy costs wfdch in turn may be used as the energy 
element of the cost of load transferred from one station 
or system to another at differait periods of the day. 

The different methods of load division now will be 
discussed in approximately the same order named 
previously. Fig. 1 shows station characteristics taken 
from daily operating' data and illustrates the average 
increment method of loading. Each point represents 
the integrated 24-hr. output for various station loads 
plotted against total B. t. u. input; Over a period of 
time a large number of values are obtained which give 
the average economy characteristic trend of the 
station. Straight lines may be drawn through these 
points as indicated for stations A and B, and from this 
information a determination may be made as to how to 
load the stations with respect to each otiier. It is evi¬ 
dent that if a daily ou^ut of only 100,000 lcw-hr.is 
needed, station A could carry the load with less input 
than station B; if the output were 400,000 kw-hr., 
station B could carry it more economically than station 
A. If both stations were required to be in operation, 
station A would be operated at its mininmiTn capacity 
until station B was fully loaded; and then station A 
would be loaded. This method of loading in no way 
takes advantage of the minute-to-minute economy rela¬ 
tion between the stations, but merdy uses the average 
integrated characteristics. As a result a constant 
increment of input is required for any added output 
and t^is constant increment represents an avmtge 
increment characteristic of the station. 

The method of base loading follows directiy frtnn tihe 
forgoing as it gives load to the best station or madiine 
up to its maximum capadly before any load beyond its 
minimum requirements is asrigned to the next best 
station or machine. Within the limits of data available 
both of these methods are correct, but as will be shown 
later they do not result in the best economy. It would 
appbar further from a casual inspection of the heat-rate 
characteristics (see Fig. 6) that the base-load method is 
the correct one; but again this is not the case. 

In Fig. 2 is shown a group of heat-rate curves which 
vdll be used to explain vake opening, best-point, and 
egual-effieieney methods of loading. Heat-rate charac¬ 
teristics of the older turbines are such that thdr best 
economy is obtain^ ju^ before the opening of the over¬ 
load valve? which4>ypa^ steam into some of the lowtf 
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stages of the turbine. The points at which these addi¬ 
tional valves open are shown rather clearly in the fflus- 
tration, and th^ effect will be fully illustrated later in 
showing the progress made in methods of int^reting 
turbine characteristics. 

In the valve opening method when several turbine 
are in operation, the turbine with the lowest heat rate . 
will be loaded first to the point where the overload 
valve is about to op^. The other turbines then will be 
brought up successively to a similar condition. As the 
load increases still farther, the best unit will be loaded 



Fig, 1. Average characteristics for two typical 
stations as obtained from daily operating data 



Fig. 2. Heat-rate curves for four typical turbines. 
Note the changing characteriUics at the valve¬ 
opening poinb 


up to the next valve opening, and the process repeated 
on the otiier units until foil load is reached on all equip¬ 
ment in operation. 

Best-point loading in effect is quite similar to the 
valve-opening method but applies more generally to the 
total station heat-rate characteristics which indude 
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ateo the boilers. With this method, iinits or stations are 
loaded successively up to their lowest heat-rate points. 
In most cases, however, these coincide with the valve¬ 
opening points. 

In the equcU-efficieney method, the ratip of output to 
input of the various turbines nrast be equal, and in 
effect the unit heat rates also must be equal. Where 
this scheme is used, a schedule may be made up by 
maintaining equal unit heat rates on a variety of tur¬ 
bines, progressively as the load changes. 

Fig. 3 shows a graphical layout for the method of 
proportional loading. This consists merely of plotting 
the sum of the turbine loads at their best heat rates and 
their full-load points, and connecting these points 
through zero wi^ straight lines; from these, unit loads 
can be scaled off for any given station load. 

Still another scheme is that known as the increment of 



Fig. 3. Curves for establishing a proportional 
schedule of loading 


B. t.u.to the ihrotOe method. This is merely a special 
case of the incremental method, and has rather limited 
use where there is no bleed heating and where the 
characteristics between turbine are uniform. 

Incremental loading, as the following discussion will 
bring out, results in the minimum input for any out]nit 
with any given combination oi equipment in operation. 
This method will not of itself show what equipment 
should be placed in operation, but with the aid of input- 
output data it will assist materially in determining the 
propa* combination of equipment for various system- or 
station-loading characteristics. 

Fig. 4 shows three stages in the chronological develop¬ 
ment of the interpretation of turbine characteristics 
and increment rates, the same test information, being 
used in each case. Until about 1920 separate sets of 
points were plotted for the total input-output and 
for the unit heat rates, curves being drawn through the 
two sets of points independently. During the next 
five yosr& the changing characl^stics of the valve 
points were taken into consideration. As a result, the 
total input-output curve was drawn through the test 
points so that straight lines connected the test points 
for the separate ranges between valve openings. Tliese 
lines were adjusted, however, to intersect at loads cor¬ 
responding to the valve openings. The water-rate or 
heat-rate curves then were computed from the input- 
oulput curves. 

In a more recent (1930) interpretation of test data 
the turbines are considered as having separate and 
distinct charactoistics between valve openings. En¬ 
tirely independent curves have been drawn through 
the various sets of test points between valve openings, 
and the unit heat rates computed from these indepen¬ 
dent sections. The corresponding increm«ital rates 
for the three schemes have been plotted and it may be 
noted that on the 1930 curve, the transition points 
have not been included on tiie incrmental curve. 
From a practical standpoint this is not necessary be¬ 
cause turbines are not operated near the valve openings. 


1920 


1925 


1930 


Fig. 4. Chronological 
dovolopmont in th« in- 
twpwtation of tmbino 
, diaract liilie data 
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Fig. 5. Comparison of heat rates for the different 
methods of loading 

the operator passing substantially beyond those points. 
Again, justification for base loading of the best equip¬ 
ment is seen in the method used up to 1920, as a single 
straight input-output curve witii a constant dope or 
incrmnent is obtained which in itsdf justifies loading 
the best equipment or the equipment with the lowest 
avoage incremeat up to full load and then bringing 
on the next best. 

A cQmpodte picture of the results of the vmous 
methods of load dividon is shown in Fig. 5. As would 
be expected the exact incremental method proves the 
most economical, while the averse incremental or 
base loading method makes the pooi^ showing. 
The various other methods fall in between these two 
but genially nearer the exact incremental method. 

The tmdo'lying prindples of the incremental method 
are brought out by Fig. 6. Heat rates are indicated 
for two stations having 10,000 B. t. u. difference be¬ 
tween thdr best points'. Assume that the stations 
are ^loaded that the heat rate of station A is exactly 
double that of station B. The ques^on now arises as 
to wMch station should pick up the next. 1,000-kw. 
load, asaiiTning that the two are interconnected. IVom 
the heat-rate curves alone it would appear that station 
B should carry the additional load. It should be 
noted, however, that the heat rate is on the up-grade 
at station B, so that any added load would mean that 
its entire load would then be obtained at a higher heat 
rate and consequently the additional 1,000 kw. must 
contribute additional heat to raise the over-all heet 
rate of the station. On the other hand, an exaifiination 
of the curves will show that the load on station A is 
sudi tiiat if the added load were allotted to it, evay 
kilowatt already in production would be obtained at a 
lower hdit rate. At tiie. poinite stiected, station A 
can supply the^ded load to the system for 12,000 
♦ 
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Fis* 6. Solution of typical load-division probi m 
by the inaement method 

The ineremeatal heat rate at a given load already in prodao> 
tion ia defined as the actoid additional hhat per hour required 
to obtain the added load 




Fig. 7. Four mctkodt of loading two intercon¬ 
nected itationt having different heat rates 


B.t.u., whereas station B would require 81,000 
B. t. u. to produce tiie same load iucrement. 

It may be noted that the dotted curves corresponding 
to tile incremental heat rates are lower than the average 
heat rates while the heat rate carves are diminishing; 
that the incremental and average heat rates coincide 
whore the average heat-rate curve is horizontal; and 
that the incremental rate is greater whep the average 
is increasing. It can be proved nmtiiematically and 
actually demonstrated that the most economical 
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drasion of load is obtained when the incremental 
rates are equal. 

As an example of a typical loading problem where 
two stations with different heat-rate characteristics 
are available, Fig. 7 illustrates the effect on system 
economy of operating the high-heat-rate station in 
.different ways. Case I assumes that the best station 
alone is capable of carrying the entire load safely up 
to its full capacity, with the poorer station shut down 
cold. Thus if a S 3 %tem load up to 280,000 kw. were 
carried on station B alone, it would follow curve I. 
In case II it is assumed tW station A is held with 
banked boilers, ready for em^ency use in the event 
that station B might require emergency assistance. 
In this case the system heat rate would be represented 
by curve II. Case III goes one step farther than 
case II in that station A is maintain^ as a miming 
reserve, with incremental divition of load between the 
two stations. In this case the system heat rate would 
be as shown by curve III for loads above 2000,000 kw. 
In case IV station A is maintained as a running re¬ 
serve as in case III, but the load betweei the two 
stations is divided by the base loading method. The 
system heat rate under these conditions would follow 
curve rv. 

An interesting feature of the set of curves shown in 
Mg. 7 is that for loads above 240,000 kw. the system 
heat rate is loww with station A in op^tion than 
with it shut down cold. Should there be an appre¬ 
ciable numb^ of kilowatt-hours to be generated at a 
system load higher than 240,000 kw., not only would 
the ^stm be better protect^ by having station A in 
operation but the actual integrated heat rate would be 
better, as well as the instantaneous rate. 

As supplmentaiy to the foregoing discussion, the 
curves of Figs. 8, 9, and 10 are presented. Mg. 8 
shows the heat-rate characteristics of a station with a 
givai combination of boilers and various combinations 
of units in op^tion. For purposes of academic 
interest an avmige station heat-rate curve, such as 


has been used for the two previous demonstrations, 
is superposed on the group. Fig. 9 indicates the 
po^ble widespread variation in station heat rates, 
particularly of standby stations when the station plant 
factors and the capacity held available for emergency 
use are changed arbitrarily. Mg. 10 shows the genwal 
range of boiler and turbine characteristics in a large 
metropolitan district. The numbers opposite each 
curve represent the numb^ of boilers or turbines 
obsaved to have the characteristics shown. For 
clarity, only a typical curve for each group has been 
drawn. 

Basically, the problem of load division in a metro¬ 
politan area is a problan in themodynamics. Ascer¬ 
taining the principal characteristics of the equipment 
imder operating conditions has become an extremely 
refined operation and is in itself a very large subject. 
The tremendous number of combinations of boilers 
and turbines which exist in any large interconnected 
system, the limitations imposed by the electrical system, 
and the ability of standby stations to be available 
instantiy, make a complete solution extremely intricate. 
Instruments, however, have been developed to take 
care of the tremendous number of combinations once 



Fig. 9. Effect of peak plant capacity and load 
factor on station beat rate 
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Fig. 11. Comparison between actual system 
m nthly heat rate and computed value 


the basic boilo* and turbine charact^stics have been 
determined properly. 

Both the accuracy of the computations and the 
operation may be cheeked as shown in Fig. 11. This 
gives an illustrative group of station heat-rate curves 
as computed, and shows the computed monthly heat 
rate as compared with the actual monthly heat rate. 
The computed and actual rates may be seen to be 
practically identical. 

By way of summary, the economic loading of gen¬ 
erating stations possesses a wide variety of aspects all 
of which should be studied in order to arrive at a true 
perspective. The solution must be built up from 
individual equipment performance data in which tiie 
boiler charactmstics play the most important part. 
This is particularly true when comparing two or more 
separate stations. It has been found also that obtain¬ 
ing accurate equipment characteristics has effects 
b^ond the furnishing of data for load division and 
the establishing of “bogies” for opaation. Manu¬ 
facturers of large equipment have difficulty in checking 
thdr design practises without actual tests, and these 
can only be run after the equipment has been installed. 
Thus successive designs and guarantees may be based 
upon accurate information taken in the field rather 
than upon theoretical computation and extrapolated 
^timato. Furthermore, correct operating character¬ 
istics permit an estimate to be made of how well the 
system is being operated with respect to its possibilities, 
and this in tom gives assurance that no major improve¬ 
ment is bring overlooked. 

Basically, a load schedule should be set up on the 
assumption of imlimited tie facilities with no restrictions 
as to starting up or shutting down equipment. Sched¬ 
ules then should be set up adding successively the 
dements of safe operation of equipment, continuity 
of service, restrictive boiler-loading conditions, and tie 
capacity. In this way the cost of each i^biting 
dement inay be determined. Such evaluations may 
be continued to take in the addition of new ti* capacity, 
feeders, or ^tion Sduipihmt. 
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The Engineer 
in Civic Affairs 

Some of the features involved in the prob¬ 
lem of "establishing a high professional 
standing of engineers in public affairs" 
are discussed here. Establishment of state 
and local engineering councils, and some 
means of "certification" of engineers by 
national professional societies are men¬ 
tioned as steps toward a possible soluti n. 

By 

J. ALLEN JOHNSON BiifbUo. Niagara & Eastern 

Fellow A. I. E. B, Bwr* Oorp., Buffalo* N. Y. 


TTHE QUESTION of establishing and 
maintaining a high professional standing of engineers 
in civic and other similar affairs is one which requires 
limitation and definition to bring it within the scope 
of a single discusrion. Three possible interpretations 
surest themsdves: 

1. A complaint against public opinion because engineers' opinions on 
public questioiis are not given the respectful attention which engineers 
think they deserve* 

2. A crlticisni of the engiuetting profeaslCHi implying that professional 
standards are too low to cause engtaeering opinions on pui^ matters to 
command public attention and respect. 

3. An implication that although the profession and its standards are 
all right, a technique through which to make the profSosslon authoritatively 
and effectively articulate on mibllc questions is lacking. 

If the first su^ested interpretation were the correct 
one, and the effort were to devise ways and means of 
convinring the public that engineers should be Ust^ed 
to with greater respect whai they deign to speak, I 
confess that I should have little sympathy with it. 
The time has passed when the pnffessions had a monop¬ 
oly on education. Nowadays an opinion on public 
affairs must run the gauntlet of well-informed persons 
in all walks of life, and must establish itself through 
its content ratho: than through its source. 

Ther^ore, I shall assume that it is the migineering 
profession ra1h» ihan the public whidb is to be scruti¬ 
nized in this discussion, and that questions of both 
standards and methods are to be considered. In the 
subject thus defined there seem to be two questions 
involved: 

1. How to establish a high professional standing of engineers. 

A dissertation presented at the conference of officers, delegatee, and 
members held at Asheville, N. O., June 22, 1981, in connection witii the 
annucJ summer cony^tlon of the A, I. B. E. Not published In painphlet 
form. 
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* 2, How to establidi a high etandiug of the engineering profession in 
public affairs. 


Individual Ideals Must be High 

The attributes and responribilities of these two 
aspects of professional life are well stated in an article 
on the “Professional Status of the Engineer” by W. E. 
Wickenden, president of the Case School of Applied 
Science (Cleveland) which appeared in the October 
1930 issue of Civil Engineering. Dr. Wickenden states 
the following four attributes of mdividual professional 
life. 

A type of activity marked by high individual responsibility and 
dealing with problems on a high Intellectaal plane. 

'*2. A motive of service, as distinct from profit. 

‘*8. A motive of sdf-expression which implies a joy In one’s work and 
a single standard of workmanship; one’s best. 

'*4. A oonsdons recognition of social duty to be accomplished, among 
other means, by: (a) sharing advances in professional knowledge; <b) 
guarding the standards and ideals of one’s profession, and advancing it in 
public understanding and esteem; or (o) rendering gratuitous public service 
in addition to ordinary professional service, as a return for special advan¬ 
tages of education and status.” 

As a means by whidi mdividual engineers may attain 
a high professional standing I should recommend the 
conscious recognition and practise of these ideals which 
thoroughly express what should be the ethical and 
mental attitude of an engineer. 

Group Responsibilitibs 

Doctor Wickenden also states the following as attri¬ 
butes of group professional life: 

”1. A body of knowledge (science) and art (skill), held as a common 
possession and to be extended by united effort. 

”2. An educational process of profiesstonal aims which implies a con- 
structlve share by the professional group in the ordering of education. 

**3« A standard of QualiflcatiODs for admission to the jttofessional 
group, based on character, training, and competency. 

”4. A standard of conduct in relations with clients, colleagues, and the 
public, baaed on courtesy, honor, and ethics. 

”5. A recopition of status by oolleagaes or by organised society, as a 
basis of good standing. 

**6. An organization of the professlGnal group, based primarily on 
common interest and social duty rather than upon eoonomle. monopoly 
(not universal in the artistic professions) 

In addition to the obligation of tine engineer to main¬ 
tain a hi^ professional standing as an individual there 
appears the obligation or desirability of establishing 

som^ow this “recognition of status.by 

organized society” for the engineering group as a whole. 
Doctor Wickenden ably discussed this subject under the 
hradii^ of four questions: 

"i; Sliould in nek to dtvlile Uie prolMloii Into nratn. or 

ntttntelnaDlndTistirotoTmotniaiiizatioiir 

"3.. Shoald ire look to th« poMlc or to onraalTflg to Mt tm miH 

oiirrimfawlmitfatMdMdir 

"S.- SbaUiMnMmFr.tiwdoontfaoisMitotlioprolMionr 
SlunvofmiMMnorotlgiSataiidudsiipmiUieodUces?'’ 


The Matter of Organization 

Under the first question would seem to come the 
problem of our own Institute organization. Should we 
have a single grade of membership or should we main¬ 
tain the several grades? Much is to be said for the 
graded membership principle. In this covmtry we have 
no aristocracy; no peerage. The result has been that 
for measuring one’s attainments in life, no yardstick 
seems to be left but the financial one, a condition which 
I bdieve is largely responsible for the unfortunate 
American habit of measuring success entirely in terms 
of dollars and cents. Human brin^ seem to be 
possessed of an inherent desire to rise above the “com¬ 
mon herd.” Of those who fail to satisfy that desire by 
the acquirition of wealth, many seem to find satisfac¬ 
tion in the firatemal and sodal organizations with which 
this country is blessed (or cursed?) and get the satis¬ 
faction which they seek by attaining the distinction of 
Section as “Kingfish of the Mystic Knights of the 
Sea,” or perhaps as Fellows of the American Institute 
of Electrical Engines. Personally, I believe that this 
sort of thing is a human necesrity. Perhaps the field 
for its proper exercise is within the bounds of our pro¬ 
fession^ and social organizations rather than in our dvic 
life as a whole, but in my opinion a country which had 
no means of measuring the worth of its dtizens other 
than by a dollar dgn would be in a bad way. 

Under the second question comes the matter of licens¬ 
ing engines. In spite of the genial opinion of engi¬ 
neers of high standing, that licensing is not the solution 
of the problem, we not only are facing, but even now 
are in tiie midst of the licensing problm. This subject 
already has been set forth in discussion and will not be 
treated here. 

Under the third item again appears the question of 
professional sodety organization. Some have thought' 
that we open our doors too wide and that higher qualifi¬ 
cations should be required for admission to any grade 
of membership in a national engineering sodety- 
Howeva*, otu* prindples and practises, as a sodety 
(A. I. E. E.) are long establish^ in this matter and it 
appears doubtful that th^ should be cbangdi at this 
late date. 

Und@r the fourth question comes the problem of 
engineering education. While this problem has an 
important bearing on the broad question of the status 
of the engineer in the community, it is too large a sub¬ 
ject to attempt to interject into this discusedpn. 

* 

Is Certification the Answer? 

A solution of the problem of establishing for engineers 
“recognition of status by organized sodety” suggested 
by Doctor Wickeiden is “the certification of engineers 
by our major professionai -sodeties.” His proposal in 
t^ regard is worthy of bdngqnoted^in full. He says: 
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“Spedacally. I shoiUd Uke to advocate one measure. It is In no 
a cure-aU yet It would help in some degree toward the solution of each of 
the problems which has been discussed. This measure is the cwtificatton 
of engineers by our major professional societies. I would favor keephig 
the profession open, not makin g it a legal monopoly; and I would let 
Uoenalug laws run their course anta they find the level of their inherent 
limitations. I would keep our membership Inclusive and not too rigidly 
graded, granting to enginiaers who pass into administrative duties the full 
fellowshhi of the profession. I should keep educattoned doors open to 
even greater variety, with a minitmim of regulation and a moyfimim of 
guidance by the organized profession. All this is broad church doctrine 
In harmony with our history and traditions, and aU good as far as It goes. 
But the profession needs more than an open association of like-minded men; 
It needs an Inner nucleus of highly qualified men whose professional stand¬ 
ing and standards the public cannot possibly mistake. A plan of certifi¬ 
cation by the profession is a task for many men to work out. not one. 
May I suggest, however, the following features: 

Oertiflcatlon should be earned, not granted as a mark of honor. 

There should bo a code of educational qualifications more advanced 
than mere graduation from college and yet attainable by both college and 
non-coUege men. 

*% These qualiflcatioiis should be tested individually, not gaged by 
personal estimates and testimonials alone. 

**4. Bducational qualifications should comprise flciAn ttnc, 
economic, and civic knowledge of a mature order. 

‘*6. There should be a code of experience qualifications which would 
normally make the age of certtflcation fall between 25 and 30. 

*'6. The certification of graduates should be the goal toward which the 
colleges and the professional societies should bend their influence. To 
end the colleges should be encouraged to limit the award of professional 
degrees to those who previously have been certffled.** 


CHARAOEEiR CANNOT BE INCULCATED BY STATUTE 

is a chall^ge to the engineering societies and 
the engineering profession as a whole which seems 
wortiiy of very careful consideration. It is no easy 
problem; the setting up of the necessary standards and 
qualifications for certification will be a long and difficult 
task, and the administration of the certification machin¬ 
es after its establishment will caD for men of the 
highest attainments and maturest judgment. And it 
all will cost money. If, however, the engmeering pro¬ 
fession decides that the results to be obtained will be 
worth the effort and cost, this seems to be a solution 
which would meet the desires and opinions of many of 
ow memb^. I believe tiiat its attainment, howev^ 
desirable, is rather remotely in the future. Is tiiere 
nothing that can be done in the meantime? 

As.to the licensing of engineers, doubtless some good 
can be'accomplished if licensing laws are properly set 
up and administered, but as a means of separating the 
sheep from the goats in the engineering profesdon, I 
personally question the efficacy of inflexible statute 
laws. Character and abilily: cannot be inculcated by 
statute. 

Is not tile immediate problem that of “establishing 
machinery tiirough which ifre opinions of conpetent 
engineers may be recognized, reflected, and made 
effective in public affmrs?" 

In an attempt to answer this question, suppose we 
consider how we ourselves as “laymoi” regard the 
opinions of lawyers, ministers, and otiiers on public 
questions. In evaluating such an opinion, do we not 
subject it to critical analysis in the li|^t of our own 
knowledge and judge it more by its content than by the 
standing pf its authoro? Particularly if the subject 


under consideration is one outside of the author's 
immediate spedalized field. 

Therdore an egression of opinion, whether by 
engineers or otiiers, to be respectfully received by the 
public must either (1) be confined to a subject on which 
the author is a recognized authority, or (2) must contain 
within itself such evidence of breadth of view and sound 
judgment that it carries its own conviction. 

PuBuc Affairs Committees Suggested 

Opinions by men of the enginemng profession on 
matters of public interest rarely can be espected to fall 
in the first of these classes. ■ Whence it would appear 
that the only way to make respected and effective the 
opinions of engineers on public questions is to establish 
some way by which such opinions can be made to bear 
on thdr faces the evidence of thtir own value. How 
can this be accomplished? How do we accomplish it 
in our own organization? If we wish to obtain a well 
considered sind seasoned opinion on any engineering 
subject, standardization for instance, we appoint a 
representative committee frum those best qualified to 
pass judgment on the matter. This committee meets, 
discusses, investigates, compromises, and ultimately 
arrives at a consensus of opinion which, when finally 
promulgated, is rectived with resfpect and usually 
accepted by the industry. If the enginemng profes- 
aon expects its opinions to be recaved with respect 
by the public tills same method must be followed. 

How, then, should such committees or groups be 
constituted? Obviously no one professional society 
can act alone in public matters; cooperation of all seems 
necessary. A start already has been made through the 
organization of The Engineering Coundl, a joint 
activity of tiie national engineering sodeties set up to 
deal with national affairs. 

The next step in a lo^cal devdopment along these 
lines appear to be the establishment of state engi¬ 
neering coundls to deal witii engiuemng problems 
confined within state boundaries. Some action already 
has been taken in this direction. 

Local Engineering Councils Logical 

The third logical step would appear to be the forma- 
tiou of local engineering coundls. Sudi coundls 
already have been established in certain places and some 
of these are understood to be functioning successfully. 
Such local coundls doubtless at first would have to be 
confided to the larger centers where local units of the 
national engmeering sodeties exist, where they can be 
organized by joint action of such local groups. Possibly 
later on,. m(Kui8 may be found to establidi sudi local 
coundls in smaller communities. To be useful to tiie 
community, such local councils should establish some 
sort of working arrangement with tiie local goYaning 
bodies. 



^Assuming then that the immediate solution of the 
problem of making the opinions of engineers respected 
and effective in public affairs lies in the formation of 
national, state, and local engineering councils, how can 
the A* I. E. E. promote the formation of such groups? 
I advance the following suggestions: 

1. By gathering information on existing local and state engineering 
councils. 

2. By a standing committee to promote, oversee, and 

advise such local councils In cooperation vtith similar committee in other 
national sodeties. 

8. By prefmred courses of local cooperation between 

A. I. B. B. Sections and units of other national sodetief for Joint action in 
local pabUc affairs. 

4. By formulating in cooperation with the other sodeties a code of 
procedure and ethics to guide local councils. 

0. By codifying successful methods of cooperation or contact between 
local councils and local govemlzig bodies and assisting in establishing such 
contacts. 

In summation, the solution of the problem of '*estab- 
lisbing a high professional standing of engineers in civic 


and other affairs,” may be along either or both of two 
lines: 

1. Establishment of stote and local engineering councils by Joint 
action of the national engineering sodeties. 

2. “an inner nucleus of highly Qualiffod men whoeu pro¬ 
fessional standing and standards the public cannot possibly mistake” by 
some method and process of “certification of engineers by our major engi¬ 
neering sodeties.” 

Should the second plan ultimately be adopted, the 
various engineering councils might well be made up 
exclusively of '"certified” engineers. The councils 
themselves, in all probability, still would be necessary, 
however; As an immediate step toward the desired 
end the formation of such councils composed of engi¬ 
neers of recognized high professional standing need not 
wait for the certification plan to be adopted. 

l!ditor*s Notet Oorrespondenco Is invited pertaining to any phase of 
the important subjects touched upon by Mr. Johnson. Bvery engineer 
all too soon will find himself the object and subject of inevitable legisla¬ 
tion. For the greatest good of all concerned each individual should axiu‘t 
himself in cooperation with his national society to effect the nocoasary 
guidance and control of the sltoation. 


Series Resistance 
To Increase Stability 

As a possible method of increasing the 
transient stability limits of a long trans¬ 
mission system the author discusses the 
effects of inserting series resistances into 
the generator circuits to load the machines 
during fault conditions and i\iu$ retard sub¬ 
sequent overswings. 


By 

R. C. BERGVALL Weatinidtouae Blec. & Mfg. 

Aasodate A. I. B. B. Pittsburgh, Pa. 


Oeimands for continuity of 

power delivery from laige dectric stations which 
depend upon long transmission lines have expedited the 
developm^t of high-speed circuit breakers and relays. 
Modem equipment will dear a fault with sequential 
breaker operation in from 8 to 16 cydes, depending 

From **8eries Bss te ta nc e Method of Increasing Transieint StablUty 
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upon the proximity of the fault to one end of the line. 
Because of the relatively low stored-energy-per-kilo- 
watt factor of hydroelectric units and some steam units, 
even this short time, however, will not prevent loss of 
synchronism in many cases. 

In this discussion consideration is given to the effects 
that may be achieved by inserting a relatively high 
series resistance into the generator circuit upon the 
advent of a short circuit. As an example for descrip¬ 
tive purposes, consider a short circuit to occur very 
dose to [1] on the line [l]-[2] as shown in Kg. 1. The 
proposed series resistance normally would be short- 
circuited by circuit breaker [3]. A normal 60-cyde 
system is assumed; impedances as given on the diagram 
are based upon generator rating (kw.) and represent 
t3T)ical proportions. To assure that the ratio of 
resistance percentage to generator rating remains 
unchanged regardless of the number of machines in 
service, it is considered that resistances should be 
connected as shown in Kg. 2. 

Upon the occurrence of a three-phase short circuit 
near circuit breaker [1] the gendator dectrical output 
will be decreased instantly from 100 per cent to 12 per 
cent of rating as a result of the low power factor in the 
fault-current (circuit. The prime mover will continue 
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to apply 100 per cent torque and the difference of 88 
per cent torque will accelerate the rotor. Circuit 
breaks [3] can be opened in from 6 to 6 cycles to insert 
the series resistance, and the resulting power loss will 
increase the generator electrical output from 12 per 
cent to 106 per cent until circuit breakm* [1] opens after 
8 cycles. A similar action takes place during the 
interval from 8 to 16 cycles when the fault is entirely 
removed from the system by the opening of circuit 
breaker [2]. The series resistance limits the rotor 
acceleration to about the same amount as would 
obtain if the fault were entirely removed in 5 or 6 
cyel« instead of in 16 cycles. This indicates the 
possible ben^cial effects of loading the generators by 
inserting series resistance in the drcuit during the 
fault period. After the fault has been cleared, the 
added series resistance component even though it 
increases the total circuit impedance exerts a sub¬ 
stantial stabilizing influence because the stored energy 
of the hydro generators is less than that of tiie load 
center. 

This action is shown in Pips. 8-6. Fig. 4 shows 
that the series resistance increases the maximum 
possible generator output from 147 per cent to 188 
per cent of rated kilowatts. This is done at the «cpense 
of decreasing the maximum received power from 140 
per cent to 92 per cent due to the loss in the series 
resistance. Figs. 5 and 6 show the corresponding 
power-angle diagrams. The shaded area in Pig. 6 
shows the additional retardation area made available 
by the series resistance for reducing the overswing of 
the hydro unit. This large retarding force, acting 
only on the relatively low inertia of the hydro units, 
permits them to reach the position E," (Fig. 3) instead 
of the position E,' 18 cycles after a given fault, making 
the large gain of Ui deg. The decreased poww delivered 
to the load center is shown by Fig. 6, but due to the 
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Fig. 2. Preferred location of series resistors 
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Fig. 3. Vector positions 18 cycles after fault 

Angle l>etween E$ Er decreased by serids resistance. 
Lov>lnertia genemtors retarded at greater rat« than hig^-inert!a 
load c&ter « 



high inertia there as compared to the hydro generators a 
retardation of only a 2 deg. occurs. At the end of 18 
cycles the total angular displacement has been decreased 
Oi - as deg. as a direct result of the insertion of 80 
per cent series resistance in the generator neutral leads. 

The series resistance^ therefore^ is bene&dal in 
maintaining stability, both during and after a fault. ' 
Even if it is left in the circuit for a considerable time 
after fault clearance, the only effect will be a decrease 
in system frequency resulting from the added resistance 
loss; sjmchronism will be maintained. 

Calculations Checked by Test 

For the purpose of checking the methods of calcu¬ 
lation used a shop test set-up of proportions sTmilar to 
the hydroelectric transmission system of Fig. 1 was 
made. The hydro station was represented by a 100- 
kva. synchronous motor-generator set with the d-c. 
end acting as a prime mover. Sufficient external 
resistance was used in series with the motor armature 
to give it approximately constant-torque character¬ 
istics over a sufficient range of speed. The tests 
showed that for the same fault and time of drcuit 
breaker operation, more than 60 per cent additional 
power could be delivered through the use of the series 
resistance without loss of synchronism. 

For a system where the synchronous equipment at 
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Fig. 4. Circle diagrams 
for single-line servic 


Fig; 5. Generator power- 
angle diagram 


Fig. 6. Receiver power- 
angl diagram 
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Fis* 7. Transients on typical system showing effect 
of series resistance 


the load-end is smaller in proportion to the hydro 
station than usually is the caset angular oscillations 
obtained from a point-by-point calculation with the 
help of an a-c. calculating board are shown in Fig. 7. 
There the dotted line indicates the rapidity with which 
the hydro generators go out of synchronism as com¬ 
pared to the characteristics of the synchronous machines 
at the load-end, if no series resistance is inserted. The 
full lines show the angular oscillation with 80 per cent 
series resistance inserted in the circuit during the period 
from 6 to 25 cycles following the fault. It is evident 
that synchronism will be maintained, because the 
angular deviation has been restored to about normal 
within 60 cycles and the system wiD stabUize itself 
after a few oscillations. The downward slope of the 
curve indicates that the system frequency has decreased 
slightly as the result of losses occurring while the series 
resistance was in the circuit. .The slight decrease in 
frequency, however, is of no consequence so long as 
synchronism is maintained. 

The magnitude of the series resistance can be varied 
over a wide range with practically the same results; in 
any event it should be inserted as soon as possible after 
the fault occurs. The length of time that it is left in 
the drcuit will depend upon the individual system 
under consideration. The physical size of the resistor 
is approximately the same as that of a corresponding 
neutral resii^r that would be used with a generator 
of the rating under consideration. 

CO^JCLUSION 

indicated, it is believed ^t by inserting series 
resistance in the drcuit for a short time, synchronism 
can be maintain^ readjly on a hydro system of normal 
proportions and for any ^e of fault, with the speeds of 
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circuit breaker and relay operation now available. The 
cost of the series resistance and its drcuit breaker in 
general will be less than the combination of other 
measures that have been used and considered in the 
past. Unlike most of the other measures for improving 
stability, the resistor installation can be deferred until 
operating experience indicates that the added expendi¬ 
ture to maintain service is justified. 


Calculations for 
Inclined Catenary 

A method is outlined whereby the vertical 
and horizontal projections of contact-wire 
hangers are computed separately and the 
hanger lengths in turn obtained from these. 

The method postulates a smooth horizontal 
curve of contact wire, and can be used for 
both regular and Irregular curves. 

By 

B. M. PICKENS Weatlnghouae Elec. Ac Mftf. 

Aasooiate A. I. E. E. Pltts1)iirgh. Pa. 


Inclined catenary on curves of 

rmlway overhead contact systems is used now quite 
generally in the United States on systems having a 
single contact wire, whether simple or compound 
catenary. An analysis of some of the problems in the 
design of inclined catenary is presented here outlining 
a fairly simple and direct method of solving them. 

Design of inclined catenary for curves is not so simple 
as the design of tangent catenaiy. On regular curves of 
uniform span length the hangers on each different 
degree of curve will have different lengths and angles, 
but standard hangers can easily be calculated for each 
different degree. On transitions from tangent to regu¬ 
lar curves or on sections of track where the degree of 
curve is continuaDy varying, a separate set of hangers 
must be calculated for each span. 

Forces acting in the catenaiy system are analyzed 
by considering separately the vertical and. horizontal 
projections of the wires and hangers. For a horizontal- 
contact wire if the vertical projection of the shortest 
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curve hanger is made equal to the length of the shortest 
tangent hanger, the vertical projection of the inclined 
catenary will be the same as the vertical projection of 
the tangent catenary for a span of the same length. 
Consequently, all vertical dimensions can be calculated 
as if dealing with tangent construction. 

Horizontal dimensions can be found when the curve 
of the contact wire with reference to an axis between it 
and the messenger projection is determined (see Fig. 1). 
The general relationship between any three adjacent 
contact-wire ordinates, which determines the shape the 
contact wire must assume in order to be horizontal is 
given by the following formula; 

^n-l~/n[2 + c/(l + X^/Ci) 1 — tn-l 

wlierG c ^ sw (M -f* T)/vq T M 
Cl = 2 M/W 
M — messenger tension In lb. 

T' - contact-wire tension in lb. 

W = weight of system in lb. per ft. 
s = distance between hangers in ft. 
w “ weight of s ft. of contact wii’o in lb. 
vq ~ vertical projection of shortest hanger in ft. 

X = distance of nth hanger from center of span in ft., measured 
along axis. 

Other relations are as shown in E'ig. 2. 

From this equation general shape curves can be 
drawn for any given catenary system. These are called 
the U and the S curves and are shown in Fig. 3. The 
U curve corresponds to the shape the contact wire will 
take on a constant radius track curve. The S curve 
corresponds to the shape the contact wire will assume 
on a reverse curve where the reversal occurs at the 
center of the span. Shapes of the contact wire for 
curves between these two extreme types can be found 
by adding together the two curves. The specific shape 
the wire will take on any given curve is determined by 
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Fig. 1. Vertical (above) and horizontal (below) 
projections of messenger and contact wire on 
inclined catenary 
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'that ijm. MIT, where M and T are the respective tensions in 
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Fig. 2. Horizontal f>rojections ol three adjacent 
h^ger locations at any place in the span 
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finding the correct multiplier for the U and S curves; 
thus a general equation may he written, 
t ^ aU + h S 

where a and h are the respective multipliers of U and S 
curves to satisfy the conditions of the particular curve 
in hand. In the case of uniform curves where the span 
lengths do not change, h becomes zero and a is deter¬ 
mined by the length of span, the radius of track curve 
and the slope of the U curve at the support. 

The contact wire must take a smooth continuous 
curve from span to span. Mathematically this means 
that the contact wire curves for two adjacent spans 
must have a common tangent at the support. This is 
one of the conditions used in the solution of the con¬ 
stants for the general equation of the contact-wire 
curve. These constants are obtained by solving si¬ 
multaneously the group of equations which can be 
written for two adjacent spans. The data regarding 
the track characteristics are obtained from field mea¬ 
surements or track plans. In order to obtain a solution 
it is necessary to approximate a value for the contact 
wire ordinate at the third support in the two spans but 
it can be done by treating the section of track, at the 
third support, as a uniform curve. The value used will 
be checked automatically by the calculations for the 
next span. When the constants for the general equa¬ 
tion are obtained the values for the contact wire ordi¬ 
nates at the various hanger locations and supports 
can be calculated and all the values for hanger lengths, 
angles and support locations are known. 

The contact-wire curve may not assume the same 
shape as the track curve. On uniform curves it can be 
given practically the same shape as the track curve but 
this imposes certain limitations on the design that are 
not always desirable. The average unit stresses in the 
supporting and supported wires must be the same for 
materials of the same specific gravity. Where this 
design condition is not followed the contact-wire curve 
will depart somewhat from the track curve and must 
be allowed for in the design. 



Fig. 3. "U" and "S" curves showing relative 

horizontal projections of hangers at different points 
in the span. Values for one-half of the span 
only are shown, the other half being symmetrical 
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Catenary Construction 
iTeCleveland Terminal 

Desisn and construction details involved In 
the electrification of 59 track miles in con¬ 
nection with a major union terminal de¬ 
velopment are outlined. 


19-wire hard-drawn copper, and the hangers supporting 
it are of No. 1 hard-drawn copper wire. 

For yards and crossovers the auxiliary messenger 
is dispensed with. The two 4/0 grooved bronze con¬ 
tact wires are placed one above the other, the upper one 
suspended by means of hangers from a ^-in. bronze 
messenger, and in turn supporting the lower one by 
clips. 

In the station area, tandem contact wires only are 
used. These are 4/0 grooved bronze wires, one above 
the other as in yard construction, suspended in approxi¬ 
mately 70-ft. spans. This construction was necessary 


By 
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Non-meittber 


FonxMcIy ivlth Tbe 01eyo> 
land Union Term. Oo. 

The devdand Union 
Tenninals Company 


Heavy currents and low over¬ 
head clearances were the principal factors governing 
the design of the catenary S 3 rstem of the Cleveland 
Union Terminal at Clevdand, Ohio, where twenty 
^200-ton electric locomotives are in active service, 
each capable of pulling a fifteen-car pullman train up 
the maxiiniun grade. Throughout the electrified 
system were many overhead bridges having relatively 
low clearance, and most of the station area is covered by 
buildings with an overhead clearance of but 17.5 ft. 

Two main tracks were ^ectrified for a distance of 
11 mi. east of the public square, where the station is 
located, and about 6 mi. west of the same point. 
Including crossovers and yard tracks, the total electri¬ 
fied mileage is about 59 mi. Two substations, each 
approximately midway between an end of the elec¬ 
trification and the Cleveland station, supply the 
catenary system with 3,000 volts direct current. 

Catenary Construction 

The tangent chord type of construction is used, 
because the weighty system necessary for the carrying 
of heavy currents does not lend itself readily to the 
inclined type of construction. Except through the 
Cleveland station, the construction over the two main 
tracks consists of a primary messenger supporting by 
hangers a secondary or auxiWy messenger to which are 
clipped two 4/0 grooved bronze contact wires placed 
side by side. The primary messenger has a 19-wire 
core of high-strength bronze, and a l^wire outer layer 
of copper, the total conductivity being equal to 360,000 
dr. nfils of copper. The aux^ary; messenger is 4/0, 

From **De8ign of OatenAry System for develaiid Union Terminal.*’ 
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Dead-end c n$(ruc- 
tion for two main¬ 
line catenaries. Yoke 
assemblies are used 
for the auxiliary 
messenger and c n- 
tact wires, similar 
to those f r th main 
messenger 


to keep the line down to around 17 ft. above the rail. 
The main messenger and auxiliary are dead-ended on 
both sides of the station, and one 150,000-cir. mil 
cable for each main line track is carried through a 
duct from one dead end to the other. 

Each main line catenary is divided electrically into 
five sections by four air-gaps or isolated sections. 
Separate feeders are run to the isolated sections, two 
sections being on the east and two on the w^-of the 
Cleveland station. 

The maximum span on tangent track was fixed at 
300 ft., giving a sag of approximately 5 ft. at 60 deg. 
fabr. with the assumed weights. With a 21-m. sus¬ 
pension assembly, a 6-in. center hanger, and an assumed 
3-in. distance between the auxiliary messenger and the 
contact wires, it was found that structures about 7 ft. 
6 in. higher than the contact wires were required. Due 
to the great number of low-clearance overhead street 
bridges it was decided to use the rather low normal 
contact wire height of 18 ft. 6 in. at 60 deg. fahr., thus 
giving a structure height of 26 ft. fbr a 300-ft. span. 

For spacing structures on curves, charts similar to 
those used by the designers of the Illinois Central 
catenary system were made up. It was assumed that 
on curves the contact wire would not be allowed to be 
more than 12 in. from the in^ned" center dine of the 
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track, either at the center line of the span or at the 
ends, thus giving a maximum allowable middle ordinate 
of 2 ft. In laying out the plans, celluloid curves repre¬ 
senting the’messenger wires with dead load at 0 deg., 
at 60 deg., and at 120 deg. fahr. wete made and used on 
profile paper to draw in the messenger above the con¬ 
tact wares. The height of all structures then could be 
read directly from the profile. 

When approaching low-clearance overhead street 
bridges the line was gradually lowered so that the 
messenger took its natural curve under the bridge, 
avoiding upthrust on the suspension insulators at¬ 
tached to the bridge. The natural curve used in these 
cases was the 0-deg. curve. 

The various structure heights obtained from the pro¬ 
file were grouped in st^ varying by 6 in.; foundation 
depths also were varied by 6-in. steps. This expediency 
permitted the structures to be designed in groups vary¬ 
ing in height by 1 ft. 

Sag and Tension Calculations 


equivalent span lengths up to 200 ft. using 160 ft., and 
from 200 ft. up using 240 ft. The equivalent span for 
the auxiliary messenger and contact wares was 20 ft. 

From the charts based on equivalent span lengths, 
curves of tension against temperature were plotted. 
These strin^ng charts were made up for all wires. 
The main messenger chart also had curves of sag against 
temperature, so that the messenger could be strung by 
either the sag-stick or the dynamometer method. 

The system of spacing hangers which was worked out 
is simple, looks well, and was easy to lay out in the field. 
The end hanger is always 10 ft. from the suspension 
clamp; then, working toward the center, there are as 
many 20-ft. spaces on each side of the center as wall go in 
evenly. Any space left in the center of the span is 
divided into from one to three equal spaces. An in¬ 
strument designed to roll along the messenger was used'^ 
to mark the spaces so that tapes were not needed. 
Hanger lengths were obtained to the nearest half-inch 
by a graphical method. 


Parabolic formulas were used in the sag and ten¬ 
sion calculations, because the parabola of the simple 
curves was considered to give the dosest approximation 
to the true curve of the messenger. The sag and tension 
chart was drawn for a 300-ft. span, modified slightly 
from the A. E. R. E. A. ch^ in that the load lines 
were made curved instead of straight, thus allowing 



Steady arms are used on tangent track to brace the 
auxiliary messenger and contact wires 


the use of a uniform scale for sag. The decision to use a 
non;Corrosive messenger was foimd to introduce large 
vertical movement that could not be avoided. The 
messenger finally selected had a sag of 46.S in. at 0 deg., 
58.5 in. at 60 deg., and 73 in. at 120 deg. fahr. for 
a 300-ft. span. 

The equivalent span, using Idail’s formula, was foimd 
to be 260 ft. for the main line and to range from 120 
to 280 ft. for the yard lines. As it was impossible to 
string every yard line on a different tenaon basis, the 
yard-line values iyae divided into two sets, those having 


Structural Details 

For dead-ending the main messenger thfe yoke set 
used comprises two parallel strings, each consisting of 
three 10-in. 18,p00-lb. insulators. The auxiliary mes¬ 
senger and the two contact wires are dead-ended wdth a 
similar assembly giving a symmetrical appearance and 
equivalent electrical strength. The dead-end assembly 
for the 3 mrd messenger and the two contact wares con¬ 
sists of two 12-in. 24,000-lb. insulators in series. 

At all structures on tangent track a steadyarm is 
used to brace the auxiliary messenger wire and both 
contact wires. At those structures which were followed 
immediately by a curve or spiral, a pull-off attachment 
added to the steadyarm was necessary because of the 
low auxiliary-messenger tension. If the contact wires 
are not held where slight changes in alinement occur, 
such as at the beginning of a spiral, they pull toward 
the inside of the cvure enough to permit the auxiliary 



The type of pull-off 
construction used ' n 
the main lines. Much 
time was saved in con- 
slructi n by the use f 
chain supports 
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messenger to gather slack from both sides of the steady- 
arm resulting in a large horizontal sag in the messenger 
at the point where it is clamped by the steady arm. 
On the sharper curves regular pull-offs without steady 
arms were used. 

An interesting feature of this installation is the use of 
galvanized chains instead of cable and Crosby 
clips to hold the pull-off. Much time was saved in 
erection, and it is expected that by this scheme much 
more will be saved in maintenance. The chain link is 
dropped into a slot in the vertical leg of an angle, which 
in turn is bolted to the column or bracket. 

The steadyanns were attached to the structui^ so 
as to be approximately horizontal at 0 d^. fahr., and 
the pull-offs, so that their slope at 0 deg. would be 
parallel to a line across the top of the track rails. 


Telephone Toll 
Cable Extended 

Completion of the longest telephone toll 
cable west of the Mississippi gives San 
Francisco and Los Angeles a 275-circuit 
all-cable communication channel, the 
equivalent of three of the latest-type 60- 
wire open leads completely equipped with 
carrier systems. The project cost ten 
million dollars, involved some heavy con¬ 
struction problems, and provided an 
important step toward an ultimate all-cable 
transcontinental system. 

By ‘ 

E. M. CALDERWOOD * Tei. 

Member A. 1. S. X. Oo., San Vrandaco 

D. F. SMITH So, OaJtf. Td. Oo.. 

A«80Cla^A,I.B.B. lioe Angdes 

• In the territory of Padflc 

Telephone and Tdegraph Company there are fovr 
inajca* centers of population: the triangle formed by 
Fdttkmd, Seattle, mid Spokane on. the north; the 
Saa Francdsco Bay district in the center; the Los 

San Fwndsc©^ Angelas Bsctfon of the Fadflo Coast 
Ca^ Network.” (No. 91.128) prssentled at tbe A. I. B. E. Padflc Ooast 
oottwatlon. Lake Taboe, Galllomla. Aog, 26*28, 1931 , 
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Nearly all the brackets, angles, etc., for supporting the 
catenary and holding it in the correct horizontal relation 
to tile track are fastened to the stiuctures with bolts to 
facilitate shifting them to conform with changes in track 
alinement. The steadyarm and pull-off attachments 
are designed to permit a vertical adjustment of 1 ft. 

After the erection was completed a final alinement of 
the overhead system was made, using the pantagraph 
of a trolley as a guide. The pantagraph was marked 
with white lines 1 ft. on each side of the center, and the 
catenary was so adjusted that the contact wires were 
kept within these lines at all points. It was found that 
very little realinement was needed. No major operat¬ 
ing troubles have developed during the several months 
that this catenary system has been in service; and it 
has proved very satisfactory. 


Angelefr5an Diego area on the south; and the Sacra- 
mento-San Joaquin’Valley area in the central part of 
Califomia. Originally, telephone service was estab¬ 
lished between these centers by the use of relatively 
small open-wire leads. As demands for intercity^ service 
increased, it became n^essary to concentrate more 
plant in the vicinity of these populous areas and also to 
enlarge the connecting routes. 

About 1920 it became apparent that in several cases 
future telephone facilities would have to be provided by 
means of cable. Hence a program was entered into 
initially involving cable extensions from Los Angeles to 
Long Beach, Anaheim, and Santa Monica; a cable 
between San Francisco and San Jose; and between 
Seattle and Tacoma. 

Prior to the installation of the San Francisco-Los 
Angeles toll cable there were two main open-wire toll 
routes (Fig. 1) between these points, one known as the 
coast route and the other as the inland route. These 
leads were of the phantomed type and were transposed 
for the use of carrier telephone systems. In addition 
to the voice circuits supplied by these facilities, they 
provided for miscellaneous services, such as telegraph, 
radio program supply, and picture transmission. 
Annual growth in the telephone circuits was such that 
after 1930 it was economically impossible to care for 
the requirements by additions to these leads. 

Various plans for relief were studied, resulting in 
1926 in the adoption of a program for the installation 
of a toll cable along the inland route. This cable, now 
completed, is the longest (412 mi.) west of the Missis¬ 
sippi; with buildings, and associated equipment, it 
represents an investment of approximately $10,000,000. 
It was placed in service S^tember 2,1930, and provides 
approximately 276 circuits, about tihe equivalent of 
three of the latest type six-arm j>ole leads fuUy equipped 
^th carrier telephone systems. Conductqrs suitable 



for both long- and short-haul circuits are included in the 
cable (Fig. 2) and means are available for furnishing all 
special servi^ previously mentioned. 



Fig, 1. Map showing open-wire and cabi routes 
bdlween^n Francisco and Los Angeles 
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Engineering Foundation 

The cable selected was a full-size Bell System stand¬ 
ard weighing approximately 7.6 lb. per ft. and having a 
le^-antimony sheath 0.126 in. thick. In this cable 
sfpirally wrapped pap^-insulated wires are twisted 
together to form pairs which in turn are twisted to¬ 
gether ingroups of two pairs to form “quads,” the unit 
dealt with when it is desired to use phantomed opera¬ 
tion to enable three voice paths to be derived from two 
pairs of wires. 

To decrease the attoiuation or transmission loss, 
loading coils in cast iron or welded steel cases are asso¬ 
ciated with each pair at regular intervals throughout 
the route. Three Bell Standard loadinjg systems were 
selected. One (known as H-44-26) is used for long-haul 
service and consists of 44-mh. coils on sides and 24-mh. 
coils on phantoms, these coils being placed on H or 
6,000-ft. spadngs. This loading is placed on 19-gage 
wire and the facilities so obtained are operated on a four- 
wire ba^ (». e., separate paths for the two directions of 
fransmmon). Having separate paths for transmitting 
in two directions makes greater amplification postible at 
rep^ter oflSces and greater freedom from diflSculties 
ai^ng from electrical reflection or echoes. However, 
with the longer four-wire drcuits it still is deniable to 
install equipment Which eliminates the echo return 
path. H«ice echo suppressors are installed at Fresno. 

The next loading system, in order of decreasing 
excdlence, consists of the same weight of coils with the 
same spacing on 16-gage wire, the actual loading differ¬ 
ing only in slight adjustments for cross-talk. These 





Typical cron-section 
Angeles unit of new t 


of. Fresno-Los 
I cable 
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Fi^. 3. Cable construction adiacent to old open- 
wire lead through Tehachapi Mountains 

Frill-treated 25-ft. Douglas fir poles on 110-ft. spans are normal, 
although pole heights run to 60 ft. and spans to 610 ft. 

facilities are used on a two-wire basis (L e,, the same 
path for the two directions of transmission). The 
third system of loading, which has been used on either 
16- or 19-gage wires, provides circuits for relatively 
short hauls only. This system of loading (known as the 
H-172-68) uses 172- and 63-mh. coils on the sides and 
phantoms, respectively, placed on 6,000-ft. spacings. 
A fourth loading system (B-22) not yet in place is pro¬ 
posed for very high-grade service in transmitting radio 
broadcast programs. This loading is placed on 16-gage 
pairs and consists of 22-mh. coils placed at 3,000-ft. 
intervals. 

While loading decreases the attenuation of the voice 
current, amplification still is required at certain inter¬ 
vals on the longer cable circuits. This is obtained by 
using vacuum-tube amplifiers or “repeaters” more or 
less regularly spaced along the cable. The practical 
limit in improvements obtainable by loading, and the 
lower cost of relatively small wires, made economical 
the placement of repeaters at about 60-mi. int^als on 
the Los Angeles-San Francisco cable. There are three 
types of these repeaters which have been standardized: 
the first is the four-wire amplifier consisting of two 
independent amplifiers for the two directions of trans¬ 
missions; the second is for two-wire circuits and con- 
sdsts of two one-way amplifiers interconnected through 
devices known as hybrid coils which separate the two 
directions of transmission; and the third type is for use 
on the 16-gage B-22 loaded circuits transmitting pro¬ 
grams for radio purposes. These are high-qu^ty 
amplifiers passing a very wide range of frequencies and 
are used for transmitting in one direction only. The 
shortiiess of the spacing between Ae repeater points at 


Rah Francisco and Oakland was justified for practical 
and economical reasons in connection with 22-gage 
cable in the submarine section. (Fig. 1.) 

As a general rule 20-cycle current is used for signaling 
on the shorter cable circuits on which telegraph circuits 
are not superposed. For circuits more than two re¬ 
peater-sections in length, 136- or 1,000-cycle signaling 
currents are used, depending upon the economies of the 
particular case. If 1,000-cycle signaling is used, it is 
interrupted at the rate of 20 cycles per sec., and has the 
advantage of passing through and being amplified by 
the repeaters, necessitating no equipment for relaying 
around the repeaters as is the case for 20- and 135- 
cycle current on circuits more than two repeater- 
sections in length. 

Cable Selection and Description 

Individual circuits in the cables are designed to pro¬ 
vide a predetermined grade of transmission on the 
basis of the “general toll switching plan,” the funda¬ 
mental Bell System circuit arrangement used for the 
layout of toll plant. In instances where more than one 
design will fulfil the requirements the most economical 
one is selected. 

Although it is generally desirable to install a cable 
with the same make-up in all sections, it was not pos¬ 
sible in this case, because of differences in the circuit 
requirements and the different rates of growth along 
the various portions of the. route. A t 3 ^ical cross- 
section of the cable used between Fresno and Los 
Angeles is shown in Fig. 2 where may be noted the 
location of the various quads and pairs contained in it, 
the coloring of the insulation which enables particular 
quads to be identified, and the system of numbering. 
The quads are arranged in layer formation with the 
16-gage quads in the center. The twelve 16-gage broad¬ 
cast pairs and the 22-gage tracer quad are interspersed 
in the first and third layers (counting from the outside) 
of 19-gage quads plac^ around the 16-gage section. 
The heavy lines are merely to aid in visualizing the 
segregation of the various groups in the cable ai^dtlo not 
represent a shield or separator of any kind. The tracer 
quad is used for test pairs during the construction period, 
and for making good any bad quad in a reel length. 

The cable line comprises 138 mi. of aerial cable, 270 
mi. of imderground cable, and, under San Francisco 
Bay, 4 mi. of submarine cable. To a great extent loca¬ 
tion of the aerial plant was dependent upon the terrain 
and the presence of high-voltage power systems. 
Private right-of-way routes were available in many 
sections and where used provide a strip of land at least 
100 ft. wide. In general the cable was placed in under- 
groimd conduit in principal cities and towns, and in 
such other places as major moves apparently would be 
required in the immediate future, or where, for other 
reasons, such construction was economical. With the 
exception of 18.6 mi. of fiber duct on private right-of- 
way south of Bakersfield, all of the underground was of 
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clay duct. The principal sections of the route on pri¬ 
vate rights-of-way occurred between Hayward and 
Stockton Junction and between Bakersfield and New- 
hall; mountainous country was encountered in both 
instances, justifsnng the use of private rights-of-way on 
the basis of savings in cable mileage. 

For a distance of some 34 mi. between Merced and 
JVIadera the cable parallels an 11-kv. drcuit of the San 
J oaquin light and Power Corporation at a separation of 
about 150 ft. This exposure was conMdered sufficiently 
severe to warrant some remedial measure, and a plan 
was developed jointly with the power company which 
provided for the breaking of the exposure into several 
sections, .and the reduction of its total length by re¬ 
routing a portion of the power line. The costs of this 
xneasure were borne jointly by the two companies. 

For 57 mi. between Bakersfield and Newhall the 
cable is carried aerially on a private right-of-way. 
Thirty-five miles of this is ova: the Tehachapi and 
Sierra de La Liebre Mountains, passing through some 
rough country. (Fig. 3.) The route was selected to be 
as short and direct as possible, consistent with acces¬ 
sibility and economy. The most deorable location 
leading through fairly direct canyons and passes had to 
be avoided becaxise of the presence of a 220-kv. power 
line from which a maximum separation was desirable to 
avoid inductive intarference. The Ridge Route high¬ 
way, a scenic motor artery which in general follows the 
summits of the ridges, also was impracticable becai^ 
of the length of its circuitous route. In these moimtains 
elevations of 4,500 ft. are encountered where heavy 
snows and occasional sleet storms occur duringthe winter 
XKionths. Hence, in accordance with Bell System stand¬ 
ards, this section is classified as a medium-loaded area. 

Among the unusually interesting construction prob¬ 
lems encountered in this 35-mi. desolate and practically 
uninhabitated section were the building of about 10 mi. 
of construction road and nine bridges, and the widening 
and grading of 9 mi. of existing narrow dirt roads or 

paths. The nearest railroad station from which material 

could be hauled was Lancaster, on the Mojave desert to 
bhe east. From that point a satisfactory road extend^ 
for a1)out 40 mi. toward the line from which point spedal 
transportation eqxiipment was used over the construc¬ 
tion roads. From the railroad .ddivery point at Lan¬ 
caster, the principal items of material were transported 
to the job in a series of tiiree steps: (1) 10-ton six-wheel 
trucks and trailers hauled the material over as much of 
the distance as was accessable to them; (2) then 234- 
ton four-whed-drive trucks, and (3) in some instan<^ 
tractors and trailers, wwe used to ddiver the material 
to its point of use. 

Loading-coil cases weighing as mudi as 1,676 lb. were 
placed approximately 6,000 ft. apart ^d to fadlitate 
this work and the setting of poles, spedal rigging often 
was required. Spedal automotive equipment for han¬ 
dling the reels of cable wdghing up to 6,000 lb. and for 
digging holes, setting poles, and pulling cable was us^ 
to good advantage. FJequently because of the rugged- 
• 
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Fig. 4. Colony built For Quail repeater station 



Fig. 5. A piece of typically difficult construc¬ 
tion-lowering a reel of cable down a mountain side 


ness of the territory and the consequent impossibility 
of reaching the desired locations with power equipment 
many of these operations had to be performed by hand. 

Protectivb Features 

The in.<nilaring qualities of the paper strip used for 
electrical separation of the conductors of a telephone 
cable are entirely dependent upon the ^elusion of 
moisture. For this reason it is essential that the cable 
sheath be made moisture-proof and maintained in t^t 
condition. Methods which have proved valuable during 
the past few years make use of dry, compressed nitrogen 
gas, maintsdned under pressure within the cable sheath. 
A recent development is the use of continuous pressure 
in the cable aftw completion, with low-pressi^ alarm 
contactors spaced along the sheath at equal intavals. 
A drop in pressure in the vicinity of a contactor causes 
it to operate and close an alarm circuit in the cable 
which in turn sounds an alarm in the testing office. 
Gas through any holes occurring in the sh^th 

prevents the entrance of moisture for a sufficient time 
to permit the hole to be located and repaired. This 
method is in use in the fiber-duct section south of 
Bakersfield. The gas outfits consist of 100-cu. ft. tanks 
equipped with small regulating outfits which control the 
admission of the gas to the cable. 

In general, on this job, each red of cable was tested 
by injecting the gas into it under pressure aftw it had 
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been pulled into place and before the sheath-ends were 
opened preparatoiy to splicing. With a pressure of 
12 lb. per sq. in. throughout the cable length, any sheath 
oi>ening manifested itself by a drop in pressure and was 
located with the aid of the hissing noise caused by the 
escaping gas. After each splice was completed it was 
test^ by forcing nitrog«i under pressure into it through 
a small hole in the sleeve, any opening b^g indicated 
by bubbles in the liquid soap with which the sleeve then 
was painted. 

Elaborate means are taken in modem toll cables to 
reduce cross-talk between pairs and to reduce the pick¬ 
ing up of noise from outside sources. The various cir¬ 
cuit groups are kept separate, each group retaining its 
identiQr throughout each repeater section. An example 
of this is shown in Fig. 2 where it may be seen that the 
four-wire group transmitting in one direction (Group 
6) is kept apart as much as possible from the four-wire 
group trsmsmitting in the other direction (Group 3). 
The broadcast pairs are located in the four-wire group 
transmitting in the same direction in which they are used. 

The twisted-pair and quad arrang^ent previously 
described provides the initial transposing between 
circuits. In manufacturing the cable, three regular 
types of quads are made, each differing from the other 
by the length required for the pair-twists, and by the 
length used per twist wh«» the pairs are formed into 
quads. These different types of quads are used further 
to reduce the cross-talk between the cable circuits. 
To avoid the possibility of two quads in adjacent layers 
continuing beside each other for any particular Hi>taTioe, 
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manufwture, the exact relationship between thelayws 
shown in Pig. 2 being true only at exceptional points. 

Special attention to splicmg tech^que and ^lice 
transpositions tends to equalize or compensate for 
various circuit inequalities, cutting down cross-talk. 
Further to reduce cross-talk between two-wire circuits, 
at each repeater point the cross-connections are so 
arranged that while the phantom circuits are connected 
straight through, the aide drcuits are aystematicaOy 
rearranged among the quads. For the four-wire drcuits 
a similar procedure is followed at the repeater oflSces 

which are located at the ends of circuit units. It should 
be noted that all these efforts to reduce the cross-talk 
do not result in its entire elimination, but serve to re¬ 
duce it to within an acceptable limit. 

Measurements and tests made on the sides and 
phantoms (after all the splices for a repeater section are 
completed and the pairs with opens, crosses, grounds, or 
low insulation have been deared or tagged) indude 
Iwp resistance, resistance unbalance, int g ilftt io n re¬ 
sistance, crossitalk, transmission measurem«its at 1,000 
cycles whi<^ are checked agmnst calculated values, 
sin^ng-point’’ tests, and impedance-frequency runs 
on those drcuits which have a poor singing point. In 
gme^, impedance runs are made on a sample of from 
f 1 ^ drcuits to check the correctness 
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Buildings—Equipment—Maintenance 

Equipment assodated with the cable is placed in 
eleven buildings along the route, five of wWch were 
newly constructed for the purpose and one of which, 
isolated in the Tehachapi Mountains, required the 
construction of residences for the operating personnel 
(Fig. 4). Equipment contained in these offices is 
required prindp^y for phantoming, ringing, amplify¬ 
ing, and regulating purposes. Its extent may be ap- 
predated from the fact that nearly 6,000 three-element 
vacuum tubes were supplied initially, although in many 
offices only suffident equipment was installed to take 
care of a part of the drcuits which ultimately will be in 
service in the cable. 

In operating the cable, it is convenient to establish 
“drcuit units” which consist of circuits lined up for a 
definite transmission value between the offices desig¬ 
nated as "circuit-unit terminals”—San Francisco, 
Modesto, Fresno, Bakersfield, and Los Angeles. These 
circuit units are intwconnected to form longer circuits,, 
it being necessary merely to insert repeats with the 
proper gain at the drcuit-unit terminal offices. F.a<»h 
circuit unit is under the jurisdiction of a control station 
(San Frandsco, Oakland, Fresno, Los Angeles) which is 
responsible for keeping it up to the required transmis¬ 
sion standard. Test wires are set up in the cable 
between the various repeater points to enable each 
station to converse with all othera as required in lining 
up and maintaining the drcuits. 

Variations in conductor resistance occasioned by 
ddly and se^nal tempwature changes may ca w 
disturb^ces in the transmisaon losses of the various 
cable (^uits. To compensate for this, a pilot-wire 
regulating system is installed in each circuit-unit 
^on. This system consists essentially of a compos¬ 
ite cable-tel^raph circuit, or pair, known as a pilot 
wire, the resistance variations of which cause equip¬ 
ment in certain repeater stations to function and auto- 
maticey c<>“Pensate for variations in all circuit units. 
The circuits are of course lined up for average tdn- 
peratures, and tiie regulators provide for tempeiature 
variations in dther direction. • 

Future ExTENatONS 

It is expected that future demands for toll circuits 
on the Pacific Goart will result in further major eiten- 
Mons to the long ffistance cable network. Among the 

factors which tend in this direction are: the avaOability 

of tope armored cable which may be placed directiy 
m the ground without a subway structure; the use of 
automotive equipment which makes feasible the erten- 
fflon of htovy cable plant into rougher country; and 

^ I««ssore in cables to indicate potential 
uble, which makes practicable the maintmaiiffA of 
cables through sparsdy populated areas. 

■^ew items, and others which undoubtedly wfll be 
realized m the near future, paffiit ferecastir^ the ex- 
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tension of the coast cable network to connect the 
Seattle area with the Southern California area and the 
tiltiinate use of cable to connect the Pacific Coast cable 
network with that of the rest of the Bell System. 


Engineering Progress— 

1731 - 1831 - 1931 

' Th second article in The Engineering 
Foundation’s symposium "Has Man Bene¬ 
fited by Engineering Progress?" presented 
h re predicts further industrial decentrali- 
zati nasa result of the wide availability of 
el ctric power. 

By 

MARTIN J. INSULL Middle WuM UUllUui 

A8aocIa,t.i* A. I. B. K. Oomimny. Ohtaigo 


OH. SOME peculiar reason, in com- 
ptarisons of present day life with that of preceding 
times, it seems to be assumed that progress invariably 
moves in one direetdon only. This of course is not 
necessarily true. "We see this clearly if we review the 
history of the primary factor underlying the industrial 
changes of the twentieth century and the two centuries 
which preceded it. 

That primary factor is power. Our life today, .with 
ibs machinery, its znass production, and its teeiAing 
cities^ is an outgrowth of changes in the nature of our 
pow» Tesourtes. The rural life which it supplanted 
likewise was determined by the nature of the power 
resources of the time. 

ISTatmally the human race’s work and welfare vary 
according to the amount of energy at its command. 
Jf energy is limited to human and animal muscle, de¬ 
pending upon vegetation for its fuel, it sets certain 
limits on the amo^t of possible production. Likewise, 
ib dictates a dominantly agricultural mode of eidsteuce. 
Ilowever, if energy is derived from coal and water, the 
limits upon pro<iuctian tend to disappear ^d the 
ixidportaoce of agriculture diminishes. 

If we examine the nature of our energy ruiourees in 
1981 and ^mpare them with the enogy resomfces of 

of oeriw Of owftlatoi wriMop «ai|>reiay''it»f, naiSsinotirtnii 

♦ 
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1831, and of 1731, we shall see quite clearly how the 
form of industrial structure always has been dictated 
by this energy factor. And by close examination, we 
shall see that the direction of these changes is not always 
the same. 

The year 1731 was one in which population was 
widely diffused. Why? Because it was necessary to 
derive from agriculture the greater Jimount of the energy 
necessary to do the world’s work; and agriculture is 
necessarily a scattered activity. Furthermore, with¬ 
out mechanical power there wjis little incentive to 
develop machinery or to organize people into factory 
groups. 

In the following hundred years violent changes 
occurred. Freed from the definite limitations of 
human energy, and with the infinite resources of the 
coal pit at its command instead of the meager annual 
crops, industrial production was multiplied. To take 
advantage of this greater energy supply it was necessary 
to concentrate production because the power supply 
itself was concentrated. Great cities drew population 
from the countryside. The countryside could spare 
them because agriculture no longer had to produce the 
entire energy supply, and because agriculture itself 
simultaneously became more eflicient. 

That trend toward concentration, when superficially 
considered, seems to have continued to the present day. 
There are, to be sure, ample evidences of it. But 
there are still more striking evidences to the contrary; 
evidences that industry is tending once more away from 
concentration and toward diffusion. 

These changes, too, are concerned with the nature 
of our energy supply. By 1831 power had changed 
the decentralized industry of 1731 into a centralized 
industry; in 1931 power appears to be changing industry 
back into a decentralized structure. The power 
supply of today is widely distributed. At virtually 
every point on the map, electricity is available in any 
quantity, whereas its predecessor, steam power, was 
to be had at relatively few points. The same is trute 
of transportation, which after all is only another fonn 
of power. 

And industry is not slow to recognize the advantages 
of decentralization in terms of lower costs and im¬ 
proved working conditions. In this there is hope for 
those who view with despair our industrial evolution. 
Let them not conclude that, because we were headed 
toward industrial concentration for a century or more^ 
we cannot reverse the direction of our development. 
We need not necessarily expect still more congested 
cities, still higher skyscrapers, nor a depopulated 
countryside. The industry of the future is more 
likely to reinhabit the countryside; to possess all the 
advantages of power machinery without the disad¬ 
vantages of congestion which have hitherto accom¬ 
panied it. 

XUIUor'# Not*# Punuant to tho invitation of The Kngtneerins P 
tlon, the edlton vrlB be happy to roccivo comments. 

OP dinoiBSloiiB pertaining to thte op tho other arttolcu publiflhod in tnto eem. 
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Power Supply for 


r ASTER telegraphic com¬ 
munication is expected in this day of increasing speed of trans¬ 
portation; and speed must be accomplished with accuracy and 
the highest degree of service continuity. In order to meet 
the» service demands electrically-operated devices in great 
variety, including belt-tsrpe message conveyer and pneumatic 
tubes in the larger offices, are finding thdir 
way into telegraphic service in 4ver-increasing 
quantities. Thus it is that the power plant 
is more than ever the heart of the S 3 ratem and 
every means must be provided to maintain! an 
absolutely unfailing supply of electric energy. 




equipment from refi:ular to emergency circuits upon slight 
potential drop in the regular circuits, and to do so with¬ 
out loss of synchronism in automatic equipment and 
circuits. The switch accomplishes the transfer from 
one power source to the other in less than 0.1 sec. 
and represents one of the most important of recent 
developments in telegraphic equipment. 


(A) In September 1880 this 
and two other similar steam-engine-driven dynamo groups 
were installed by the Western Union at 196 Broadway, New 
York, the hrst in a telegraph office. The sketch is reproduced 
from the Scientific American of January 31, 1880. Bach 
machine delivered 40 amperes at 70 volts; four of each group 
in series provided potentials of 70,140,210, and 280volts, with 
the dfth serving as an exciter. One group furnished positive 
potentials; one negative potentials; and the third group was 
a standby unit. The plant replaced 15,000 gravity cells and 
released 90 per cent of a 10,000-sq. ft. floor for other uses. 

(B) Some of the 37 motor- 
generators totaling 190 hp. recently instidled on the eleventh, 
floor of Western Union’s new building at 60 Hudson Street, 
New York, to serve 1,123 automatic and 145 Morse telegraph, 
oirouits and about 500 ticker circuits. The present irurri-mTiTn 
power demand of the New York office totals 296 kw.; 75 kw. 
for telegraph circuits, 60 kw. for ticker circuits, 40 kw. for 
belt conveyers, and 130 kw. for pneumatic tubes. For the 
operation of message belt conveyers, 15,722 ft. of belt and 274 
small motors totaling 76 hp. are used. 

. . (C) Distribution switchboard 

on the eleventh floor power room of Western Union’s New 
York office. Duplicate sets of feeders traversing separate 
shafts connect this board with the telegraph board (C). 
On the second panel may be seen a high-speed automatic 
throw-over switch developed speciflcally to shift telegraph 

From ‘‘Telegraph Power Plants;’ (No. SUM) by B. W. Griffith, 
Telegraph Oompany, New York. Presented at the 
A. I. B. B. winter oonvenlion. New York. Jan. 20^0, 1931 . 
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Half of the main power 
switchboard in the New York office basement. This 
section controls telegraph power including belt conveyers, 
compressors, a portion of the lights, emergency generating units, 
and the emergency storage batteries. 
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Telegraph Service 


W. 


▼ T ESTERN Union policy 
now calls for the acquisition of power from local electric service 
companies instead of from private plants or batteries. This 
requires the use of motor-generator sets at the various offices 
for conversion to the desired voltages. Continuity of service is 
guarded by emergency engine-driven sets or storage 
batteries; or in the most important offices by both. At 
present there abe about 1,086 Western Union stations 
equipped with a total of 4,320 motor-generator sets; 

116 depend upon storage batteries for main power M 
supply; some 460 isolated railroad stations stOl depend S 
upon gravity batteries. ^ 


High-speed pneumatic-tube 
blower installation at New York serving 50,000 ft. of tubing 
used for handling telegrams to 60 branch offices and 48 stations. 
A total of 363 hp. in blowers and compressors is required. 

(F) An 8-cylinder, 200-hp., 1,200- 
r. p. m. gasoline-engine emergency set, typical of the new 
area in automotive design. The evolution of satisfactory high¬ 
speed, internal-combustion industrial-type engines and the 
economic advantages accruing from their use for emergency 
telegraph power supply have brought about some trial installa¬ 
tions. In the new* Western Union office in Boston an engine 
similar to that illustrated will drive a 125-kva., 208-volt, three- 
phase, 60-oycle alternator. It is expected to effect savings both 
in space required and in first cost. 








!§■ 
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(G) Motor-generators of 500- 
watt size and smaller generally are mounted on self-8upx>orting 
steel frame ‘‘wall-type benches*’ specially designed to conserve 
space in the small offices where they are used. The sets shown 
are of special design, and each generator has a double com¬ 
mutator enabling it to serve an individual metallic circuit 
with 160 volts of both polarities. Switches, jacks, and cords 
provide for convenient transfers to meet emergencies. 

(H) In some of the larger 
offices economies dictate two smaller emergency units instead 
of one larger one. The two shown are 6-cylinder, 80-hp., 
900-r. p. m., gasoline engines driving 50-kva., 220-volt, 
three-phase, 60-cycle alternators in the Western Union’s 
Pittsburgh office. Starting batteries and control panel may 
be seen in the background. All moving parts are covered 
and the exhaust manifolds are water-jacketed; a Maxim 
silencer usually is installed in the exhaust line. To decrease 
the transfer of noise and vibration to the building the entire 
sub-base is mounted on springs; and all connections, of course, 
made with flexible piping. In Western Union offices through¬ 
out-the United States there are installed 114 emergency units; 
67 gasoline, 23 gasoline (starting) and kerosene (running), 16 
fuel gas, 7 semi-Diesel, and 1 full Diesel. The smallest unit 
is 8 hp.; the largest 120 hp. 
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Field Tests on 
Circuit Breakers 

Tests show conclusively that the new hljh- 
spe d oil-blast circuit breaker will clear 
the most severe faults within eijht cycles 
or lesS/ and from a system operating 
standpoint this type of breaker is reported 
as being definitely superior to other 
types. A .careful analysis of the results 
shows further cause for the adoption of the 
multi-duty cycle. This and the two articles 
on the following pages outline the test 
procedure and discuss the conclusions 
reached. 

Circuit breaker Md tests made 

during the sonuner of 1930 at the Philo (Ohio) plant of 
the American Grm & Electric Company, togetiier with 
the contributions which these tests have made to the 
design and performance of circuit breakers are de¬ 
scribed in this article. Inasmurii as the tests involved 
the placing of short circuits directly on the 182-kv. 
bus of the largest generating plant on the entire inter¬ 
connected system, bdore conducting such an investiga¬ 
tion, careful conaderation was givai to the benefits 
which mis^t be obtained. 

Most prominent among the disclosures made by these 
tests are: 

1. Circuit breaker i>erformance. 

An Increased confidence in the higher ratings of dreoit breakers yns 
demonstrated. That the S-cyde breaker has bera realized was shown 
definitely, while In addition some progress was made toward the adoption 
of a multi-duty cyde. The explosion-chamber tsn^c of breaker was shown 
to be distinctly superior to the other tsrpes tested. 

2. Circuit breaks development. 

Weaknessw which now exist in themechanical construction of the explosion- 
type breakers for hlgh-«peed operations but which can be corrected in 
future designs were pointed out. 

8. System performance. 

Added exKierlence and confidence in plant operation have been provided 
through the large number of short drcuits carried directly on the generating 
plant bus without apparent damage to eaoipment- Normally, the rate 
of rise of recovery voltage across the breaker contacts was found not to 
exceed OOO volts per microseo* System voltage dips were observed to be 
notably less severe when the high-speed explosion-Hfiiainber breaker was 
being tested than when testing the other types. 

System connections for these short-drcuit tests aiB 
Aown schematically in Pig. 1. It may be noted that 
practically the entire interconnected system of the 
^nerican Gas & Mectric Company’s group, together 
udth some of the more imp<Mtant outside intocon- 



Flg. 1. System connections for the 1930 Philo 
132-lcv. circuit-breaker tesb 


nections, were tied together in a practically normal set¬ 
up. With such an arrangement a short circuit of over 
1,500,000 kva. was provided at the Philo bus, the major 
portion of which was supplied by the Philo plant itself. 

In order that the tests might be carried out to take 
advantage fully of the entire 1,500,000 kva., a .standard 
breaker of that rating with a 60-in. tank was used. 
This was mounted on a concrete mat foundation 
immediately adjacent to the 132-kva. Philo switchyard 
(see Pig. 2) and was connected to the bus by short over¬ 
head 250,000-cir. mil copper conductors. 

Test Procbdobb 

The first group of tests consisted of 28 shots on the 
breaker equipped with standard butt-type explosion- 
diamber contacts. Of these, 7 made with the 
Philo generators alone supplying the short-circuit 
current and with no transmission lines connected to 
the short-drcuited bus; 4 of these 7 were made with full 
plant capacity; 6 shots were made with the marimium 
available s]^tem capacity and undoubtedly resulted in a 
duty on the circuit breaker dther at or* more than its 
fullrating. 

The second series of tests consisted of 40 shots on the 
same breaker equipped with the new oil-blast eiipldbton 
diamber and contacts (see Pig. 8). These new explo¬ 
sion chambers have been described in jaevlous publica¬ 
tions (see The OUrBlast Circuit Breaker, by D. C. Prince 
and W. P. Skeats, EuBOraiCAL ENGiNiwuNG, Peb. 
1931, Vol. W, p. 184). These tests Indudsd a totiB of 
16^ shots with the ma-rinmiYi rate of recovery voltage 
and with no lines connected to the bus. In 7 of these 
16 shots full opacity of the Philo plant was connected 
to the bus thus providing short drcuita of irom about 
li,0W,OOO to 1,286,000 kva. Six shots were myde with 
^^^Aaidmum av»ilabie system capacity, all of which as 
in ^ previous case imposed full rat^ duly or more 
uithnjlhe breaker. *, 
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The third and final group of tests consisted of 13 
shots on y, the tests having been cut short on account 
of a broken bushing on the breaker used as a closing 
breaker for opening shots on the test breaker. In these 
final tests the same breaker was used but was equipped 
with the older type of segmental contacts and explosion 
chambers. Six shots were made at intervals of from 
^ to IK min. with light duty and rates of recovery- 
voltap rise; the succeeding 6 shots were made at in¬ 
tervals of from 1 to 3 min. with the maximum available 
system capacity. The final shot, which originally was. 
intended to be the first of a series, was made with full 
capacity of Philo plant and with the medium rate of 
rise of recovery voltage obtained with one short line 
connected to the short-circuited bus. 

In all tests the rate of recovery-voltage rise was 
varied to suit by connecting or disconnecting lines to 
hilo generating station bus. By such manipulation 
three rates of recovery-voltage rise were obtained- 
namely, 270, 600 and 2,400 volts per microsec 


Test Results and 
System Performance 


By 

PHILIP SPORN 

Follow A. J. E. E. 

H. P. St. CLAIR 

Member A. I. E. E. 


Ainoncan Gas & 
Elec. Co., New York 

American Gas & 
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time a fairly accurate comparison may be drawn. In 
addition it is felt that a dip, the duration of which is too 
short for the recording voltmeter pen to follow, may also 
be too short to cause a synchronous machine to fall 
out of step. 


SuMMABY OP Important Results 

In general the principal objects for which the tests 
were undertaken were quite fully realized. The man¬ 
ner in which the tests will prove of real benefit from the 
standpoint of system performance is indicated in the 
tollowing listing; 


1. 2,500,000-kva. breakers now feasible. 


■ r ^ breaker equipped with a 60-in. tank suc- 

essfully interrupted a 1.735.000-kva. short circuit, there is little doubt 



Fig. 2. The 132.1<V. 1,500,000-l<va. oil circuit 
breaker with 60-in. tank used in the tests. Note 
proximity to substation and power house structures 


s 


-JysPEM disturbances due 
the tests were not serious and caused but little troul 
and but few complaints except from consumers 
points nearby. Recording voltmeters were install 
during the tests at all of the important 132-kv sr 
stations on the system. Typical charts from the 
recorders are shown in Fig. 4. While inertia and ov< 
travel in a voltmeter of this type are responsible i 
some of the vanations in the charts, nevertheless 
clear companson may be noted between the seven 
of disturbances caused by high speed and by ordina 

comparison 

revealed by the charts obtained at points close to tl 
Bhilo plant, such as those taken at Crooksville. He: 
again the inertia of the moving pen instrument plays 
large part in the record obtained, but at the san 

From “Oil Circuit Breaker Tests —Ploido Aimo tt 

VlewDotat.” (No. 3l’-28J prefon“ 
at tne A. I. wintej convention. New Yorl<;, Jan. 26-30. 1931. 

Septbmb.^)r 1931 



Fis* 3. Circuit 
breaker explosion 
chamber with new 
oil-blast contacts 
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biA that standard breakers \fith 72-in. tanks viU oiwrate satisfactordy 
under their rated duty of 2.600.000 kva. This poslUve assurance is of 
value, in that it enables the engineer to plan system expansion along the 
most desirable lines without being hampered by fears of circuit-breaker 
limitations. 

2. The 8“Cycle breaker a definite realization. 

All short circuits in tests on the new oil-blast explosion chambers and con¬ 
tacts were cleared in 8 cycles or less. High-speed breaker operation will 
greatly accelerate the clearing of a faulty line, which is particularly Im¬ 
portant where t^vo or more parallel lines are being protected. It is also 
valuable for preventing a complete loss of voltage on one of two intercon¬ 
nected sj'stems by quickly clearing the interconnecting tie when the load 
approadies its static-stability limit. 


3. Increased confidence in plant performance. 

Ability of the generating station equipment to withstand these heavy short 
circuits without apparent damage has proved benefidal in the training 
and experience of the operating personnel at Philo: a greater degree of 
confidence in plant performance has resulted. 

4. Adoption of the multi-duty cycle predicted. 

Definite progress for the adoption of the multi-dul^ cycle for circuit- 
breaker performance has been realized throu^ a demonstratloii of the 
ability of the breaker to handle successively a large number of heavy ^ort 
drcuits without intermediate inspections or changes of oil. 

5. Design defects were revealed. 

Two explosion-chamber failures occurred during the course of the tests. 
These were caused apparently by the general weakness of the chambers and 
not by other faults of design. It Is believed that subsequent changes in 
design vrtll prevent a recurrence of such failures. 







Fig. 4. System voltige dips at three 13i-kv. sab* 
sfati ns while testing with (lelO highspeed oiU 
blast cpntacts and (right) biitMyp contacts 
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Performance of different types 

of breaker contacts, and rates of recovery-voltage rise, 
are the principal items receiving particular attention in 
this, andysis of the Philo circuit breaker tests. As 
stated previously the rate of recovery-voltage rise was 
manipidated by varying the number of lines connected 
to the Philo station bus. 

In the 28 tests made with the butt-type contacts, the 
kva. intoTupted ranged from 268,000 to 1,640,000. 
The range of short-circuit duration was from 7.5 to 39 
cycles, while breakw operating time varied from 7 to 

From **Oircuit Breaker Field Tests on StancUtrd and Oil-Blast Explu- 
sion-Ohamber Oil Circuit Breakers," (No. dl-26) prosonUicl at tho 
A. I. E. B. winter convention. New York. Jan. 26-30.1931. 




Fig. 5. Condition of conUcb after testa. (Above) 
butt contacb after 28 tests^- (below) oil-blast 
contacts aft r 40 tesft 
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38 cycles. Arc duration ranged from 4.5 to 36 cycles; 
arc length from 11.5 to 32 in. Maximum tank pressure 
recorded in this series of tests was 36 lb. per sq. in., 
while the average was 10 lb. Although slight mechani¬ 
cal difficulties were encountered they were not of a 
fundamental nature and will be corrected quite readily 
by minor changes in design. Although these butt-type 
contacts were somewhat burned after the tests, as may 
be seen in Fig. 5, their condition was such that they could 
have been kept in operation for many more tests. 

Superiority op New Explosion-Chamber Contacts 

Results of the 40 tests made with the hollow-t 5 q)e 
contacts operating in the new type oil-blast explosion 
chamber the kva. interrupted ranged from 177,000 to 
1,735,000. The short-circuit duration varied from 5.5 
to 9 cycles, and breaker operating time from 4.5 to 8 
cycles. Arc duration varied from 1.6 to 5.7 cycles, 
while arcs from 2.5 to 14.5 in. were recorded. On the 
last six tests of this group, all in excess of 1,500,000 kva. 
and made at intervals of about two minutes, the aver¬ 
age tank pressure was 8 lb. per sq. in., the maximum 
being 11 lb. The condition of these contacts after test 
may be seen also in Fig. 5. Actual measurement indi¬ 
cated that a total of less than in. of contact metal had 
been burned away from the arcing surfaces. In order 
to determine their suitability for further operations, 
these contacts were returned to the factory and sub¬ 
jected to a heat run using twice the breaker-current 
rating; the resulting temperature rise was less than 30 
deg. cent. 

In the third series of tests with the segmental-type 
contacts, 7 tests ranging in value from 940,000 to 
1,400,000 kva., were made in 10 min. Short-circuit 
duration varied from 12 to 18 cycles, corresponding 
breaker operation ranging from 11 to about 15 cycles. 
Arc duration varied from 4.5 to 7.2 cycles; arc length 
from 11.3 to 14.8 in. 

A comparison between the performance of the butt- 
contact breaker and that of the oil-blast contact breaker 


TABLE r—PEREOUMANCE COMPAUrSON FOR BUTT AND OIL- 
BLABT BREAKER CONTACTS 




Butt Contacts 



Twines 

Calculated 


Av. arc 

Av. arc 

connected 

volts per 

No. of 

duration 

length 

to bus 

microsecond 

tests 

cycles 

in. 

3. 

. 270_ 

.17. 

, . 6.2.. 

.15.5 

1. 

. ... 600.,. 

. . .. 4. . . . 

. .. 7.1... 

. . ..17.0 

• 0. 

.2400_ 

.7. . . , 

, ..15.0... 

.24.5 

Total 28 tests.Average. 

. . . 8.6 

_18.0 


Oil-Blast Contacts 



Linos 

Calculated 


Av. arc 

Av. arc 

connected 

volts per 

No, of 

duration 

length 

to bus 

microsec. 

tests 

cycles 

in. 

3. 

. 270.. . 

.15.. .. 

. , 2.6... 

. ... 4.5 

1. . . . 

. 600- 

. 9. 

.. 3.7... 

. 7.1 

f\ 

94.nn 

.16. 

. . . 4.1... 

. 8.8 

• ... —- 

f* « _ O '*■ 


c* _ _ 

Total 40 tests.Average. 3.5.. 


is shown in Table I. Effects of the rate of recovery 
voltage rise upon arcing time and arc lengths may be 
noted quite readily. Average arc duration for the butt- 
type contacts was 8.6 cycles as compared with 3.5 
cycles for the oil-blast contacts. A comparison between 
arc lengths shows an average of 18 in. for the butt con¬ 
tact and 6.8 in. for the oil-blast contact. Average 
contact-opening speed for the oil-blast breaker was 9.5 
ft. per sec. as compared to 13 ft. per sec. for the butt 
contact. 

Conclusions 

After a careful analysis of the test results, the 
following conclusions seem justified; 

1. Rate of recovery voltage rise affects to some extent tlie interrupting 
performance of the breaker. 

2. Standard breakers now available commercially will operate satis¬ 
factorily on the liighest rates of recovery-voltage rise now encountered 
(about 600 volts per microsec.). 

3. The oil-blast breaker has demonstrated a distinct superiority over 
the other types of breakers tested, 

4. Standard oil-blast breakers now available commercially possess an 
over-all operating time of 8 cycles or less. 


The Orient Turns 

to Automatic Telephones 


By 

y. K. CHOW Hangchow, China 

Member A. I. E. E 

KAaNY great poets of China repeatedly 
havedescribed the beauty of Hangchow. It is the capital 
of the Province of Chekiang, one of the smallest but 
richest in the country. At one time its leading glory 
was the fame of its beautiful landscape, but the town 
now is winning a standing also through the increasing 
application of modem engineering. Among several 
developments the most recent and perhaps most 
important is the new automatic telephone exchange 
system which now serves the whole area. 

Only a little more than twenty years ago telephone 
development was started by commercial enterprise in 
this ancient capital; subsequently the_ system was 
transferred to a government organization. A little 
later again to become a commercial enterprise; present 

Contributed by Y. K. Oliow, chief engineer, Provincial Telephone 
Administration, Chekiang Provincial Covemmenl, Hangchow, China. 
Not published in pamphlet form. 
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developments are bang made by the Provincial Govem- 
m«it In the early dajra telephone service was not in 
the general demand that it is today; hence growth and 
development came slowly. Also, financial difficulties 
and the lack of suitable technical study caused the 
dedgn and growth of the system to be governed largely 
by expediency. Subsequently the age of the switch¬ 
board and other equipment, and the poor condition of 
the line plant, proffibited any major attempt for 
mod^nization without complete system reconstruction. 

In 1927 the Provincial Government decided to 
construct a network of long distance telephone lin*« 
to link togeth^ all the cities in the province, and to 
connect also to Nanking and Shanghai. Since tiiat 
time toll service has grown rapidly, with a consequ^t 
expansion in the problem of improving local service 
in the Hangchow area. Meanwhile, the city’s tde- 
phones had increased gradually untQ iliere were five 
magneto-type exchan^ scattered over the whole 
area, the largest of which had a capadty of 1,200 lines. 
Early in 1929 tire govamnent completed its plans for 


taking over the existing exchanges from the operating 
company and invited bids for system rehabilitation 
from leading telephone manufacturere throughout the 
world. 

In addition to the economic questions that had to be 
settled in coimection with such a major undertaking, 
there were the problems of language difficulty, training 
and maintenance of staff and opaators, and the ever¬ 
present matter of public opinion. Ultimately the 
rotary-type of machine-switching system was adopted 
as best suiting the savice requirements, as well as 
satisfying economic limitations. 

The present equipment consists of one 2,700-line 
exchange with a building and powa plant which pro¬ 
vides for an ultimate of 6,000 lines, and one 300-line 
exchange designed and equipped for an ultimate of 
600 lines. The existing manu^ exchange in the south 
of Hangchow will be converted shortly to automatic 
operation. Also it is hoped that conversion of the rural 
exchanges to automatic operation may be carried out 
in Senear future. 


Radiotelephone 
Service is Expanding 

With 91 per cent of the world’s telephones 
already provided with facilities for direct 
international conversations^ plans and de¬ 
velopments are progressing to provide ex¬ 
tensions. Present services are outlined here 
and some data given covering the Hawaiian 
link now under construction. 
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January 7, 1927, when com- 
r^otd^hone service first was established 

c<>“tinuous and 

i^or^t dwdopmmits have been made in the applica- 

MHnnf intercontinental communi- 

cations. Also, there has been a generally sustained. 

TUioe. Oalttorii. 
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mcrease m the public demand for this class of service 
to the end that today the Bell System in cooperation 
OTth the British Post Office has four radiotelephone 
circuits to London, the original long-wrave channel 
supplemented by three short-wave channels. By 
means of these, telephone subscribers in the United 
Stat«, Canada, Cuba, and Mexico may be connected 
to practically any telephone in Europe, in the city of 
^uta, Northern Africa, in part of Australia, and in 
Java, Dutch East Indies. 

Service to all European points and to Ceuta is 
furnished tl^ugh London where connection is made to 
the submarine cables and land line fadlities making 
up the European telephone network. As yet Russia, 
Greece, Tmkey, and a few of the Balkan States cannot 
be reached from the United States over this network. 

to Australia is given by switching the New 
Yo^-London r^o circuits at the latter point to a 
short-wave radiotelephone diannel. between London 
y Service to Java is furnished through 
London to Amsterdam or Berlin,-where connection is 
to a riiort-wave radio channel operated between 

SlKL 

■n-ansatiMtic telephone messages between the United 
Stotes and ^pe during the first six months of 1931 
were about 20 per cent greater than for the coirespond- 

mg pOT^ basic rate, which is 

the rate from New York to London for a 3-ndri. period, 
was reduced from |46 to $30 on May 11 1930 the 

View of the general busmess conditions which have 

EUSXlTRlCAIe; EnGINSBRING 



existed on both sides ol' the Atlantic, and is an indica¬ 
tion that this service continues to be of increasing use¬ 
fulness to the public. 

In Deceihber 1929, a ship-to-shore short-wave radio¬ 
telephone service was established on a commercial basis 
through New York with the steamship “Leviathan.” 
Since that date service has been opened with five 
more of the larger liners plying between North America 
and various European ports, the “Olympic,” “Homeric,” 
“Majestic” the “Belgenland,” and the “Empress of 
Britain.” While at present this service is furnished 
normally only to ships in the Atlantic area, contacts 
were made last winter with the “Belgenland,” during 
a large part of its cruise around-the-world, and with 
the “Homeric” then cruising in the Mediterranean. 

The Bell System, in cooi)eration with the inter¬ 
national Telephone and Telegraph System, established 
on April 4, 1930, a short-wave radiotelephone channel 
between New York and Buenos Aires. Through 
Buenos Aires, service may be given by land line con¬ 
nections not only to other parts of the Argentine 
Republic, but also to the great majority of telephones 
in Uruguay and Chile. 

Construction has been completed recently to the end 
that the South Americuin service could be enlarged to 
include Rio de Janeiro, Brazil. Plans for the radio¬ 
telephone system to work with Rio de Janeiro wore on a 
basis somewhat diO’erent from those for the services 
heretofore established from the United States, and it 
may be of interest to outline briefly the arrangements 
made. The previously established services contem¬ 
plated the full-time use of one or more complete radio¬ 
telephone circuits whereas service to Rio de Janeiro 
was planned on the basis of sharing facilities already 
provided for service to Buenos Aires. 

In the United States the transmitter operating with 
Buenos Aires was provided with an additional antenna 
directed toward Rio de Janeiro; and at the receiving 
station there was installed a complete new receiving 
unit adjusted to receive from Rio de Janeiro. At the 
transmitting station, switches were provided for the 
rapid" transfer of the transmitter from one antenna 
to the other, while at the receiving station the two 



receiving units serve to enable the New York control 
office to keep in constant touch with both distant trans¬ 
mitters. This arrangement permits the maximtim 
use of equipment and facilities and seems to offer a 
promising means of providing for the extension of radio¬ 
telephone service to a number of points to which it may 
be desirable to furnish service, but where the cost of 
apparatus for full-time channels cannot at the time be 
justified. This arrangement offers also an opportunity 
to reduce the number of frequency assignments required, 
because a number of points may be served from one 
transmitter using the same transmitting frequencies 
where the conditions ijermit. It is expected that this 
general method will find considerable application in 
economically extending existing services. One set of 
transmitting e<}uipment, which is the expensive item, 
can be used for service to a number of points to the 
extent permitted by trafiic loads, by merely providing 
the necessary antennas and receivers. 

Iffie radiotelephone services established to date and 
previously referred to, now make possible the con¬ 
nection of telephone users in this country to more than 
91 per cent of the world’s telephones. From the map 
shown in Fig. 1 it may be seen that these existing facili¬ 
ties provide the ground work for furnishing telephone 
service from North America to the East and South. 
Preliminary studies have been made of the possibilities, 
probable demand, and usage of telephone service from 
the United States to all parts of the world. A world¬ 
wide service of this kind is something that is extremely 
interesting to contemplate, but it is obvious that while 
considerable progress has been made in establishing 
such a service, an objective of this magnitude must 
be approached with due consideration to such factors 
as equipment and antenna development, costs, probable 
usage, differences in time and languages, and avail¬ 
ability of satisfactory wavelengths. 

In line with the desired objective of extending service 
where practicable, plans have been completed recently 
and construction work is now in progress to establish 
in conjunction with the Imperial and International 
Communications, Ltd., a short-wave radiotelephone 
channel between New York and Hamilton, Bermuda, 



Fig. 2. Schematic diagram of the "horiiontal 
doubIc-V" transmitting antenna for Hawaiian 
service 
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tCere to connect with the land line facilities serving the 
Bermuda Islands. This radio circuit in general will 
closely resemble the other short-wave radio circuits 
previously established. The transmitter will be con¬ 
siderably smaller and of lower power, however, (500 
watts unmodulated carrier outputs compared to 15 kw.) 
since the distance to be covoed is only about 700 mi. 
compared to about 8,400 mi. between New York and 


three years will be required to construct the new long¬ 
wave system. 

In the Padflc area the points which in the future 
might logically be furnished with direct radiotelephone 
connection with the United States include the Hawaiian 
and Philippine Islands, Japan, China, Australia, New 
Zealand, and Alaska. A transpacific short-wave radio¬ 
telephone system is now imder construction, joint 
arrangements having been made with the Mutual 
Telephone Company of Hawaii to set up the initial 



circuit from California to Hawaii. 

The transmitting station for the transpacific servjce 
is being established at Dixon, Calif., in the Sacramento 
Valley about 20 mi. southwest of Sacramento and the 
receiving station, at Point Reyes, Calif., on the Pacific 
Coast about 36 mi. north of San Francisco. The Dixon 
site contains about 640 acres and the Point Reyes site 
about 520 acres. These sites were selected after a 
rather extensive survey of the west coast of the United 
States during which consideration was given to avoid¬ 
ing, for receiving station purposes, areas too near radio 
transmitting stations and other sources of interference 
and, for transmitting station purposes, areas too near 
radio receiving stations. Consideration was given also 
to obtaining for both stations tracts of land of reason¬ 
ably flat contours, free of mountain ranges which sub¬ 
tend angles of more than 2 or 3 deg. with the horizontal 
in the directions of transmission or reception. It was 
necessary that both sites be economically accessible 
for telephone, powa-, and transportation facilities. 

The transmitter building at Dixon, a 40 x 60-ft 
two-story biick-and-concrete structure, is designed 
to accommodate two equipments although only one 
will be installed initially. In general, the transmitter 
is similar to those at Lawrenceville, N. J., consisting 
of several individually and carefully shielded units 


Fig. 3. Antenna towen and curtains of the type 
used for South American and transatlantic service 


London, 4,800 mi. between New York and Rio d 
Jradro, and 6,800 mi. between New York and Bueno: 
^ Aires. It is expected that the Bomuda system will b 
ready for operation late this year. 

During the past 1}4 years right-of^yay has beei 
acquired and two test antennas have been constructed 
at Bradley, Maine, near Bangor. These test ant^mai 
were constructed for experimental purposes looking 
forward to supplementing the existing New York- 
London long-wave circuit now working at 60 kc. 
mtii an additional long-wave circuit opera ting at 68 kc. 
Th^ antennas have proved effective at Bradley 
and plans now are in progress for the construction of a 
^ long-wave transmitting station at that point 
The ^iv^ station for the additional long-wave 
cnrcmt IS plann^ for Houlton, Maine, the receiving 
pomt fw the easting long-wave drcuit. Owine to the 


moxmted side by side. These units include a two-stage 
audio-fiequency amplifier, a modulator, a piezoelectric 
quartz crystal oscillator with two harmonic generators, 
and a two-stage radio-frequmicy power amplifier. 
The output of the two-stage audio-frequency amplifier 
is used to modulate the plate voltage of the modulator 
umt which contains two 250-watt tubes in a push-pull 
cirouit. The modulator receives its carrier frequency 
direct from the second harmonic generator which in 
turn is fed by the first harmonic generator and the 
crystal osdllator. 

The crystal oscillator is contained in an electrically 
heated oven the temperature of which is carefully 
r^ulated to 50 deg. cent. ± 0.06 deg. This ^- 
rangement holds the tiansmitted carrier frequency 
constant within very narrow limits. The output of 
tile modulator unit then is applied to the grids of the 
two-stage radio-frequency amplifim-. The first stage 
contains two 10-kw, water-cooled tubes and the sec¬ 
ond stage cont^ six. These tubes are arranged in 
push-pull circuits and the entire system is carefully 
balanced to ground. The unmodulated carrier output 
power of the last-stage amplifier is abouj; 15 kw. which, 
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under conditions for 100 per cent modulation, is 
equivalent to 60 kw. at the i>eak of the modidation cycle. 

From the transmitter the radio-frequency enei^ is 
fed over an open-wire transmisdon line to the transmit¬ 
ting antenna about 800 ft. south of the building. This 
initial transmitting antenna for the Hawaiian service 
is of the horizontal double-V type (Fig. 8) recently de¬ 
veloped by the Bell Telephone Laboratories. This 
tsrpe of antenna is a diamond-shaped structure con¬ 
sisting of one or more horizontal elements supported 
on wooden poles, the longer axis pointing toward the 
desired recdving station. The antenna is driven from 
the. rear ai>ez of the diamond and when suitably ter¬ 
minated at the opposite end, has a good \inidirectionai 
characteristic. This antenna has another very desir¬ 
able characteristic in that, within cetain limits, it is 
effective over a range of frequencies. For transmitting 
to Hawaii the initial antenna is detigned to handle 
two frequencies in the vicinity of 7 and 14 megacycles. 
While varying somewhat with the frequency bdng 
transmitted, the gain of this antenna as compared to 
a single-element half-wave vatical antenna ranges 
from 8 to 16 db. 

Comparison of the details revealed in Figs. 2 and 3 
will indicate the relative simplidty, and consequently 
the relative economy,, of tiie horizontal double-V 
antenna. This is even more strongly indicated wh^ it 
is considered that in the vertical t3T6 shown each 
antenna occupies two spans between ^e 185-ft. steel 
towers, and t^t each anteima is effective for oidy the 
one frequaicy for which it was detigned. The develop¬ 
ment of this relatively inexpensive antenna is of 
particular significance at this time because, if radiotele¬ 
phone service is to be opened to points whidi do not 
justify the provisdon of individual channds, the number 
of ant^mas for use with existing equipment may be 
e:!q)ected to increase materially in the n^ few years. 

At the Point Reyes recdving station the building is 
a one-story 26 x 40-ft. semi-fireproof structure of rein¬ 
forced concrete designed to hoiise several radio recdvers 
and their associated power and voice-frequency ap¬ 
paratus. However, the initial installation comprises 
a singler'eceiver made up of individually shidded units. 
It employs two stages of screened-grid radio-frequency 
amplification, a first detector, an intermediate-fre¬ 
quency ampMa: with input and output filters, a second 
detector and an audio-frequency amplifier. From the 
output of the intermediate-frequency amplifier a part 
of tiie recdved energy is diverted, put through a special 
two-stage intermediate-frequen<^ amplifier, rectified, 
and supplied to tiie automatic gain control which in 
turn tends to keep the receiver output volume constant 
by (^ntrolling the bias potential on the radio-frequ^cy 
amplifier and the first-detector grid circuits. In this 
receiver the first two panels which contain the equip¬ 
ment Up Ijo and induding tiie first stage of intermediate 
fr^uency amplification are duplicate. By means of a 
switch the equipment in either of the fiirst two panels 
may be connected to "the rest of the receiver. This 
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arrangement makes it possible to switch from one fre¬ 
quent^ to another with only slight tuning adjustm^ln 
and th^fore with the minimum loss of time. 

The receiving antenna is similar in construction to 
the transmitting antenna already described. It is 
about 500 ft. northeast of the recdving building and is 
designed to recdve two frequrades, 16,195 kc. and 
7,535 kc. Connection to the receiver is by means of a 



Fig. 4. Section of concentric copper transmission 
conductor for connectinj the receiving antenna t 
the radio receiver 



Fig. 5. Fundamental arrangemenb of voice- 
operated devices.for the transpacific radiotelephon 
circuit 


concentric-conductor transmission line run imderground 
at a d^th of about 18 in. This type of line is used 
because of its low ti'ansmission loss at high frequendes 
and because of the shielding effect of the grounded 
outer conductor. The outer copper tubing is of l^in. 
outride diameter while the inner copp^ tubing is of 
^in. outride diameter. Spacers are of Isolantite. 

At San Frandsco the terminal control equipment will 
be located on the first floor of the Padfic Telephone 
and Telegraph Compands Grant Avenue toll building. 
To this location are brought the transmitting and 
receiving radio dreuits, as wdl as the interstation com¬ 
munication and order wires. Equipment at the terminal 
station is the same as that mstalled at New York for the 
transatlantic services and which has been described 
in a paper previously presented. 
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^ FVotu the t^minal control room the radio circuit 
is carried to a special position at the San Frandsco toll 
switdiboard where coimection may be made to land 
line circuits extending to all parts of the country. 

It is 6^)ected that swvice to Hawaii will be available 
commerdally early in 1932. To the people of Hawaii 
■flie establishment of this service will offer for the first 
time a r^ar telephone connection with the Nortii 
American Continent. In addition, it will afford 
portunities to make tests and obtain actual field data 
leading to still furthw extension of radiotdephone 
communication to such oth«* transpacific points as 
may be dedded upon in the future. 


Voice Trdmm$ 

on a Scientific Basis 


T 

I RANSMITTING, recording, reprodudng, 
and amplif^ng of sound by mechanical, electrical, and 
photographic devices have brought an industrial need 
for an ^act science of sound. In 10 years of research 
with modem instruments and laboratory methods, and 
with the latest knowledge of physiology, enough has 
be«i learned to establish prindples for training a voice 
undoBtandingly although much additional research 
is needed. 

Hundreds of tests were made upon voices, trained 
and untrained; for example, an investigation of the 
expulsion of breath during phonation. The singer put 
on a F^di gas mask; in its ^e-piece was a telephone 
transmitter; rubber tubing went fiom the waslr to a 
spiromet^ and to the air. Flutter valves allowed 
breathing in from the outer air and out into the spirom- 
etw, but stopped escape into the outer air or out of the 
spirometer. The ^edally designed transmitter was 
connected to a special amplifier and thence to an oscil¬ 
lograph. The singer sang several tones on different 
vowels at various pitdies and intenatiea, each tone 
bdd 8 to 12 sec. Readings of the volume of air eiQi^ed 
per second were taken. 


Observation of great singes has shown that they 
never produce a "dead,” steady tone except at pianis- 
rimo. The tone fluctuates in intensity with perfect 
r^iularity. This fluctuation, very wide at high inten- 
is accompanied with a slight fluctuation of pitch. 
Tbis vibrato is the result of an impulse periodically 


Stanley. M. S.. Aeme. «ty Guilds of London 
Inin., Aooxistical Society of If. Y* 
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applied to all the muscles which coordinate in the act of 
phonation. Its frequenqr is about six per second, but 
can be increased, llms all the time the singer is pho- 
natmg he actually is alternately singing and edlent, 
rapidly and regularly. As the intensity rises the "on” 
impulse is more vigorous and the swing of the vibrato 
increases. Since at mezzo forte, when the technic is 
good, the intensity of the tone should increase as the 
pitch rises nearly up to the top of the tinge’s range, 
the vibrato shotdd increase in amplitude as the scale is 
ascended. The vibrato decreases as the intenrity drops 
until a point is reached at which a stream of air actuates 
the vocal cords, when it disappears altogether. This 
concept of an “on” and "off” impulse is very different 
firom the old notion of steady control of a stream of 
breath. 

A great voice is not doe to anatomical peculiarities 
but to mental and emotional capacity and tractability. 
The human voice is a sound-produdng instrument 
governed by the laws of sound and of physiology; it 
conrists of a motive force (the pressure of the breath), 
a vibrator (the vocal cords), and a resonator (a set of 
adjustable cavities in the head and throat). Voice 
starts in a mental concept which brings the necessary 
muscles into action. A singer must have a mental 
concept of the pitch which he is about to soimd. If this 
concept, or the receiving mechanism of tiie ear, be 
faulty, a pupil cannot be made to ring, altihough his 
speaking voice may be trained. Two groups of musdes, 
one of sev^ and the other (far stronger) of two, bring 
the vocal cords into tension and hold them there. 
When a mental concept initiates the nerve im pnlaas 
supplied to the larynx, these musdes come into action 
and the y(^ cords are set to the proper length, tenrion, 
and position. If the sing^ starts from pianissimo, 
where the breath pressure is at a minimiiTii , and in¬ 
creases the intensity and therefore the breath pressure 
or the amplitude of the vibrato to fortissimo, the 
musdes must take on additional tenrion. The li ghts 
muscle group should take tenrion to a point at which 
it would ovCTload; then tenrion of the strongs group 
, must be increased. 

So long as the vocal cords are held in tension Against 
pr^sure of the breath by means of additional tenrion 
on the lighter muscles, the singer or speaker is using the 
uppw roister” (falsetto); as soon as the stronger 
musdes start to take on added tenrion, he is using the 
“lower roister.” RegistraHon provides the proper 
method of controlling the intensity, not the pitch. The 
registers should be isolated and trained s^aratdy; 
only when fully developed should they be coordinated. 
Improper coordination of the laryngeal muscles ac¬ 
counts for the i>artial or total loss of voice of most 
of the great singOTs at an age at which they should be 
in their prime. 

^m "breath expulrion-intenrity” curves,, a person 
trained in tiiis new scidice will be able to make ah 
accurate tech nic al criticism of a voice without having 
heard it. The “breath control” doctrines, long ac- 
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of the walls of the resonating cavities. The vibrato is 
the means for moving the voice correctly from tone to 
tone; it allows the singer to keep perfect time and 
rh 3 d;hm; it can be improved and controlled by training. 

The range of every properly produced voice should 
be at least three octaves; some persons may attain 
nearly four. Faulty registration and resonance ad¬ 
justment can curtail the range 50 per cent or more; 
also reduce the power to an incredible degree. The 
mouth should not be used as a resonator. When a 


person is phonating the muscles used in the act of 
phonation should not be relaxed but in proper tension 
balance. 

There is no fundamental difference between the 
singing and speaking voices except in so far as vowels 
are more sustained in singing. Tliere is no vibrato in 
speech. In singing the intensity is far greater (thus^ 
the general pitch is far higher), the range far wider, 
and articulation much stronger than in speech. In ^ 
speech, low tones are most effective; hence all normal' 
speech should be in the pure lower register. 




Papers PresenieJ at iLe Pacific Coast Convention 


INTERPRETIVE abstracts of all papers 
presented at the Pacific Coast A. I. E. E. convention 
(Aii«u^ 26-28, 1981) are presented herewith, only 
excepting those pap^ already published in tliia or 
preceding issues of Electrical ENGiNEERma Mem- 
bens vitally interested and wishing to obtain immedi¬ 
ately pamphlet copies of any of these pap^ are 
requested to use the order form appearing on p. 770 of 
this issue. In response to popular demand and within 
its space limitations Electrical Enginebring sub¬ 
sequently may publi^ certain of these papers, or 
technical articles based upon them. 


Electilc Power 

In the Wood-Products Industry 

By C E. Cdrcy’ and K. L Howc^ 

For references to businees affiliations see listing on page 756. 


paper deals witii eleotrio power in those indue- 
tnes m the Pacido Northwest which use forest wood as raw 
material for manufacture. It covers briefly the eleotrio power 
requirements of these industries, and presents some statistics as 
to electric power consumption. During the past two decades 
the eleotrio energy consumed in the lumber, pulp, and paper in¬ 
dustries of this district has grown to a value oomparable to the 
total amount generated by all of the central stations operating 
within the same geographic area. 

(^eral information concerning the types of motors used for 
various operations w given, along with some statistical informa¬ 
tion as tomvera^ power requirements for certain mAAbinAfl and 
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illustrations of typical installations. The paper deals with the 
^neral application of electric power within the wood-products 
industry, and does not cover the technical requirements of each 
of the motor applications. 

The methods of manufacturing within the various plants, 
and the requirements of the various processes determine the 
extent to which electric energy is used in these various mills. 
The success of electric power utilization is indicated, however, 
by an annual energy consumption of more than 2,000,000,000 
kw-hr. (A. I. E. E. Paper No. 31M 1) 

Electrical Equipment 
for Oil-Field Operations 

By H, C Hill* and J. B. Se Legue^ 

THE application of electricity to tlie work of drilling 
for oil and pumping the wells, many problems x>eculiar to the oil 
industry have been encountered. This paper presents some of 
the more interesting features of these applications, and is con¬ 
fined to a discussion of the duty involved and of the design of 
the apparatus for the purpose. Although the petroleum industry 
still relies largely upon engine power, strides have been made 
during the past ten years in the development and applioation 
of eleotrical apparatus, aud in the extension of centwd station 
power into oil fields. Oil companies are giving an increasing 
amount of attention to its use. 

A comparison is made between the methods and equipment 
involved in oable-tool drilling and rotary drilling. Briefer 
consideration is given to well-pumping control equipment, 
electrical protection measures, and the air-gas lift. The many 
other uses for electric power in oil production and hfinHii n g are 
considered as beyond the scope of this paper. 

Electric power for oil-field operations was first used in the 
eastern fields more than 30 years ago, but the extensive use of 
this form of power did not begin until 10 or 12 years later, when 
it was introduced in the California fields. Most of the new 
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developmeats whiolx since have been made in the design and 
use of electrical apparatus for oil-well drilling and pumping have 
been tried out and perfected first in the Califomia fields before 
being adopted elsewhere* This has been due not only to the 
field conditions encountered there, but also to the avail bility 
of dependable central station power service in all of the fields* 

Of the tremendous connected horsepower in the oil industry 
the United States, it is understood that only 7 per cent is 
electrical. In Califomia alone there is 1,500,000 hp. installed, 
of which only 15 per cent is electrical. This indicates the 
•potential possibilities for electrification* (A* I. £* E. Paper 
No. 81-128) 


The Mokelumne River Development 
of the Pacific Gas and Electric C mpany 

By E. A. Gellin* 

Essentially the fuii text of this paper is pub* 

lished on pp. 705-12, of this issue of Et,ectiucai> ENoiNBKRiNa. 

(A. I. E. E. Paper No, 31-lSO) 


Correlation of 

Induction-Motor Design Factors 


Power Transmission and Distribution 
from the Mokelumne River Development 

By E M* Wrisht* and B. D. Dcxtei^ 


By Vaino Hoover* 

ANALYSIS of stator resistanoe, wire size, horse¬ 
power rating, and air-gap density as a function of the flux per 
pole per unit-length of lamination stacking, stator slot shape 
and slot insulation, rotor diameter, and flux densities in the 
stator teeth and core, is given in this paper* 

The usual method of design is to begin with the rotor radius, 
flux per pole, and ampere-conduotors per inch of rotor circum¬ 
ference. The flux density in the air-gap is determined when 
the statoivtooth density and the ratio of slot pitch and tooth 
width are set. The depth of slot is determined by the ampere¬ 
conductors per inch, and the cir. mils per ampere. The depth 
of stator core and the stator radius then are determined by 
setting the value of the flux density in the stator core. The 
relations of the rotor and stator radius, the width of slot and 
toot^ the depth of slot and core, the flux per pole, and the flux 
density, to each other and to the motor peifoxmance are quite 
vague. Therefore, to determine thrir best proportions is difficult 
unless many experimental data are available. 

In this paper an attempt is made to determine the relation of 
these factors to each other, and to determine their proportions 
for the best design. Briefly outlined, the analysis is presented 
as follows: The area of the stator slot is developed as a function 
of the shape of the slot, and the area occupied by the slot insula¬ 
tion. The effect of the slot insulation on the net area of the 
stator slot is taken into account by using a corrected value for 
the stator radius. The area of the wire used for stator coils is 
developed as a function of the flux per pole. The stator re¬ 
sistance is expressed as a function of flux per pole, and slot 
shape. The rotor radius is determined by setring the ratio of 
^e flux densities in the core and teeth. A sample calculation 
is made using this method of design for motors of from two to 
twelve poles. The maximum torque as a function of the flux 
densities md of the flux per pole is discussed. The effect of 
stator resistance on maximum torque is calculated and shows 
that the flux per pole used should be very nearly that for mini¬ 
mum stotor resistanoe. Fifty-three equations are developed. 
(A. L E. E. Paper No. 81 M 7) 


A-C Networks 
in Portland, Oregon 


ByS.B.CIsrlc* 

^®S®NTIALLY the full text of this paper wsis p 
fl44-647, Embotbioal EwfoiNiiBBiNa, August, 19; 
(ALB. E.PaperN .31 M2) 
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Essentially the full text or this paper is pub¬ 
lished on pp. 713-18, of this issue of Electuical ENaiNREniNo. 
(A I. E. E. Paper No. 81-181) 


Tie-Line Control 
of Interconnected Networks 

By T. E Purcell* and C A. Powel^ 


Operating experience with tie-line load regu¬ 
lators on the Pittsburgh, Pa. tie line interconnecting the ('olfax 
Power Station of the Duquesne Light Company with tho 
Springdale station of the West Penn Power Company is described 
in this paper. Equipment used, including tie-lino load regula¬ 
tors, program load control, and a hydraulic speed changer alao 
is described. 

The prime requirements of a successful tie-line load regula.tor 
are that it must not respond to small transient load changes, 
but that it must respond to small sustained changes. Further, 
it must respond to laige load changes whether temporary or 
sustained. 

ITie program loading equipment mentioned is installed at tho 
Colfax station to maintain the most economical division of load 
between the various generating units of that particular station. 
The principle of dividing all load increments proportionally 
between units in a steam station does not necessarily make for 
maximum effici^cy. In the program equipment at' Colfax 
load scheduling is based on turbine valve position rather than 
on generator output, thus maintaining each turbine at its most 
effloient valve openi^ regardless of the effect of the many 
variables which enter into the position of the valve with reference 
to the load. 

The new hydraulic speed-changing device described is in¬ 
tended to reduoe to a minmum, wear on the governor parts, 
and to offset the tendency for increased wear arising from the 
extremely frequent governor operation imposed by frequency 
control. 

As a result of tests made jointly by the Duquosuo Light 
Company and the West Penn Power Company, the following 
conclusions are reached: 


attu prograiu loading equipment have been 
developed to & commercial sti^e. ' 

fa wpitotoCT OH ODo 878toni (fan 1)6 operatod sattebietorUy 

in oonianctton iritii fraqwency regulators on a connected system. 

. msjr bo used to reduce load fluctuations between 

Intercomiectedsystems. (A..I.B.B.PapwN .3I.iap » 
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Tuned 

Power Lines 

By H. ^l. Skillins' 


IE FULL text of this p&per was published on 


pp. 634-37 Elbotbical Enginebwnci, August 1931. (A. L E. E. 
Paper No. 31-124) 


jntercontin niai Radiotelephone 
Service from the United States 

By J. J. Pllllod* 


A 


COMPREHENSIVE abstract of this paper is 


published on pp* 748-62 of this issue of Elbotrioal Enqinibbb- 


INQ. (A. I. £• Ee Paper No. 31-129) 


Electrical Solutions of 
Problems of Regular Scheduled Flight 

By C F. Grecn^® 

An article based on this paper was published 
on pp. 6&lr657 Elbotbical Enqinbbrinq, August 1931. 
(A.I.E.E.P per No. 31 M3) 

The San Franci$co-Los Angeles Section 
of the Pacific Coast Telephone Cable Network 

By E. M. Caldcrwood^' and D. F. Smfth“ 

COMPREB[EN SIVE abstract of this article is 
published on pp. 736-41 of this issue of Blbctbioal Ehqi- 
NBBBING. (A. I. E. E. Paper No. 31-125) 


Electrical Measurements 
of Sound-Absorption 

By A. L Alberti* and W. R. Bullfsi* 

Principally because of the recent development 
of hilth-quality radio broadoasting, group address systems^ and 
sound motion pictures^ the acoustic charaoteristios of buildings 
are now an important factor of architectural design. Using 
the work of Sabine and others as a basis, it is possible to' design 
studios and auditorfoms to give complete aoonstic satisfaction. 

However, since the sound-absorbing properties of various 
acoustio and building materials differ widely, it is necessary to 
determine quite accurately the sotmd-absorbing coefficients 
before reliable reverberation calculations can be made. These 
ooeffioiep.ts have ^l>een measured previously by varioiu means, 
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two of which are widely used. The first of these consists of 
covering the inner surface of a specially constructed room with 
the absorbing material to be tested. The sound-absorbing 
coefficients then can be calculated from the measured rever¬ 
beration time. The other method is very similar except that 
instead of covering the surface of a room with the absorbing 
material, the material is placed on large panels in the room. 
Both of these methods as well as others which have been devised 
are accurate but necessitate the use of laige test samples and 
are somewhat slow and expensive in use. 

This paper describes an electrical method of measuring the 
sound-absorption properties of acoustio materials. Both the^* 
equipment and method can be said to be simple and rapid in 
operation, and inexpensive. With this* method, the sound 
absorbing properties are determined by the effect produced on 
the electrical charaoteristios of a loud speaker by sound waves 
refected from the absorbing material. The test equipment 
inolndes a relatively small wooden tube inside of which a loud¬ 
speaker with a special mounting may be moved back and forth 
with respect to the end of the box in which is mounted the sound¬ 
absorbing ^terial to be measured. In addition to this equip¬ 
ment there is simply a vacuum-tube oscillator with bridge 
measuring arrangement including the loudspeaker coil in one 
side of the bridge oirouit. 

Advantage is taken of the generally known fact that the 
electrical impedance measured between the terminals of a tele¬ 
phone receiver or loudspeaker is greatly affected by the location 
of the device with respect to refecting surfaces in. front of it. 
The effects of various sound-absorbing materials, as reflected 
through the adjustable loudspeaker device, are translated 
through the bridge readings into comparable figures which 
reveal the rdative characteristics of different samples of ma¬ 
terials. Although the tests which have been made and which 
are described in the paper indicate that this method gives 
consistent resists, it is believed that the device can be made 
even more satisfactory and perhaps arranged to give the sound¬ 
absorbing coefficients directly as an indioating-instrament 
reading rather than hrom the impedanoo-bridge settings. 
(A. I. E. E. Paper No. 31 M 6) 


Cadiode Drop 

in Arcs and Glow Discharges 

By S. S. Mdciceown® 

The arc is defined as an eleotrical discharge in a 
gas or a vapor in which the cathode drop is of the order of 10 or 
20 volts and the current density to the cathode spot is of the 
order of hundreds or thousands of amperes per square centimeter. 
For an arc^to exist it is necessary that there be some mechanism 
for producing electrons at or near the cathode. Unfortunately, 
there is no general agreement among physioists as to the mechan¬ 
ism which produces this low cathode drop with the correspond¬ 
ingly high current density which is characteristic of an electrio 
arc. In this paper the author reviews briefly the different 
prevalent theories regarding the low cathode drop in an arc, 
offering discossionB and interpretations based upon extensive 
research work carried out at the California Institute of 
Technology. 

The au^or divides his subject treatment into four general 
parts: (1) the cathode drop in an arc, (2) the nonnal cathode 
drop in a glow discharge, (3) the abnorinal cathode drop, and 
(4) transition from a gjow discharge to an arc. In each ease 
prevalent theories are briefly presented and discussed. 
(A. I. E. E. Paper No. 31M 5) 
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The*K!ncllin3 Electric 
Sparkover Based on Lichtenberj Figures 

By C E. Masnusson'^ 


The mechanism of the eleotrio sparkover pro¬ 
cess lately has become a much discussed problem. ToTsmsend’s 
theory of the formation of electric sparkover has been challenged 
and t least in some respects found wanting. Several well-known 
mvestigators have given ample evidence that the sparkover 
process is very complex; that the speed of formation is in the 
order of 10* cm. per sec. instead of 10< or 10*; that polarity and 
s^pe of electrodes, ionization, space charges, voltage gradients 
air pressure, temperature, and other factors enter into the prob¬ 
lem. The results of investigations on the early stages of electric 
sparkover throw light on certain phases of the initial or TrinHling 
stage of an electric spark formation, but a comprehensive ex¬ 
planation of the mechanism or process involved in the formation 
of electric si>arks or sparkover still is lacking. 

In this paper a new method of approach is described and ex¬ 
perimental evidence is presented which tends to show that for 
impulse sparkover the following statements are valid: 


1. Electrons are primarily tne active elements in the kindling 

2. Lichtenherg figures form the initial step in the WnHUwg process. 

3. Sparkover devriops firom the tips of the positive Lichtenberg figures 
along the streamers of both the positive and the negative figures 
<A« 1. £• C. Paper No. 31-123) 


Van tions of broadcast service area arising from station power 
and location and as affected by the topography of the surround¬ 
ing country have been found to have an important bearing upon 
the radio-interference problem. Experience shows tiiiat there is 
no simple solution for the interference problem; that it must be 
dealt with in a spirit of cooperation by the utilities, the eleotrio 
manufacturers, and the public. Hi the West, interference Hrom 
electric power supply systems is well in hand except for the 
troubles originating on high-voltage lines. Although filters on 
power lines have been suggested, their use is questionable. 

Manufacturers have a great opportunity in the sale of radio 
nomeproof appliances and apparatus, and the public can help by 
insisting upon such appliances. Increased broadcast coverage 
is very desirable to offset the maximum noise level in m&ny of the 
large are^ now having low field strengths. However, continued 
oooperatiye effort on the part of all concerned undoubtedly is 
the best solution to the interference problem. (A. I. E. E. P oer 
No. 31-122) 


Calorimeter Measurement 
of Stray-Load Losses 

By G. D. Floyd” and J. R. Dunbar” 


Snow Surveys 
and Hydro-Forecasting 

By H. P. Boardman” 


# \ COMPRBHEN SIVE description of the apparatus 
and methods involved in a cooperative precipitation survey 
•and the results obtained are given in this paper. The scope of the 
paper is limited principally to the watershed area of the eastern 
Sierra Nevada range of California, the runoff from which con¬ 
stitutes the chief source of water supply for Reno, Nevada, and 
environs. Statistical Information is presented which reveals 
the accuracy of predictions based on snow surveys, as com¬ 
pared with actual runoff for various seasons. (A. L E. E. Paper 
No, 81M 4) 


This paper covers several thermal or calorimeter 
tests which wwe made at the Queenston generating station of the 
Hydro-Electric Power Commission of Ontario, on a 66,000-kva. 
generator having an enclosed system of ventilation. The objects 
of the tests were to determine stray-load losses on short drouits 
and under rated load, and to obtain some information regarding 
the a^uracy of this method of test. Descriptions are given 
covering the general method followed and the actual tests as 
made. For those who might wish to check the calculations in 
detail the actual figures are given in an appendix. 

The results of the tests show that the stray-load losses on large 
units can be determined with fair accuracy by this method when 
an enclosed system of ventilation is used on the unit. Tests also 
seem to show t^t the difference between the stray-load losses 
under load conditions and under short-circuit conditions is slight, 
and that a test under load conditions is justified only when an 

exti:emelya(Mmi»te'determination of losses is required. For most 
purposes a test under short-circuit conditions seems to be 
sufficient. (A. I. E. E, Paper No, 31-126) 


Radio 


Business Affiliations of Aufhois 


Coordination 

By C C Campbell* and H. N. Kalb” 


. ^ authors* experience with radio-interference 
proble^ in northern and central California is used as a basis 
for this paper. An attempt has been made to present the 
various phases of the problem rather than to offer a solution of 
any particular phase. Radio interference from natural static 
from radio sour^ is not within the soope of this paper, but 
is mentioned where it has a bearing upon interference caused by 
^ectocal sources. Natural static is less severe in the West than 
in the East, making other types of radio interference more 
apparent. A larger network of higher voltage transmission lines 


^ectno developments and a more scattered population, and this 
factor also enters the problem to some extent* 
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1. Westiuglioiise Bleo. A Mfg. Oa., Seattle. Wash. 

2. General Electric Oo., Los Angties, OaUf. 

8. Oaltfomia Institnte of Technology. Pasadena. 

4. Northwestern Electric Go., Portland. Oregon. 

5. Pacific Gas and Electric Oo.* San Francisco. Oallf. 

0. Dnqnesne Light Oo«, Pittsburgh. Pa. 

7. Westinghonse Elec. & Mlg. Go.. East Pittsburgh, Pa. 

8. Stanford University. Oallf. 

9. American Tel. A Tti. Go., New York. N. Y. 

10. General Electric Go., Schenectady, N. Y. 

11. Padfic Tri. A Tel. Go., San Francisco, Galif. 

12. So. Oallf. Telephone Go., Los Oallf. 

13. Oregon State College, Gorvallis, Oregon. 

14. University of Washington, Seattle, Wash. 

15. University of Nevada, Reno, Nevada. 

16. San Joaquin Light and Power Ooip., Fresno, Galif. 

17. Hydro-Electric Power Oommteslon of Ontario, Toronto, Ont. 

18. Canadian Westlnghouse Go.. Ltd., Hamilton, Ont. 

Electrical B]^caNEBRiNG< 




Of Instiiuie and Related A.cli-vilies 



Bagn li dam and semi-outdoor power house of the Union Electric Light and Power Company (St. Louk) 
built by Stone & Webster Engineering Corporation 


South West District 
To Meet at Kansas City 


A VABIBTrot interest 

subjects, good entertaiament and profit¬ 
able inspeotiou trips to noteworthy local 
engineering projects comprise th^ pro¬ 
gram for a three-day fall meeting of the 
South West District No. 7 to be held at 
Kansas City, Mo., Oct. 22-24, 1931. 
Headquarters will be at the Kansas City 
Athletic Club. 

Nineteen papers will be presented in 
four technical sessions the first of which 
consists of a group of selected subjects: 
back-fires in rectifiers, surge tests on a 
distribution substation, oyervoltages due 
to dropping of load, computing ouizents 
in networks and loops, building-construc¬ 
tion welding, effect of wave form on relay 
operation, and pilot^Vire relaying. The 
second sesrion will be devoted to the 


St. Louis-Bagnell interconnection, with 
the showing of a motion picture descrip¬ 
tion of the actual construction of the 
Bagnell dam. The third session will 
deal with communication subjects; eco¬ 
nomic surveys, advance planning of long 
distance telephone facilities, tape-armored 
cable, and the time factor in transmission. 
The closing session will be on subjects in 
the field of transmission and distribution, 
such as lightning field investigation, heat 
flow from cables, corona energy loss, 
fuses, and cut-outs. 

The banquet Friday evening, October 
23, will be held in one of the finest ban¬ 
quet rooms in the Middle West—that at 
the Kansas City Athletic Club, noted for 
its excellent cuisine. Between courses, 
entertainment will be provided by some 


of the best talent obtainable, and follow¬ 
ing the banquet there will be dA.iiAin|y 
with music furnished by an orchestra 
well qualified to please all. 

Golf will be arranged for all those who 
may wish to play. 

Women’s Entertainment 

Women attending will be entertained 
with a luncheon bridge at one of our golf 
clubs, a theater party, and shopping tours. 
Nothing will be left undone to 
their visit to Kan sas City a pleasant one. 

Tentative Program 

Thur8day<-*a. m. 

Registration 

Opening address 

Student technics! session 


Sbptbmbbr IdSl 
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Thursday—p. m. 

(a) Student Sessl n 

(b) Session on Selected Subjects 

Elscthic Arc WELoiNa in BinLi>- 
iNO Construction, P. N. Vinther, 
Dallas Power & Light Co. 

The Etpect op Wave Form ok 
T«E Operation of Induction-Ttpb 
Relatb, P. H. Bobinsoii, Houston 
Lighting & Power Co. 

The Telegraphic Pilot-Wire Re¬ 
lay System, O. H. Frier, Oklahoma 
Gas & Electric Co. 

Calculating Load Division in Dis¬ 
tribution SYSTBirs, 0. T. Almquist, 
The XJniverslty of Oklahoma. 

Bace-pirbs in Mercury-Arc Rbc- 
TiFisBS, J. Slepian and L. B. Ludwig, 
Westinghouse Slec. & Mfg. Co. 

OVBBVOLTAOEB ON TRANSMISSION 

Systems due to Dropping of Load, 
£. J. Burnham, General Electric Oo, 

Impulsb-Yoltagb Tests ok a 4,800- 
VoLT Distribution Substation, H. 
W. Oollins and B. B. Plepho, Detroit 
Edison Co., and J. J. Torok, Westing- 
house Elec. & Mfg. Oo. 

Thorsd y Evening 

St« L uls^Eadnell Interconnection 

Interconnection op the 26- and 
60-CTCLB Systems op tbb Union 
Electric Light & Powbr Oo., B. L. 
Hough and L. V. Nelson, Union Slec. 
Light & Power Oo. 

Automatic Control for Yariable- 
Batio Frequency Oonvertebs, E. H. 
Shively, Union ElectetjC Light & Power 
Co., and G.'- Sr Wliltlow, Genoral 
Electric Co. 

Thrsb-Rbel Motion Picture op 
TBB Actual ConstrucI'ion op thb 
Bakonbll Dam. 

Friday—a. m. 

Communication 

Economic Surveys and Thbib Ap¬ 
plication toEnoinbbring Problems, 
J. N. Holsen, Southwestern Bell Td. 
Co. 

Advance Planning of Long Dis¬ 
tance Telbphonb Facilitibs. O. O. 
McFarland, Southwestern Bell Tel. Co. 

Tape-Armored Telephone Toll 
Cable, C. W. Njrstrom, Southwestern 
Bdl Tel. Co. 

Tbs Time Factor in Tblbpsonb 
Tbansmission, O. B. BlackweU, Ameri¬ 
can Telephone 8c Telegraph Oo. 

Friday—p. m. 

Hispectioii tilx>s and recreation 

Meeting of board of directors 


Corona Enbroy Loss, W. D. 
Weidlein, Black and Veatch. 

Application op Primary Distri¬ 
bution Fuses, F. E. Sanford, Union 
Gas & Electric Oo. 

The Expulsion Fuse, J. Slepian 
and O. L. Denault, Westinghouse 
Elec. 8c Mfg. Oo. 

Fusb Out-outs with Special Rbp- 
BRBNCB TO TbEIR DbSIGN ANd' AP¬ 
PLICATION BOB A-0. Distribution 
OiBcuiTs, E. G. Newton, General 
Electric Oo. 

Saturday—p» m. 

InspectloD trips and recreation 

Hotel Resebyations 

Heservatioiis for hotel rooms should 
be made by writing directly to the hotel 
preferred. In the following table, rates 



New building of the Kansas 
City Power & Light Company 
features a 13,200/199/115- 
volt, three-phase, four-wire, 
vertical distribution system 

are listed for the headquarters hotel, the 
Kansas City Athletic Club, and seYeral 
other hotels oonveniently located in the 
neighboring vicinity. Members of the 
Dallas, Houston, Oklahoma City, and 
Wichita Athletic Clubs may enjoy re¬ 
ciprocal relations; 


Friday Evening 

Banquet and entertainment 
Ebiturday—a* m. 

TrRusmlsslott End IHatributlon 

Fielu Investigation op Light¬ 
ning DiamBANOBS OK Tbaksmisstok 
liiNia, D. O. Jadcson, Jr. and R. W. 

Warner, University of E^msas. 

^ Heat Flow prom Ukdbrground 
Elbotryo P web Cables, L. J. Neu¬ 
man, The Teacas po; 
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Hotel 


Hotel Rates 
Single Doable 

Booms Booms 


Athletic Club.S8.00-$5.00 

Baltimore.. $l.60^$2,00* 

$2.60-S5.00 

Mudilebach... $2.50-$8.60* 
^ SS.60-$8,00 

. .a2.60-$4,00 

JIdewick.*2.9044.00 

President.....$8,00 

.....$2.00.$8.50 

«Room8 without bath 


$5.00-87.00 

$2.60-88.00* 

$8.6040.00 

$4.00-86.00* 

$5.00-10.00 

$4.0040.00 

$8.6040.00 

$ 6.00 

$2.50.$6.60 


Committees 

The personnel of the general cominittoo 
consists of: G. C. Shaad, chairman, vice- 
president South West District; R. W. 
Warner, secretary South West District; 
S. T. Blaisdell; J. E. BusJier; C. B. Pall; 

C. D. Farman; D. C. Jackson, Jr.; P. J. 
Meyer; J. S. Palmer; A. A. Rail. Sub¬ 
committee chairmen are: R. L. Baldwin, 
hotels and registration; M, M. Boggo.ss, 
finance; D. D. Clarke, technical sessions; 

D. W. Bllyson, golf; G. Pisko, entertain- 
menl; A. L. Maillard, inspection trips; 

O. P. Minnick, publidly and attendance; 

P. L. Phillips, <ransporia/./ort; M, P. Wein- 
bach, student aclivilies. 

Inspection Tiiirs 

Kansas City is tlie homo of nearly 
every type of industry that can liold the 
attention of an engineer, especially elec¬ 
trical engineers. Some intiTosting fea¬ 
tures to be studied arc the new super- 
synchronous motor installations for the 
cement mills, the complolely automatic 
system of the Kansas City Power & Light 
Company, the application of electricity 
to the milling industry, for oxainple the 
new automatic installations of the South¬ 
western Bell Telephone Company. Engi¬ 
neers interested' in the applicadon of 
elec]trioity to water supply systems also 
iirill find Kansas City a capital place to 
sWdy. 

Grand Avenue Station 

In 1927, the Kansa-s City Power & 
light Company acquired tlu^ old Grand 
Avenue Station of the Kansas CMty Publio 
Service Company (tlio str(»ot railway 
company). Tliis jdant wliich was iirst 
put in service in 1903 was antiquated and 
expensive to operate; however, the loca¬ 
tion made it not only favorablo for central 
power production and distribution, but 
ideal as a production oouter for the con¬ 
tinually increasing demand for central 
distriot steam heat. Upon tho acquisi¬ 
tion of this property, a rebuilding pro¬ 
gram was started which has extended 
over a four-year period and has involved 
the expenditure of nearly $6,000,000. 
The result has been the conversion of an 
obsolete inefficient station into a strictly 
modem, efficient, high-pressure power 
and hating plant. All central station 
men will want to review this rebuilt work 
and see how increased efficiency was 
brought about in so short a time. 

Other Points of Interest 

^ In addition to its two generating sta¬ 
tions, Kansas City for its size probably 
hw the most complete automatic power 
distobution system of any city in the 
United States, witlrall powej except for 
ld.2-kv. primary service supplied from 
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substations equipped with complete auto¬ 
matic eontroL The system consists of 
two major parts: the d-c* substations, 
and city h-c. substations with outdoor 
a-c. suburban stations. 

The d-c. system embraces a restricted 
district in the downtown business section, 
with d-e. network fed from five syn¬ 
chronous converter substations of two 
automatically controlled machines, each 
of which feeds an individual bus, being 
tied together only through the d-c. 
network. 

♦ The a-c. system consists of seven 
13,200/4,400/2,560Y-volt, three-phase, 
four-wire automatic substations. These 
stations located in various parts of the 
city are architecturally designed to con¬ 
form to the t 3 rpe of district in which they 
are located. Interior designs follow 
usual practise, but with such additional 
features as comply with latest ideas. 
Stations of interest in this group are: 
Substation R of residential t 3 q}e using 
reinforced concrete for switch barriers 
and regul tor bays; Substation A of 
residential type using ‘*Ha-dite” concrete 
barriers; and the latest Substation H 
located in a newly developed business 
and apartment district, with the station 
exterior designed to conform with the 
general architeotural plan of the district. 
The interior design is in artistic agree¬ 
ment with the exterior. Special features 
of this station include switch structures 
and regulator bays of fabricated stone, all 
circuit breakers frame-mounted and not 
supported by the barriers, and a heating 
and ventilating system fully automatic 
in its operation. 

A ^dsit to the Bell Telephone building 
will afford an opportunity to inspect a 
large telephone xmwer plant, a large 
telegraph repeater station, a panel-type 
dial central office, a large manuaJ central 
office, toll and local operating rooms, etc. 
The Benton-Chestnut exchange which is 
to go into operation October 1, 1931 has 
the most modem type of dial equipment, 
toother with associated oi>erators’ posi¬ 
tions. This exchange has 16,500 ter¬ 
minal stations with an average of 120,000 
originating and 117,000 incoming calls 
per day. 

The committee has arranged a trip to 
the Bagnell water power project of the 
Union Electric Light & Power Company 
located in the center of the state. This 
trip, in addition to the fine papers on 
Ihis subject, will give an interesting 
picture of this much discussed project. 


Radio N wspaper*—A daily newspaper, 
specially prepared for radio facsimile 
transmission by the Schenectady Unton 
Star, hgs been feat Sally to ships at 
sea from General Electric^s short wave 


Station at Schenectady, N. Y., smoe 
July 30. The newspaper is compiled 
late in the afternoon to contain the 
latest news of the day, and is transmitted 
between 9 and 11 o’clock at night over 
apparatus developed by Dr. B. F. W. 
Alexanderson (F’20). At present recep¬ 
tion of this radio newspaper is limited. 
Receivers have been instaUed by the 
Radio Marine Corporation on two 
transatlantic liners, the America, and 
the Minnikahda, and another is being 
operated in Doctor Alexanderson’s de¬ 
partment in the General Eleotrie research 
laboratory, about 3 mi. from the trans¬ 
mitter. The receivers are known as the 
carbon facsimile recorders, developed a 
year or two ago by Charles J. Young, 
son of Owen D. Young. 


Tahoe Convention 
To Be Reported 

The Pacific Coast convention at Lake 
Tahoe, California, opened its sessions 
Tuesday morning, August 25, too late to 
be reported in this issue of Elbotrical 
Enoinbbrino. However, brief interpre¬ 
tative abstracts of all Tahoe papers may 
be found on pp. 753-56 of this issue. 

The general news story covering con¬ 
vention activities will appear in the 
October issue. It is hoped also that the 
written discussion of Lake Tahoe papers 
will be in the hands of the secretary of 
the meetings and papers oommittee at 
33 West 39th Street, New York, N. Y., 
in sufficient time and in suffldient quantity 
to warrant the presentation of a review 
of discussion in connection with the. 
convention story in the October issue. 


Directors Meet 
at Institute Headquarters 

The regular meeting of the A. I. E. E. 
board of directors was held at Institute 
headquarters, New York, August 4,1931. 
Present were: Preeident—C, B. Skinner, 
Bast Pittsburgh, Pa. Vice^edderUe — 
H. P. Charlesworth, New York, N. Y.; 
L. B. Chubbuck, Hamilton, Out.; W. E. 
Freeman, Lexington, Ky.; W. B. 
Houwenhoven, Baltimore, Md.; I. E. 
Houltrop, Boston, Mass.; G. 0. Shaad, 
Lawrence, Kans. Diredore^A. B. 
Cooper, Toronto, Out.; J. E. Hearns, 
Chicago, m.; J. Allen Johnson, Buffalo, 
N.Y.; A. B. Knowlton, New York, 
N. Y.; A. M. MacCuteheon, Oleve^id, 
Ohio; 0, B. Stephens, New York, N. Y. 
Nation^ treasurer—-W. I. Slichter, New 


York, N. Y. National secretary —^P. L. 
Hutchinson, New York, N. Y. 

The minutes of the directors’ meeting 
of Jime 24,1931, were approved. 

Approval was given to a report of a 
meeting of the board of examiners held 
July 29,1931; and upon the recommenda¬ 
tion of that board, the following actions 
were taken upon applications pending: 
18 Students wbre enrolled; 51 Associates 
were elected; seven Members were 
elected; 23 applicants were transferred 
to the grade of Member and two to the 
grade of Fellow. 

Approval for payment by the finance 
committee of monthly bills amounting 
to 138,414.61 was ratified. 

Authorization was given for the exten¬ 
sion of territory of the Los Angeles and 
the San Francisco Sections in order to 
include the entire state of Califomia be¬ 
tween the two Sections. 

The president announced the appoint¬ 
ment of committees and representatives 
for the administrative year beginning 
August 1, 1931. (A list of committees 
and representatives appears elsewhere 
in this issue.) 

As required by the by-laws of the 
Edison Medal committee, the board 
confirmed appointments to the oommittee 
made by the president as follows: D. C. 
Jackson, chairman for the year beginning 
August 1; B. B. Meyer, L. T. Robinson, 
and P. H. Thomas, for terms of five 
years each; C. E. Stephens to fill vacancy 
for the year ending July 31, 1932. Also, 
the board elected from its own member¬ 
ship to serve on the committee for terms 
of two years each, J. B. Keams, W. S. 
Lee, and F. W. Peek, Jr. 

In accordanoe with the by-laws of the 
Lamme Medal committee, the board 
confirmed the following appointments by 
the president: B. A. Behrend, A. M. 
Dudley, and J. C. Parker. 

Local honorary secretaries reap¬ 
pointed for the two-year term beginning 
August 1, 1931, were: M. A. Chatelain, 
Russia; A. F. Enstrom, Sweden; A. P. M. 
Fleming, England; T. J. Fleming, Argen¬ 
tina; Renzo Norsa, Italy; P. H. Powell, 
New Zealand; F. M. Servos, Brazil. 

Upon the recommendation of the 
standards committee, various subjects 
were referred for consideration to the 
electrical standards oommittee of the 
American Standards Association, and 
approvid was given for publication as a 
report of the committee on electrioal 
machinery for further study by those 
interested, of a proposed test code for. 
transformers prepared by the electrical 
machinery oommittee. 

. Progress report No. 7 of the joint oom¬ 
mittee on welded rail joints, submitted 
by D. D. Ewing, A. I. B. B. representa¬ 
tive on the committee, was received and 
ordered filed in the Engineering Societies 
Library. 
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Jn ttiis group in attendance at the Institute’s 22nd annual convention held 
at ^eviUe, N. C., June 19-23,1905, were five some-time presidents of the Institute: 
T. Conmerford Martin, 1887-8; Charles P. Steinmetz, 1901-2; John W. Lieb 190«- 
Samuel Sheldon, 1906-7; and C. O. Mailloux, 1913-14. Of all these, Doctor Mailloux 
IS the only one now living. 


The board voted to hold its next meet¬ 
ing in Kansas City, Mo., during the 
District meeting to be held in that city, 
October 22-24. 

Other matters were discussed, reference 
to which may be found in this and future 
^issues of Electrical Bngineemkq. 

Faraday Centennial 
to be Held in London 

TTo COMMEMORATE the one hun- 
dredth anniversary of the discovery 
of electromagnetic induction in 1831 by 
Michael Faraday, who, blacksmith’s 
son though he was, has come to be known 
as the **creator of the age of electrical 
power,” the Royal Institution and the 
Institution of Electrical Engineers of 
London, in cooperation with other 
British scientldo societies, are arranging a 
centenary celebration to be held Septem¬ 
ber 21-23, 1931. Gk^vemment and uni¬ 
versity bodies as well as other scientific 
interests also have joined hands in offering 
their cooperation and assistance to make 
the celebration worthy of the occasion. 

The following tentative program has 
, been announced by the institutions 
sponsoring the celebration: 

Mend y, September 21 

Altemoon 

Beceptlon of delegates from repro* 
seutatlve instigations throughont the' 
worid in the lecture theater of the 
Boyallnstitation. 

Eventnd 

Faraday commemorative meeting at 
Queen's HaU during which addresses 
will be given on Faraday's work. 

Tuesday, September 22 

M mind 

Summer meeting of the Institution 
of Electrical Engineers begins with 
Joint conference of the Institution and 
allied associations. 

Afternoon 

Visits and social fUnctloDs. 

Evening 

Boyal Institution r Oonversazione 
at the House of Institution. 

Institution of Electrical Engineers: 
Oonversazione and Faraday exhibition 
at tto Albert Hall. 

W eduesday, September 23 

Momlttd 

Opening of the Faraday 
to the public. I. B. E. summw meeting 
and conference continued. 

Evonind 

Opening meeting of the British 
Aasosoclatton at the. Central HaU. 
Westminster. 
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Honoring Faraday and his work, the 
program on Monday evening will include 
tributes by the British Prim© Minister, 
the Rt. Hon. J. Ramsay MacDonald, 
the Due de Broglie, Senator Marconi, 
Prof. Eiihu Thomson, Prof. P. Zeeman, 
and other distinguished representatives 
of leading institutions throughout the 
world. The most outstanding feature of 
Monday night’s program, however, will 
be the commemoration address by Sir 
William Bragg, who is one of Faraday’s 
successors as head of the Royal Institu¬ 
tion in London where the majorily of 
the great scientist’s experiments were 
carried out. 

The entire commemorative meeting of 
Monday evening will be broadcast in 
England by the British Broadcasting 
Ck)rp., while in the United States the 
National Broadcasting Company will 
rebroadcast a portion of the program 
between 4:00 and 5:00 p. m. eastern day¬ 
light saving time. 

The exhibition to be opened on Wed¬ 
nesday has been arranged principally 
by the Institution of Electrical Engi¬ 
neers, and will be open to the public for 
a period of about ten days. The central 
feature of this exhibition will be repro¬ 
ductions and illustrations of Faraday’s 
actual exiieriments, prepared by the 
Royal Institution, together with a dis¬ 
play of some of bis historic apparatus. 
Faraday’s chemical and electrochemical 
work, which while not so well known as 
bw discovery of eleotromagnetie induc¬ 
tion nevertheless is hardly less remark¬ 
able, will be illustrated by means of 


special exhibits arranged by other co¬ 
operating societies. 

Upon invitation of both the Royal 
Institution and the Institution of Elec¬ 
trical Engineers, the A.LB.B. has 
appointed Dr. Wm. McClellan (P’12 and 
past-president) as its delegate to the 
celebration, and Dr. A. E. Kennelly 
(F’13 and past-president) as alternate. 

Preceding the Wednesday morning 
opening of the Faraday exlubition, Gen¬ 
eral Smuts, recently elected head of the 
British Association for the Advancement 
of Science, will deliver an address. On 
behalf of the other American societies 
who were invited to participate. Dr. F. B. 
Jewett (F’12 and pasti-president) then is 
scheduled to deliver brief felicitations by 
radiotelephone. - , '* 

Faraday’s Diary to be Published 

Among the other many interesting 
features of the celebration comes t he 
announcement of the publication of 
Faraday’s diary, two volumes or more of 
which are existed to be ready by the time 
the ^celebration takes place. Faraday 
maintamed a careful diiuy of all of his* 
experimental work and this has been 
bequeathed to .the Royal Institution and 
for over 60 years has been that organi¬ 
zation’s treasured possession. Although 
Faraday made extensive use of his notes 
in the preparation of his pubhshectworks, 
the diary itself never has been published. 
As a permanent memento of the centenary 
celebration as weU as of the man himself, 
managers of the Royanlnstituti^n have 
resolved to publish it in fulK 
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Valuable Trophies Won 

in Summer Convention Sports 


ftmocg tb6 iittractive 
sporting: events offered at Asheville in 
connection with the annual summer con¬ 
vention of the Institute, June 22-26,1931, 
was the annual tournament for the 
Mershon cup. Of ohief interest in this 
connection is the fact that L. F. Doming 
(A'17) district engineer of the General 
Elecliric Company at Philadelphia, Pa., 
came into permailent possession of the 
Mershon trophy by virtue of his second 
winning of it. Mr, Doming won the 
first right to have his name engraved on 
the cup at the annual tournament held in 
connection with the summer convention 
a,t Cleveland, Ohio, in 1916. A beautiful 
silver tray also was presented to Mr. 
Doming as 1931 tournament winner by 
the Asheville convention sports com¬ 
mittee. As runneivup in the Mershon 
tournament, R. O. Bentley (M14) 
superintendent of the Public Service 
Electric & Gas Company, Newark, N. J,, 
was presented with a beautiful silver bowl. 

A silver bowl also was presented to 
S. K, Bushnell (A'22) Philadelphia sales 
manager for the Aluminum Company of 
America, for achieving low gross of 77 
(par 71) in the qualifying round, A. H. 
Sweetnam (M*18) superintendent of the 
electrical engineering department of the 
Edison Electric Illuminating Company, 
Boston, also won a silver bowl for his low 
net of 60 (80-20) in the qualifying round. 

In connection with the f econd round of 


the Mershon Cup event, a silver bowl 
was won by E. W. Dillard (A10-M'3O) 
electrical engineer for the New England 
Power Association, Boston, for his happy 
choice of 76 as a Moker*s handicap (100- 
24). Tied with Mr. Dillard so far as net 
scores in this event were concerned, were 
R. A. Monroe (A*30) hydraulic engineer 
for the Aluminum Company of America, 
Pittsbuigh, and G. A. Kositzky (M'22- 
F’29) chief engineer of the Ohio Bell 
Telephone Company, Cleveland. The 
prize was awarded by lot to Mr, Dillard, 

For medal play handicap, two silver 
bowls were awarded, one to H. C. Don 
Carlos (F’18) chief operating engineer for 
the Hydro-Eleotaic Power Commission 
of Ontario, Toronto, for his low gross of 
82; and one to R. A. Monroe for his low 
net of 69 (84-15), 

In the ladies* putting contest held on 
the 18-hole lawn course of the Grove 
Park Inn at Asheville, Mrs. W. K, 
Vanderpoel of South Orange, N. J., won 
first place and received a pair of silver 
bowls. As runner-up, Mrs. A. E. Bettis 
of Elansas City, Mo,, won a silver plate. 

In men*8 singles at tennis, J. K, Peck 
(A*27) assistant engineer for the National 
Electric Light Association, New York, 
came out best man receiving a silver bowl 
as his prize. As runner-up, E, F. Lopez 
(A*16-M*18) manager of the National 
Import Company, Mexico City, won a set 
of six silver ash trays. 



Winners ol 
Mershon Trophy 


A. M. Schoen 1912 

J. CMock 1914 

E.W. Allen 1915 

L F. Deming’*' 1916 

A. A. Brown 1919 

M. G. Kennedy 1920 

Howard Maxwell 1921 

Philip H. Chase 1922 

G. L Knight 1923 

R. O. Bentley 1924 

C. E. Stephens 1925 

H. C. Don Carlos 1926 

A. H. Sweetnam 1927 

W, C, Heston 1928 

W.S.Lee 1929 

Wills Maclachlan 1930 

L F. Deming* 1931 


♦Permanent possession ssined 
by virtue of second winning. 


Illumination Engineers 
Meet in October 

The twenty-fifth annual convention of 
the llluiuinatmg Engineering Society will 
be held at the William Penn Hotel, 
Pittsbuigh, Oct. 12-16. Indications are 
that this convention will attract wide 
attention, several unusual additions 
having been made to the technical 
program, according to official announce¬ 
ment. There will be also a special pro¬ 
gram commemorating the society’s silver 
anniversary. 

Recognizing the present day import¬ 
ance of safety in night flying, the society 
has given over an entire session to the 
discussion of aviation lighting. Central- 
station lighting also will be given an 
important place on the program. 

A. W. Robertson (A*27) chairman of 
the board of the Westinghouse Electric & 
Manufacturing Company, East Pitts¬ 
burgh, is chairman of the general conven¬ 
tion committee, and J, A. Hoeveler of 
the Pittsburgh Reflector Company is 
chairman of the convention executive 
committee; P. H. Powers (M*30) vice- 
president of the West Penn Power 
Company and Joseph McKinley, vice- 
president of the Duquesne Light 
Company are serving as vice-chairmen. 
The committees in charge invite early 
registration by all who expect to attend. 


Polish Engineering 
Secretary Visits U. S. 

Joseph Podoski, secretary-general of 
the Polish Association of Electrical 
Engineers, spent the first two weeks of 
August touring the eastern portion of 
the United States in the interests of 
his organization. Mr. Podoski spent 
appreciable time acquainting himself 
with the policies and operating procedure 
of the American Institute of Electri<»d 
Engine^ and the American Standards 
Association; he was interested also in 
electric power problems and railway 
electrification, spending several days 
visiting manufacturing plants and op¬ 
erating properties in an effort to gain 
a first-hand impression of American 
technique. 

Mr. Podoski is one of the first Polish 
engineers to visit the United States 
under the reciprocal visiting member¬ 
ship privileges provided by action of the 
board of directors several years ago and 
recently extended to include the Polish 
Association of Electrical Engineers. 
Under this arrangement Institute head¬ 
quarters in New York receives and 
forwa^ mail, upon presentation of 
proper credentials provides letters of 
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"A. Century of Progrcss^^ Electrical Croup 


Ph t electric Cell 
Controls Street Lishts 



^JrOUND was broken Monday, July 20, 1931, for the Eleotrieal Group, Mth 
building: of Chicago’s 1933 World Pair. The building was designed by Raymond 
Hood of New York, is 1,200 by 300 ft. in plan, two stories high, and of striking modern¬ 
istic design emplo 3 ring a combination steel and special wa^board exterior; white, 
yellow, red, black, and blue are to be dominant colors. This structure will be em¬ 
bellished with hanging gardens and paved terraces, and will provide generous areas 
for the exhibition of generation, distribution, utilization, and communication equip¬ 
ment. 


In Albany, N. T., nine street lighting 
cirouits are turned on automatically os 
soon as a certain predetermined degree of 
darkneas occurs, regardless of the hour of 
the day. The photoelectric device which 
provides this automatio control is 
mounted on the roof of the Albany service 
building of the New York Power and 
Light Corporation, and is one of the first 
such control units to be placed in com¬ 
mercial service. As long as the pre¬ 
determined degree of ^darkness prevails 
the device keeps the ‘ street lights in 
service, cutting them off upon the advent 
of .sufficient daylight. 

According to the General Eleotric 
Company ’’ultimately all the street- 
lighting cirouits in the city will be 
operated by similar equipment ... ** 

It is claimed that the phoioeleetric- 
tube device is more flexible and positive 
in operation than are time awitches or 
manual operation. For example, during 
the 97 per cent total eclipse of the sun 
expected in 1932 Albany street lights 
probably may be expected to turn on 
automatically, as they also may upon 


introduction, affords a convenient meet¬ 
ing place for appointments, and places 
at the disposal of foreign engineers the 
resources of the Engineering Societies 
Library. Normally, these privileges 
are available for a period of three months, 
but are subject to extension for cause. 
Under the recently established arrange¬ 
ment members of the A. I. E« E. visiting 
Poland will receive full privileges from 
the Polish organization providing formal 
application is made through Institute 
headquarters in New York. 


A. C. Langmuir Prize in 
Chemical Research Awarded 

Dr. Limis Pauling, who at thirty has 
published nearly fifty papers in the field 
of pure science, and has won a full 
professorship in the California Institute 
of Technology, has been chosen as the 
first winner of the A. C. Langmuir prize 
of the American Chemical Society. The 
woii of Pauling who will receive the 
awaM at the eighty-second meeting of the 
Society at Buffalo, September 2, has had 
to do with crystal structure, the quantum 
theory of the dielectric constant of gases, 
atomic and molecular structure, 
determination of the nature of chemioal 
bonds. 

The Langmuir Prize, awarded for the 
first toe this year, is bestowed “in 
recognition of the accomplishment, in 
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America, of outstanding chemical re¬ 
search by a young man or woman prefer¬ 
ably working in a ooDego or university.” 
It emphasizes, aoeordiug to the an¬ 
nouncement, the debt industry owes to 
pure soience. “Outstanding chemical re¬ 
search for the purposes of the award,” it 
stipulates, “is that which is of unusual 
merit for an individual on the threshold 
of his career in chemistry.” 

Dr. A, C. Langmuir, brother of Dr. 
Irving Langmuir, noted scientist of the 
General Eleetrio Company, is an indus¬ 
trial chemist, teacher, and author, whose 
principal researches have dealt with 
shellac and glycerine. He first became 
interested in ohemistry while a student 
at Irving Institute, Taurytown-on- 
Hudson, setting up a small laboratory 
in his home. His eiqperiments attracted 
the curiosity of his younger brother, who, 
with this as a starting point, has won 
worldwide fame in electrical research. 


Secret Ray light AppUes Train 
Brakes.—An automatio stop system for 
tra^, invented by Major Raymond 
Philhps of England, enables a person on 
the ground to apply the brakes and stop 
the train. All the person on the groimd 
needs is a hand lamp that works a secret 
ray. When this light is thrown on an 
oncoming engine the ray works a special 
form of light-cell switch which applies 
the engine’s vacuum bwdces .—Tdegraph 
<fe TdepHoTie Age, July 16,19$1. 


very dark and stormy days. Further, 
seasonal changes will be taken caro of 
automatically. 


Arthiu* Wright, noted English consult¬ 
ing engineer and a pioneer in meter 
engineering, died in Inland, July 28, 
1931, at the age of 73. A native of 
London, the first plan for Him was to 
enter the medical profession; but ho 
deviated from this course to take up 
electrical engineering, and ci.8 the first 
eleotrieal engineer for the Brig^hton Town 
Council, installed the Portslade generat¬ 
ing station. He was well-known in this 
country, visiting twice each year to 
instruct the employes of the Edison 
Eleetrio Illuminating Company, 'Boston, 
in the latest derelopments of European 
engineering. As representative of the 
Uidted States National Committee of the 
International Eleetroteohnioal Conunis- 
sion, he attended the London meeting 
(1929) and the Stockholm meeting (1930) 
of Advisory Committee No. 2. Until 
six months ago, when his health failed, ho 
was a member of the Institute which he 
joined in 1906 as an Associate. * 


Homer Eldredge Niesz, manager of 
^industrial relations and vice-president of 
[Me Commonwealth Edisom Company, 
l .lphioago, president of the National 
‘^ Safety Coundl and a member of its 
executive committee, died Augnist 7,1931 
_^‘,peritoniti8: HcTwas 63 yr. of age. 

Electrical Enqiheebing 







Airplanes Carry 
South American Freisht 

A fleet of tluree G-31 Junkers planes of 
the Guinea Airways is reported as having 
been chartered primarily by the Bulolo 
Gold Dredging, Ltd., for hauling heavy 
flaming equipment and supplies from the 
coast to their relatively inaccessible gold 
mines, and to carry back for export the 
precious metal itself. Each plane uses 
three 450-hp. air-cooled Bristol-Jupiter 
engines, giving a full-load speed of 116 
mi.*p6r hr. On a trial flight one of these 
planes carrying a.3.5-ton load of freight 
plus a crew of three and fuel sufficient for 
flight ,of hr., climbed 7,500 ft. in 
11 min. With one side engine cut out, 
the loaded freighter in 2 min. gained 
nearly 500 ft. of elevation. 

Bucket dredges equipped with eighteen 
Westinghouse motors ranging in size up 
to 200 hp. each, switching equipment, 
and 200^rw. transformers are typical of 
equipment that has been flown the 32 mi. 
inland to the British New Guinea gold 
flelds. Much shorter than the former 
f, circuitous water route, the air line hurdles 
mountains more than 2 mi. high. 


J^Umerican 

Engineeringr Cjoimcil 


Oil Pollution of Water 
Rep lied on Decline 

Pollution by oil of coastal and inland 
waters in the United States is declining, it 
is indicated in a recent report of the 
American Engineering Council's joint 
committee on oil pollution. 

Legislation to extend federal jurisdic¬ 
tion over waters which are under state 
control is opposed by the oommittee, of 
which Robert S. Weston of Boston, repre¬ 
senting the American Society of Civil 
Engineers, is chairman. 

**In reviewing the general problem of 
pollution by oil,’* the report declares, 
*'the committee quite frequently has been 
confronted with the fact that one of the 
principal offenders in this connection is 
the United States Navy, which it is 
reported discharges oil from oil-burning 
warships without much regard for state 
or federal rules.” 

Replies to a questionnaire sent to 
sanitary engineers in 44 states show that 
pollution is believed to be decreasing in 
25 states, and inerting in eleven. In 
dx states the question was regarded with 
doubt. Of greater^ importance to the 
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committee, however, is tb fact that in 
26 states the present state machinery was 
thought to be adequate to control the 
situation. In only twelve states was it 
felt that this machinery was inadequate. 

House and Senate bills to enlarge 
federal authority are characterized by the 
oommittee as ”most undesirable.” These 
measures make it unlawful for any person 
to discharge oil by any means into or upon 
navigable waters, or upon any of the 
Great Lakes, their harbors or their con¬ 
necting channels. Penalties are provided 
for violation of the law, the administra¬ 
tion of which would be placed in the War 
Department. 

Other members of the American Engi¬ 
neering Council’s oil pollution committee, 
which was organized by G. T. Seabury of 
New York, secretary of the American 
Society of Civil Engineers, are: Abel 
Wolman, Baltimore, chief engineer of the 
Maryland State Department of Health, 
representing the American Society of 
Civil Engineers, secretary ;^W, H. Gartley, 
vice-president of the Philadelphia Gas 
Works Company, and W. C. Morris, New 
York, vice-president of the Consolidated 
Gas Company, the American Society of 
Mechanicd Engineers; C. V. Weston, 
consulting engineer of the Chicago Surface 
Lines, and J. William Wetter, manager of 
Madeira Hill and Company, Philipsburg, 
Pa., the American Institute of Mining 
and Metallurgioal Engineers; Dr. H. C. 
Parmelee, New York, editor of Engineer-' 
ing NewS’-Recordt and A. E. Marshall, 
Corning (N. Y.) Glass Company, Ameri¬ 
can Institute of Chemical Engineers. 



H. L. Dohbrtt (F’13) according to 
recent disclosure through the columns of 
the society weekly, Cleveland Tovm Tid¬ 
ings (July 18, 1931) was the one who 
made financially possible the first flood¬ 
lighting of the Statue of Liberty. George 
Williams, well remembered figure at 
Nela Park, conceived the plan and pro¬ 
posed it to the New York World which 
promptly approached Mr. Doherty, then 
associated with Mr. Williams, to under¬ 
write the undertaking and promise to 
make good any deficit which might exist 
after all contributions were in. The 
World itself headed the list with 11,000 
and 80,000 persons subscribed to the 
cause; no^ however, until Mr, Doherty’s 
promise of financial support had been 
obtained. The amount for which he 
ultiinately gave his own check amounted 
to several thousand dollars. His part in 
the plan waa pledged to obscurity, and 


neither his nor Mr. Williams’s names were* 
to appear in any publicity of the scheme. 
Since 1916 the true facts have remained 
a secret. Mr. Doherty’s advance in the 
world of finances presents an interesting 
history. A news boy in the dty of 
Columbus, Ohio, at the age of ten, he 
deserted that source of revenue two years 
later to become an office boy. By the 
time he was twenty he was manager of a 
public utility, and at thirty-five was a 
recognized leader in utility engineering 
and finance. 


C. L. Dawjbs (M*15} has been advanced 
from the rank of assistant professor of 
electrical engineering to associate pro¬ 
fessor at Harvard University. Mr. Dawes 
has done much valuable research work 
in the insulation field, contributing con¬ 
siderable to technical Uterature in series 
of articles ^Ionization Studies in Paper- 
Insulated Cables” and others. He has 
held office on the N. E. L. A. cable re¬ 
search committee and the A. I. E. E. 
committee on dielectrios and subcom¬ 
mittee on definitions and terminology; ' 
is student counsellor and was a member 
of the A, I. E. E. committee on student 
Branches. He is a member of the 
National Research Council. 


T. R. Lanoan (M’30) who has been 
assiltant manager of the northeastern 
district of the Westinghouse Electric & 
Manufacturing Company, now has been 
appointed manager, with headquarters in 
New York City. Before going to New 
York, Mr. Langan served his company in 
Philadelphia, Baltimore, Buffalo and as 
manager of the Syracuse office. He has 
been active also on engineering com¬ 
mittees of the A. E. R. A., was president 
of its Metropolitan Section in 1928 and 
for the past three years has been bxisy as 
a member of the subject oommittee of 
the New York Railroad Club. 


W. P. Jambs (M*20) formerly the 
Middle Atlantic district manager of the 
Westinghouse Electric & Manufacturing 
Company, has been appointed assistant 
to the commercial vice-president of the 
Atlantic Division qf that company. He 
has been a member of the Westinghouse 
organization since 1909. Mr. James is a 
past-president of the Electrical Associa¬ 
tion of Philadelphia and of the Engineers 
Club of Philadelphia, a member of the 
industrial relations commit^ of the 
Philadelphia Chamber of Commer<^, and 
a member and past regional vice-president 
of the A. I. B. E. 





• R. J. Wbnslby (A*28) creator of the 
televox^ first of popular mechanical 
robots, has been transferred from the 
East Pittsburgh engineering department 
of the Westinghouse Electric & Manu¬ 
facturing Company to the company's 
meter department at its Newark works. 
Mr. Wensley has done notable work in 
connection with switchboard and auto¬ 
matic switch design and is a recognized 
authority in the field of intricate elec¬ 
trical control equipment. During 1929 
he served on the A. I. E. E. subcommittee 
on automatic substations. 


G. I. Wbioht (M*28) in charge of 
electrification for the Reading Company 
(Philadelphia) since 1927, on May 16, 
1931 was made its chief electrical engineer 
in charge of all electrical and signal 
engineering* Mr. Wright, who at one 
time was assistant electrical engineer of 
the Illinois Central Railroad Company, 
continues as a member of the A. I. B. E. 
transportation committee. His new ap¬ 
pointment is largely in recognition of the 
capacity he has shown in the work. 


D. C. Jackson, professor of electrical 
engineering at Massachusetts Institute 
of Technology recently received the 
annual Lamme Medal award of the 
Society for the Promotion of Engineering 
Education, presentation being made at 
the annual convention at Purdue Uni¬ 
versity, Lafayette, June 17, 1931. This 
award is made *‘for accomplishment in 
techmcal teaching or actual advancement 
of the art of technical training.” 


T. C. McPabland (A'22) who for the 
past year has been doing special work in 
engineering at the Bell Telephone Labora¬ 
tories, Inc., New York, now has returned 
to Berkeley, Calif., to resume his duties 
as associate professor of electrical engi¬ 
neering at the University of California. 


R. G. Mbybrano (A'28) who has been 
serving the Stone & Webster Engineering 
Company (Boston) as assistant to the 
chief electrical engineer, has been ap¬ 
pointed sales engineer of the Rookbestos 
Products Corporation, New Haven, for 
its New England territory. 


W. S. Richhart (M'13) manager of 
the light and power department of the 
Indiana Service Corporation, Port Wa 3 nie, 
Ind., one of the InsuU properties, now has 
assumed charge of the distribution service 
of all InsuU properties included in the 
Midland United Company. 


W. M. Hebbruoe (A’25) formerly 
with the engineering department of the 
Ohio Power Company, Canton, Ohio, 
now has the position of chief electrical 
inspector for the American Electric Switch 
Corporation, Minerva, Ohio, stiU retain¬ 
ing residence in Canton. 


K B. Thornton (M'13) who for a 
number of years, has been serving the 
Canadian Electric Railway Association 
at a recent meeting in Ottawa was 
elected president, the highest honor that 
can be conferred upon an electric railway 
operator in Canada. 


ciated with the Allis-Clialmers Mfg. 
Company in Milwaukee, Wis., as oiigiiirn'r 
in charge of rectifiers and railway equip¬ 
ment. 


L. B. Andrus (P’19) proaidunt of the 
Indiana Electric Corporation, aud a Lifo 
Member of the Institute, has been cIiohcu 
by the National Electric LigJit Assoei^i- 
tion to assume the presidency of its 
Great Lakes Division for 1931-1932. 


W. E. GuTzwiLLBri (A'30) until re¬ 
cently electrical engineer for the Ainorieaii 
Brown Boveri Co., Inc., Canidon, N. J., 
has moved to Milwaukee, Wis., to take a 
position in the rectifier depat^lTiiont. of the 
Allis-Chalmers Mfg. Company. 


A. S. Brown (A*30) instructor in I ho 
electrical engineering departimont of tlio 
University of Kansas, PayettoviJlc, Ark., 
until September 1 then beoaino graduate 
research assistant, Kansas A. & M,* 
CoUege, Manhattan, Kansa-s. 


E. H. Morris (A’23) for tunny j'^oars 
chief engineer of the Board of Rtiilnmd 
Commissioners, State of North Dakota, 
recently was appointed chiof engineer of 
^blio Service Commission of West 
Virginia, Charleston. 


G. T. Harness, Jr. (A'30) will w?rvo 
in ^0 capacity of assistant in E. E, at 
California Institute of Technology, Pasa¬ 
dena, on leave of absence from the Colloge 
of the Pacific to work for Iiis Ph. D. 
degree. 


H. E. M. Kensit (M'08) after nearly 
twenty years in the Dominion Civil 
Serviw, retired August 1,1931, to engage 
in private practise. His investigations 
and construction work in the United 
States and Canada included a detailed 
investigation of The South Saskatchewan 
Water Supply Division Project, involving 
comparative costs from aU available 
power sources; water, steam, gas, and oil. 


B. W. Loomis (A'19) who a few years 
W was advanced from manager of the 
^ai^ mining section of Westinghouse 
& Mfg. Company to manager of 
™ company’s northeastern industrial 
m^on, now has become Middle Atlantic 
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W. S. Gipfobd (A16) president of the 
American Telephone & Telegraph Com¬ 
pany, New York, N. Y., was elected a 
member of the American Philosophical 
Society at its recent annual meeting held 
at the University of Pennsylvania. 
Philadelphia, Pa. 


A. B. Day (M*16) president and 
general manager of the Los Angeles G&b 
& Electric Corporation recently was 
elected president (1931-1932) of the 
Pacific Coast Electrical Association, in 
which he has been actively interested for 
several years. 


0. K. Marti (M’27) formerly chief 
^gmeer of the American Brown Boveri 
Co., Ind,, Camden, N. J., is now asso- 


T, A. Pa WELL (M’^J) foixuorly con¬ 
nected with the San Pranoisoo oiftce of 
the Marwood Company of California, 
Ltd., ha« been appointed manager of the 
Los Angelo's office of that company. 


R. C. Marshall, Jr. (M*19) who has 
been serving the Sumner Sollitt Co., 
Chi^o, HI., as president, is now -wce^ 
president in charge of the B-W Con¬ 
struction Company, also of Chicago. 


R. D. Bean (A’21) who was manager 
of engineering development for the 
Brown Instrument Comply, Philadel¬ 
phia, is now/* chief engineer of that 
company. . ^ ^ 

€ 
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President C. £. Skinner is ths ap« 
pointed representative of the American 
Standards Association on the council of 
the International Standards Association. 


OLilufikry 


* W^IAM E. Richards (A’14-P’26) 
superintendenta of electrical distribution 
for The Toledo Ddison Company, Toledo^ 
OhiO| died suddenly in his office August 
12, 1931. He was bom at Wa 3 mesburg, 
Ohio, October 20, 1^. In the early 
eighties he installed and operated an 
electric light plant for the Thompson- 
Houston Company at Newton, Iowa, and 
in 1891 returned to Ohio in responsible 
charge of electrical and mechanical oi>era- 
tions for the Consolidated Street Kailway 
Company, the various organizations of 
which occupied him until his death. 
M^y of the advances of the Toledo 
Hdisoii system were pioneered by him; 
he also planned and installed the flood- 
lightog system in the Statue of Liberty, 
receiving therefore a gold medal from the 
City of New York. 

Besides his membership in the Insti¬ 
tute, Mr. Richards was a member and 
an active worker in the Toledo Chamber 
of Commerce, The Bdison Association, 
the National Electric Idglit Association, 
the IDuminating Engineering Society, 
the Ohio Good Roads. Federation, and 
several other local organizations, pro¬ 
fessional and social. He was at one time 
chairman of the Institute’s Toledo Sec¬ 
tion. Endorsing his transfer to the 
grade of Fellow of the Institute, J. B. 
Taylor (F’14) consulting engineer, Gen¬ 
eral Electric Company, stated in 1925 
that *‘Mr. Richards has met and solved 
many special problems in the distribution 
of power, both d-c. and a^., at low and 
high voltage. Resourcefulness and in¬ 
genuity exercised over a long term of 
years gives him a unique position in the 
central station field.” 


^Adva C. Dinket (A*97) former presi¬ 
dent of the Midvale and Carnegie steel 
companies, and a pioneer in the steel 
industry in Pennsylvania, died at his 
home August 10, 1931, after a three- 
months’ illness. He was sixty-five years 
old, and a well-known figure in the great 
steel activities of the country, having 
been engaged in the steel industry since 
beginning work in the Edgar Thomson 


Steel Works at the age of thirteen. He 
became president of the Midvale Steel 
and Ordnance Company, later the Mid¬ 
vale Steel Company, in 1915, His 
interest was largely in the electrical end 
of the steel industry, and throughout his 
life he was a close friend of Charles M. 
Schwab. Mr. Dinkey was a member of 
The American Society of Mechanical 
Engineers, the Society of Naval Archi¬ 
tects and Marine Engineers, the Engineer¬ 
ing Society of Western Pennsylvania, the 
Engineers Club of Philadelphia, the 
American Association for the Advance¬ 
ment of Science, and the Academy of 
Natural Sciences. He also held member¬ 
ship in the Racquet, Manufacturers, 
Sunnybrook, Five O’Clock (Philadelphia) 
Duquesne (Pittsburgh) clubs and the 
Indian House and Pennsylvania Society 
of New York. 


the Engineers Club (New York and 
Philadelphia), the Philadelphia Orient 
Club, the Old Colony Club, and the 
Military Order of the Loyal Legion. 


Lewis Judson Wells (A’24) sales 
engineer for the Diamond Electrical 
Manufacturing Company, Los Angeles, 
Calif., was killed in an airplane accident 
July 16, 1931. He had been with this 
company and its affiliated organizations 
since graduating from the California 
Institute of Technology in 1922. An 
interest in the art of flying led to 
spend most of his leisure hours in the air. 


Georqe Gault Crbe (A’22-M’30) of 
the central station engineering depart¬ 
ment General Electric Compai^, Sche¬ 
nectady, was drowned in Lake Ontario 
July 20, 1931. He was attending camp 
and had gone for a sail with a number of 
the company’s officials, when a violent 
squall capsized the boat, Mr. Cree, who 
was not a strong swimmer, sank and 
exhaustive effort failed to reach him. 
Bom in Scotland in 1888, he was educated 
in English and Scotch schools, and 
entered the General Electric Test course 
at Schenectady in 1919. After a number 
of years abroad he entered the central 
station engineering department where 
his experience and personality won the 
oonfidefioe of the utilities with which his 
work brought him in contact. He was a 
member of the N. E. L. A. apparatus 
committee, and of late had become 
prominent in local Boy Scout movements. 


Bruce Ford (A’ll) until recently 
general manager of the Electric Storage 
Battery Company, Philadelphia, of which 
he also was vice-president, died at his 
home near Philadelphia, August 10,1931, 
after a brief illness. He was bom in 
Brooklyn, N. Y. in 1873, and had been 
in the organization of the Electric Storage 
Battery Company since 1890, except for 
a few years in the early part of his career. 
More than fifty patents on inventions 
relating to storage batteries are registered 
in his name. Mr. Ford was a director 
of the Chloride Electrical Storage Com¬ 
pany, Ltd., Manchester, England, and a 
member of the American Society of 
Mechanical Engineers, Franklin Institute, 
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A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

Bvmob, Lbwis I., Bocky Hill, Oonn. 

OziABs, Bbbitabd, 79 lenness St., East Spring- 
field, Mass. 

OoLB, Will G., Box 222, Westwood, Oalif. 

OoBBiYBAx, F. M.. Oenoral Electarlc Oo., 
Schenectady, N. Y. 

Dbaoon, L. O., 6 Ailsa Ave., East Malvern, 
Melbourne, Australia. 

Fubtji, Sbubgo, SMbattra Engineering Works, 
Tokyo. Japan. 

MoLbak. Jaicbs S., 190 Old Army Road, Scars- 
dale, N. Y. 

Mblsok, Stdnbt W., Yeatton Woolwich Road, 
Abbey Wood, London S. B. 2, England. 

Mountaxb, O. E., Burma Elec. Supply Oo., 
Mandalay, Burma, India. 

Hubbb, Fbabx J., 8831 Rokeby St., Chicago, 
HI. 

O'Shba, V., Jb., 115 Broadway, New York, 
N.Y. 

Fistobzus, L. H.. 198 Jeppe St., Johannesburg, 
South AfHca. 

Pbudham, W. M,. 100 Biddle St., WiUdnsburg, 
Fa. 

SoHBOGK, JoBB E., 8720*"Main St., Lawrence 
Park, Brie, Pa. 

Sullivan, John B., 6320 Kenmore Ave., 
Chicago, HL 

Tatb, William, Apartado No. 41, Puebla, 
Mexico. 

Tunq, O. T.. c/o Stono Sc Webster Engg. Corp., 
Hopewell, Va. 
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Letters to ike EJilor 


Has Man Benefited 
by Engineering Progress? 

Apparently the first; article of The 
Engmeerii^ Eonndation’s symposiiiin, 
oonceminj^ the possible benefits accruing 
to and through mankind as a result of 
engineering progress, as published in the 
August issue of Elxctrioal Enqinbbriko 
(C. E. K. Mees, p. 642) has appealed to 
different people in different ways. Among 
the letters received by the editors are the 
following: 

To the Editor: 


There is perhaps nothing that the engineer, 
as a highly speelalized helot of business, can do 
in an Immediately practical sense, but it Is 
encouraging to see him begin to think along the 
lines of the forthcoming series of papers. He 
may learn that the proper study of mankind is 
man, and not merely transmission lines, drcoit 
breakers, and car couplings. He may be forced 
to acknowledge that, at the present stage, 
psychiatry and the social sciences are more 
important than further progress in engineering, 
and if he is somewhat bumbled in his own esti* 
mate of bimself. it may increase his usefulness 
in the long run. 

Sincerely yours, 

OARL DBBHBR (A*2d) 

(Director, Sound Dept,, R, K, O 
Studios Inc., Los Angeles) 


attending to his business in a leisurely manner, 
to live in a smaU city, to cultivate a small garden, 
but I see that he lives in Rochestw, New York, 
Assuredly, then, the attractions of a large city 
are more alluring and satisfying than living in a 
small city. 

Very truly yours, 

O. M. JANSKY (A*0d) 

(Professor of Electrical Engl* 
neering. University of Wisconsin, 
Madison) 

To the Editor: 

A few comments on the article, **Ha8 Man 
Benefited By Engineering Progress?'* by 
Doctor Mees. 

Perhaps it would be well to think of the ad¬ 
vancement of modem life as a aeries of tedious 
climbs horn one level to another with resting 
places along the way, ^ 

It is apparent that mankind has been ad¬ 
vancing rapidly and fighting feverishly to 
maintain a higher level of living for the past 
decade. Without the equipment of life suf¬ 
ficiently perfected to hold the level, so that the 
accomplishment has been made with a sacri¬ 
fice of human happiness. 

It is quite apparent that the equipment neces¬ 
sary to the security of such a level has been 
satisfactorially perfected at this time: and that 
the plane of life can now be maintained, through 
itsappUcatioii. 

The necessities of life can be abundantly 
supplied with the available equipment and with 
a very effective decrease in man hours that will 
occur when economic conditions are fully 
understood. 

There is little to fear in the form of revolution, 
though at this time, such a turn might seem 
inevitable. 

This new level of life with Its new standards of 
living was arrived at rapidly and we do not yet 
know how to curtail its productivity without 
injuring human happiness. Though we know 
man hours must be decreased materially. 

The solution slowly evolves as Engineering 
applies the Science of Economics. 

Yours very truly, 

ORRIN S, VOGEL (A*2t)) 

■ (Electrical Engineer, Georgia 
Power Company, Atlanta) 

To the EdUor: 

Dr. Mees, in the August issue of Elbotbioaii 
Bvoznbbriko, takes a very pessimistic view 
of engineering's contribution to human progress, 
and 1 should like to present a point of view that 
will lend a little more rosy tint to the acoom- 
pUsbments of science and its bA.nriTnii.WflTi ^ 
engineering. We all realize that points of view 
are many and are usually taken by choice 
aooording to the temperament of the chooser. 
It must be confessed that between two views 
equally rational and consistent with 1^'facts 
of history I should choose the more optimistic. 

The yardstick by which I should measure 
the progress of the world is conscioueness. Of 
course there are many definitions of the term 
and much will depend upon which definition is 
chosen. The sense in which I wish to use it, is 
the very broad one which includes both In^- 
lectual and emotional knowledge. For a 
further interpretation of this concept we might 
give as one reference the books of Prof. Warner 
Fite. To increase conscioasness seems fully 
as fundamental an aim or purpose of 
as any mentioned by Dr. Mees, even In its 
narrowest sense. 

life from the very beghming can be inter¬ 
preted and explained in terms of such a measure 
very remarkably. The discoveries of speech 
and writing are the very foundations of the 
human race as we know it, and it is reasonable 
to suppose that progress in the future will be 
the result of other such remarkable discoveries. 
A return to the state of the contented cow can 
be justified on many grounds, but not on the 
ground of Increasthg consciousness. Is it not 
proper to value the for&s that luure made us 

E^jBcnacAL Engi^sbring 


Doctor Mees's article, '*Ha8 Man Benefited 
By Engineertiig Progress?** in the August issue, 
is a r^lresbing contrast to the average engineer's 
hhnd woidiip of mechanical prt^ess. It la as 
pleasant as ft is unusual to find an eminent 
tec fan i d an free from the common error of Identi- 
frdng industrial with human progress. 

If in accordance with Doctor Mees's definl- 
tion, ei^^ineering is t^en as Amhwtdng all of 
applied science, its development, particularly 
In the field of medicine, has cerhrinly heen of 
notable benefit to manMod. The gain is 
however, in comparison with the benefits which 
would result if progress in the suhiective ele¬ 
ments of civilization kept imoe with technologi¬ 
cal advancement. That it has not done so Is 
of course a truism. Moreover, the Inability of 
men to cast off superstition In their emotional 
and aodal life as fast as they discard it in dealing 
with the mechanics of existence is fraught with 
the gravest menace. Machinery merely ampli¬ 
fies the capacity for evil of the stupid «nd 
sadistic herd and its leaders, ''Against stu¬ 
pidity," said Bcbiner, "the gods themselves 
fight in vain.** Give to stupidity or fnxMfity 
modem machine guns and automobiles, 
the gods mi^t as well retire from the confilct 
altogether. It looks at times as If they have 
already done so. 

For all this the engineers are as much to 
blame as educators, priests and magistrates. 
The very success of the engineering profession 
places on It some measure of responsibility for 
the misuse of its Implements. The engineer is 
both too proud and too humble. He is too 
proud, because, unlike Doctor Mees, he seldom 
apprehends the narrowness of his contribution. 
Because of tb feeling of poww he derives from 
it personally, he comes to regard it as an end 
In itself. He Is too humble, because he will not 
even raise his voice in protest against the per- 
versioo of his creations. He is like a designer of 
firearms who having created a particularly 
neat and iKnrerftil engine of destaruction, puts 
it into the hands cd a chimpanzee and goes on 
his way rejoicing. 

The stability of society is nt least as important 
as the stability of an electrical distribution 
system; but as long as this attitude is general, 
there is no ho]>e of curing the fundajhental evils 
of communal Ufe. On the contrary, blind indus- 
txlM prdUf^tion will merely increase our 
bazardsandtheextent of our failure. Both the 
low^ and those in power are uneasily 
coiisclous of t^e inability of urMmirtnd to adapt 
itself to the oompUcations of the Age. 

The pifriclpai burden of shame is on the success- 
fta and the competent. It matters little to the 
individual whetiier he starves because there Is 
not enou^iood in the world, or too mudh. But 
the latter condition is mndh mom diapracefal to 
society tiian thaformar. ^ 
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To the EdUor: 

You have asked for comments on the article, 
"Has Man Benefited By Engineering Progress?'* 
by Dr. O. S. Kennedy Mees. It would require a 
rather extended discussion to refute Doctor 
Mees's beliefis. It Is undoubtedly true that 
one’s judgment on the influence of engineering 
progress on human welfare will depend upon 
the definition or assumption of the meaning of 
the term benefited. It seems to me that 
Doctor Mees has given an exceptional narrow 
meaning to this term. I believe the term human 
welfare, as used in the preamble of the Consti¬ 
tution of the United States, comes nearer expres¬ 
sing living conditions that have been influenced 
by engineering progress. 

If we consider the contributions of engineering 
progress toward the fulfillment of the aims speci¬ 
fied In the preamble of the Constitution, there Is 
no donbt In my mind but what engineering 
progress has done more to promote the general 
welfare and to secure the blessings of liberty to 
ourselves and our posterity than all the philciso- 
pMes written since Aristotle. 

Doctor Mees asks the question, "will any 
student of history agree that the inhal^itants of 
an American dty are any happier on the whole 
than those of the Greek or Babylonian cities of 
the past?" The degree of happiness is incom¬ 
mensurable. If we subst^te for happiness, 
welfare, I have no hesitancy in stating emphatic¬ 
ally that the inhabitants of an American city 
have on the whole a much higher state of well 
being than the majority of the inhabitants of 
the Greek or Babylonian cities. It is useless to 
deny that the Greeks developed a high state of 
culture, but that culture was merely a crust 
superposed upon a state of sodel^ wbiCh today 
would not be tolerated even in a semi-cIvilized 
community. In so far as advancing the civiliza¬ 
tion—^tbat is, improving the social conditions 
of the masses—of its own period is concerned, 
the philosophies of Greece and Rome did no 
more than the pyramids of Egypt or the palaces 
of Peru, Hziman progress was not arrested 
because andent dvllizations fell, but the civiliza¬ 
tions fdl becaxise human progress had been 
arrested. 

Doctor Mees still has the privilege of walking 
a short distance. At the same time he can ride 
a long distance if occasion demands, and on 
the way he may acquire by sudi ezpodence an 
appreciation of life In remote regions. All of life 
and culture is not confined to a garden. The 
emotions aroused by the majesties of the Grand 
Oanyon and' of the snow-capped mountains are 
just as cultural as those aroused by a poem, a 
book on phjl 080 i>hy, or a growing radish. They 
are, however, beyond the confines of a garden 
and beyond the limits of short walk. Like¬ 
wise, Doctor Mees still has the privilege of 



and look for their contuniance m estimating 
progress? 

Let ns for a moment attempt to evaluate 
science In terms of Increasing consdoosness. 
Many of the results of science away into 
nothingness; for example, those tilings which 
create mere comfort and draw people from, 
rather than to, an actiye Ufe. The great 
achievements, not always without pain and 
discomfort to many, appear as those that have 
added to better oommimication, recording, and 
undCTSt andIng , Photography, wireless tele¬ 
phony, talking pictures, better transportation, 
Cheaper books and magazines, and, in the realm 
of pure science, tiie new understanding of the 
universe and of the need for higher dimensions. 
These are the things that are going to lead to a 
race as much higher than we, as we are higher 
than the cave man. 


It is true that engineeiing has been concerned 
almost entirely with material things, and In so 
far as it Is limited to them it Is InsufElcient: 
however, no on but an engineer will say that 
engineering is the whole of life. Owing to the 
spread of an artificial scientific attitude, reli¬ 
gious fervor and spiritual awakening may even 
have suffered temporary setbacks, but how 
much greater will they be when wa.ii turns the 
instruments he is as yet just beginning to dis¬ 
cover in the direction of things immaterial; 
immaterial yes, but more lasting and more 
powerful in human good than anything now 
imagined. 

Yours very sincerely, 

W. O. JOHNSON, JB. (A*2d) 
(Blectarical Engineer. Industrial 
Engineering Dept.. General Elec¬ 
tric Oo., Schenectady, N. Y.) 


Employmeiif IVoles 

th® E»»0i»eei4«»0 Societies Employnsent Service 


Men 

Available 

EliBOTBIOAL ENGINEER, 1930 graduate, 
2g, single. Eight months* construction experi¬ 
ence one summer with public utility, one year 
G. B. Test including six months on vacuum 
tiibes. Eastern location preferred. Inter^ted 
in any position except sal^. Available on 
short notice. 0-0591. 

ELEOTRIOAL ENGINEER, 36. married, 
18 years' experience on power plants, trans¬ 
mission lines, substations, switchboakls. tele- 
phones, mine ^ectrical equipment, motors, 
lighting, marine eleotrioal work, draftsman. 
Hye years' electrical en^eer wiring for power, 
li^t, telepholies. signal systems, eleyators for 
^ types of bulldii^. Also expert plumber, 
heater and tinner. 0-9348. 

eleotrioal . ENGINEERING 
GRADtlATB, age 25. B. 8. E. E. in well- 
known engineering college. Desires work in 
any of th following or mmilar classes: indus¬ 
trial, control, research, radio, test, design, 
development or maintenance, worked throus^ 
school oy alternating years at school wttii years 
at work. Excellent references. Industrial ex¬ 
perience. Honor student. 0-0518. 

^ Wj^AGBR, SinPERINTBNDBNT, RESI- 
DENT OR OPERATING AND MiLlNTB- 
NANOE ENGINEER, technical graduate, B. 8. 
In E. B., 22 years' experience, engineering, 
construction, operation and maintenance of 
stoamt hydro and Dieml power stations, trans¬ 
mission 'wd distribution systems, as well as 
apechti process and heavy mechanical equip¬ 
ment and industrial plants. 0-9597. 

EBEOTING ENGINEER, 46, of broad 
e^rperlence in power plant oonstruction, mainto- 
nance, and operation. Exceptional ability in 
the erection and wiring of switchboards, power 
plant auxiliaries, oil drcolt breidcers, and hi^- 
voltage outdoor substations. Available Cn- 
medlately. 0-8792. 

ELEOTRIOAL ENGINEER. 32, married, 
8 years in iron and steel works, oil fields, etc.; 
electrical installation and maintenance. Three 
years central and substation electrical plant 
mdtallation. Five years electrical dnffting of 
rolling mill, coal mines, and public u^ity 
electrical plant. Anywhere United States or 
abroad. 0-625. 

19S1 ELEOTRIOAL GRADUATE, midwest 
university, 22. single. Tau Beta Pi student. 
Desiros connection with manufacturing or 
public utility concern. Location preferred, 
SOddlewest. 0-9398. 

ELEOTRIOAL CONDENSER ENGINEER 
with thorough knowledge and extensive experi- 
enoe in the design and application of Impreg¬ 
nated paper, mica, and air <uelectric condensers. 
Woula like to orgBmize or reorganize condraser 


ELEOTRIOAL ENGINEER, spedalizing for 
the past four years in research and development 
work on hot-cathode neon arc lamps a-c. and 
d-c.. low-voltage neon sign tubes, photo cells, 
mercury*rare gas, ultra-violet tubes. Desires 
to connect with company devetoplng rare-gas 
arcs for television projection. C-^8. 

GENERAL ENGINEER, primarily elec¬ 
trical, 37, coimtrywide experience with largest 
engineering and construction corporations. 
Responsible charge utility and industrial de¬ 
sign, application, study, report, appraisal, 
^oration and superintendence of consfruction. 
Successful contacting clients and handling men. 
Experienced in mechanical and structural 
practises. Now employed. Interview at Bos¬ 
ton or New York. D-0627. 

^ GRADUATE ELEOTRIOAL ENGINEER 
for shop supervision, research or development. 
Six years’ shop, assembly and test. Twelve 
years design hffi^-voltage out-door equipment. 
]^ow8 shop tools by actually serving in shop. 
Btos inventive abilll^, pleating personality, and 
^ows men. Age 40, married, now in Middle- 
West. 0-9641. 

_ ELEOTRIOAL ENGINEER, 24, tingle. 
De»6e B. 8. in E. E., Marquette '81. Three 
and one^half years cooperative work In large 


ELEOTRIOAL ENGINEER (ComeU), weU 
known In South Africa for many years, and 
having an established engineering business in 
Johannesburg, seeks i^oncles for American 
electrical apparatus and supplies suitable for 
mining and industrial uses. 0-9657. 

IWbBOTBIOAL, RADIO ENGINEER, 31, 
graduate with B. S, E. B. University of Oall- 
fo]^. Experience in electrical and mechanical 

S design, test and operation of radio and hlgh- 
ncy circuits, apparatus. fihq>6rience in 
and devtiopment of heavy power auto- 
switdhboards and gang switch^. Excel¬ 
lent references. Location preferred. New York. 
Available at once. 0-6734. 

ELEOTRIOAL ENGINEER, graduate of 
Lehigh University, 1930, age 25, one year on 
general test orew of large Pennsylvania Utility 
company. Mechanical and electrical experience. 
Tl^ months for telephone company as student 
engineer. Oon come for interview promptly. 
Alli^erences desired. 0-9659. 

ELEOTRIOAL ENGINEER with years of 
sales experience in the Middle West desires. 
connection with headquarters pr^erably in 
Cleveland. University graduate in E. E. 
knows stilin^ and advertising of technical 
products thoroughly. Would be exceUent rep¬ 
resentative for growing manufacturer or pub- 
Iteher. B-8614. , 

MANAGER, eHectric light properties, 39, 
Fro^tant. mani^ 15 years' eoilBnence, sales, 
public rtit^ns, Une-bufiding, operation, main- 
teniuw, costs, francbiBe work, met^ tramh 


formers, accounting, billing, collections. Dis¬ 
trict manager for property having 75 employeiis; 
mid out own property in Minnesota. Desires 
ti m l l ar or departmental petition anywhere; 
pmference Middle West. Available Imme- 
dia^. Salary secondary to opportunity. 


viyxamuiilUATlUJN JCWGINEEK, 81 , 
tingle. Experienced telephone, radio installa¬ 
tion; design, development of testing equipment 
for telephone, radio, soimd-plcture circuits; 
design, use of semi-, fuU-automatic testing cii> 
ouits to eliminate human element in testing; 
todustrial applications of photoelectric cells, 
thwmlonic tones. Best references as to pro¬ 
fessional ability, personal integrity. Location, 
immaterial. Available immel^tefy. 0-9376. 


ELEOTRIOAL ENGINEER, graduate east¬ 
ern university. 1930 member honorary society, 
lota Alpha. Ten months* experience Westing- 
houm Test on distribution and instrument 
tnmsformers commercial tests »*id phase-an^e 
measurements. Also in testing ctepartment, 
large public utmtf for a summer on engineering 
Desires i^tlon in engineeimg 
jdth opportunity. Location, immaterial. 


OEOTRAL-STATION DESIGN ENGI¬ 
NEER, 33, gp^uate M. I. T., tight years* 
experien^ covering comjfiete An gihiiiAHiig design 
of generating stations, hi^-voltage svdtching 
stations, substations , and tranimussiou lines; 
include estimates, specifications, and purchw 
of equli^ent. Ei^rience includes 18 months 
J?* course and one year In th 

field. Married. 0-4338. 

ELEOTRIOAL DESIGNING ENGINEER, 
^ years experience with public utilities and 
industrial companies, power house and sub¬ 
stations, steam and hydroelectric, eopi>er ore 
and nitrate ore reduction plants, married. 
Seeks permanent connection, responsible posi¬ 
tion, wywhere in United States and Canada. 
New York State P. B. Uoense. B-7031. 

ELEOTRIOAL ENGINEER, 28 married, 
graduate of recomized technical college 
vdth degree of B. B. Three years* exp^ence 
with large metropolitan public utili^ in charge 
of relays and system protection. Inree years’ 
experitiice in electrical laborato^ luvesti^ting 
. g of electrical devices. Loca- 
Sew York Oily or vicinity. 


EXECUTIVE ENGINEER (M. I. T. eleo- 
trical post graduate dwroo). Fifteen years' 
experience 'with metropolftan power companies, 
large electrical manufacturer and in aeronautic 
test, design, researtii and construction. Ex¬ 
tensive knowledge. Good leader with initiative. 
Will travel. B-1041. 


ERECTING ENGINEER, 46 broad experi¬ 
ence in power-plant oonstruction, maintenance 
and operation. Exceptional ability in Ihe 
erection and wiring of switchboards, power 
plwt auxiliaries, oil circuit breakers, and h^h- 
voltage outdoor substations. Avallabl im¬ 
mediately. 0-8792. 

ENGINEER, age 27, B. 8., three years and 
seven months 0. E. experience. Deti^ posi¬ 
tion with hydroelectric project. Qualified, for 
chief of party, tranaitman, estimator, assistant 
engtoeer. 0-9882. 

ELEOTRIOAL ENGINEER, over 17 gears' 
experience In light and power field, several 
years in charge of work, desires position in 
dharge of electrical engineering work for central 
stotion company, either 'vrith or without con¬ 
struction and operathig duties. University 
gr^uato, good te<^cal knowledge, and ability 
to handle men. B-1923. 


1028 GRADUATE ELECTRICAL ENGI¬ 
NEER, age 24, General ELectrie Oompany over 
two years, including one year test on jbwer and 
conttol apparatus and one year laboratory 
development and measurement. Desires por¬ 
tion with industrial company or 'with sotentifle 
school. Prefers Phllad^phia or New York, 
0-9683. 

SENIOR ELEOTRIOAL ENGINEER, 86, 
manied. Considerable experience in projection 
and ^niplete dosi^ of mills, power plants, 
distribution and other industrial phases. Some 
Urgently in ne^ of 

RAILROAD ELEOTRIOAL ENGINEER, 
six ye^ vi^ed design, construction, operating 
mcperlgice. large western and eastern nrilroM 
electrifications; familiar with American, Buro- 
peu practise regarding transmission lines, sub¬ 
stations, catenary i^stems, motive power. 
Ameri^, college ^gmduate, good reforenoes. 

A. I.B,E, AJ.M.ID., A.B.A., AEREA. 
membembip. 0-8463. 

GRADUATE ELEOTRIOAL ENGINEER, 

B. S. in E. E.. 1931. Stogie, 25. Courses 
taken indlude design, radio, and telephone. 
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Sliitht knowleclffe of Spanish and German. 
Oot year's experience with electrical prospecting 
company. Desires position with any manu¬ 
facturing or engineering concern. Location 
and salary secondary, opportunity and experi¬ 
ence being main factors. C-0G02. 

1931 GRADUATE ELEOTRICAL ENGI¬ 
NEER, age 22, marriiHl. B. S. in E. B. from 
Pennsylvania State Oollcgo. Three months* 
experience as assistant engineer with telephone 
company and two mouths In system operating 
department of large power company. Desires 
position with utility, engineering, or manu¬ 
facturing concern. Location, immaterial. Ref¬ 
erences, Available immediately. 0-9695. 

VALUATION ENGINEER, graduate of 
technical school of standing with B. S. E. E. 
degree, 29, married. Over five years' experience 
in appraisal and financial work for public 
utilities. Desires position with counting 
engineer or with baniang or investment company 
dealing in utility securities. Ihresent un¬ 
employment due to a merger. Available im- 
mediateb'. C-9700. 

ELEOTRICAL ENGINEER, B. S. degree 
1029, single. 23: desires enMneering or sales 


work with opportunity for advanoement. Has 
year and a half experience in service department 
of power company. Location, immaterial. 
References. Available Immedlatdy. 0-9034. 

ELEVATOR ENGINEER, 37, married. 
£. E. degrees at Oomeil, *20. Six and one-hali 
years* practical experience in the engineering, 
manufactme and production of elevators: 
three additional years in application of con¬ 
trol and signal equipment to etovators. Deriies 
sales or sales engineering work. Location. 
Midwest preferred. 0-44S6. 

1931 TECHNICAL GRADUATE of eastern 
college, B. S. In B. £. Experience in BeU 
telephone laboratories. Western Electric Com¬ 
pany and Perryman Vacuum Tube Company. 
Familiar with power-line carrier telephony, 
vitaphone presentation, vacuum-tube produc¬ 
tion and research. Honor student at college. 
Desires position with a well-organized firm. 
C-9661, 

ENGINEER, for the past 20 years in re¬ 
sponsible positions In connection with design 
and construction of electric power plants, 
switching stations and transmission lines; also 
reports on electric utilities, with antecedents as 
blast-furnace, rolling-mill and waterworks 
ei^^ineer. seeks responsible work reqtdrlng 
preferably a combination electrical, mechantou 
and structural engineer. 0-9332. 

ESTIMATING ENGINEERING. B. S. de- 
gree in E. E. Me 34, married. Ten years* 
^cpmence with lai^e company manufacturing 
electrical power equipment, includes designing 
clMtricsu and mechanical construction and 
calculating cost, weight, and dimensions of *>><«» 
apparetm in connection with customere' 

Location, 

immaterial. C-4633. 

T engineer, B. S. degree 

22. Dares 

position with utility, construction, or manu¬ 
facturing company. Location, immaterial. One 
eumnw with New York Edison Company. 
Test Bureau. Available immediately. 0 S 702 . 


ELECTRICAL ENGINEER, B. S. In E. B., 
University of Michigan, August 1931. Eight 
months student engineer wlm electrical manu¬ 
facturer prior to graduation. Associate mem¬ 
ber of Sigma Xi. Full member of Sii^a Rho 
Tau honorary speech society. Unusual success ■ 
in collegiate debating and public speaking 
indicate destrabflity of sales work. Location, 
immaterial. C-9709. 

GRADUATE ELEOTRICAL ENGINEER, 
B. S. In E. B., 1931, intends to study for M. S. 
degree at night; 21, single. Desires position in 
any electrical engineering field including radio 
or vacuum-tube work. Available at once. 
Location, Now York preferred but not essential. 
0-9467. 

ELECTRICAL ENGINEER, 26. single, 
Swiss graduate, 1928. Full quota immigrant. 
Experience: assistant designer of transformer 
stations and substations. Insulator testing. 
Research In the States. Graduate student at 
M. I. T. ^eaks fluently French. English, and 
German. Connection with outstanding firm: 
testing, research, or manufacturing desired. 
Location, immaterial. 0-9654. 

GRADUATE ELEOTRICAL ENGINEER, 
B. S. In E. E., 1928. 26, single. Two and one- 
half years* experience as designing engineer on 
distribution and metering transformers. De¬ 
sires position with public utility, contracting, 
or indiistrial concern. Available at once. 
Location, immaterial. 0-9693. 

ELEOTRICAL ENGINEER, two years* 
Westinghouse Test; 25 years' experience, partly 
in South America as enrineer and manager of 
public utilities, and mining. Speak Spanish 
fluently. Also Diesel-engine and refrigeration 
experience. Location, immaterial. B-5912. 

GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with eight years* experience in 
industrial plant construction and maintenance; 
railway electrification; power-plant detign, 
esti m a ting , and construction. Supervisory ex¬ 
perience on constmction and costs with con¬ 
tractor. Desires position with utility manu¬ 
facturer or contractor, where ability 10 handle 
labor and produce results is a prerequisite. 
0-4428. 

_ 1981 ELEOTRICAL ENGINEERING 
GRADUATE, age 23, B. S. at North Of^lhia 
State Oollege. Desires position with oppor¬ 
tunity for advancement with utilily, manu- 
factunng, or any other engineer^ flm. Oan 
furnish of references. Location preferred. 
East or Middle West. 0-9660. 

ELECTRICAL ENGINEER, B. 8. in E. E. 
'31, 23, single. Has had some experience in 
telephony. Desires i>osition with power or 
immediately. 

IWl TBOHNIOAL GRADUATE, B. Sc. in 
E. B. fl^jm a midwestem university, desires 
permanent connection wdth chmice for advance- 
m^t. Age 26, Loosttion. immaterial. Avail¬ 
able immediately. 0-9717. 

8.^LBS ENGINEER, graduate B. E. and 
N. Y. State licensed professional engineer. 

exMriencet^capable correspondent, 
thoroughly familiar with routine officodetailsi 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 

San Francisco 
N. D. Cook, Mtanager 


205 West Wacker Drive 
Chicago 

A. K. Erauser, Manager 


31 West 30th St. 
New York 

W. V. Brown, Manager 


I^AINTAINED by the national socie- 
ties of civil, mining, and 

electrical engineers. In cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers* Club of San Frandsco. 
An inquiry addressed to any of the three 
ofllces will bring full information concern¬ 
ing the services of this bureau. 

Man Available.—Brief announcements 
will be published without charge: repeated 
only upon specific request and after one 
month*s intervaL Names and records 
remain on file for three months: renewable 
upon request. Send announcements direct 
te Employment Srfvice, 81 West 39th 

8tre^N«rYorfc.N.Y.. to airtvenot later 
|i than the fifteenth of the month. 


Opportunities. —A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in advance. 

Voluntary Contribntfons.—Members 
benefiting through this service are invited 
to assist in its furtherance by iiersonal con¬ 
tributions made within 80 days after place¬ 
ment on the basis of 1,6 per cent of the 
first year’s salary. 

Answors to Announcement 
Address the key number indicated in 
^ case and maU to the New York office, 
with an extra two-cent stamp en clo sed 
for forwarding. 


sales-promoiion programs, training and handling 
men. direct sales to industrials and uriutlos, 
preparing spedfleations, designing iiidi^irrial 
motor ddves, control wiring diagrams and suIh 
station design. 0-6239. 

JUNIOR ENGINEER, 1931 gradnato. B. S. 
E. E., University of Alabama. Dealreas position 
with utility, construction, manufacturing com¬ 
pany. Location, immaterial. Exporioiicod In 
power-plant and building installation and 
industrial control, having been employoU for 
eight summer months and one full ymu*. first :is 
electrician helper and later as first-class omh;- 
tridan. 0-9446. 

GRADUATE ENGINEER, B. S. in K. E.. 
25 years* experience in electrical. met;lianic:d 
design operation, maintenance and construction 
of power plants. Last seven yeai*s on con¬ 
struction and puttiM in operation of rxuv*’*’- 
plant equipment. Oombnstlon, heating tind 
high-pressure piping installations. Avtalaldo 
now. 0-7848. 

SALES ENGINEER AND EXEOUTlVitV 
electrical and mechanical training, sovtm years 
sales enMneering and executive oxpcu‘ionce in 
application o^reclsion equipment to k«trical 
equipment. Would like opportimity to dovolop 
sales of mechanical product allied with oUvl.ri«d 
industry or of electrical natiu'e sold U> con (.ml 
stations and Industrials. 0-5431. 

1930 ELBOTRIOAL ENGINEEU. Rems- 
selaer Polytechnic Institute. 24, 6'8K'. l«o 
lb., in very good health, doshos Imim'diato 
connection. Will go anywhere, anytitne: will 
take foreign sei^lco if necessary. Ilydro- 
electric and power maintenance. conHtniclioii 
and installation before graduation. Willing Nt 
start in as draftsman if necessary. Qiijl-e 
studious and ambitious. 0-7036. 

ELBOTRIOAL ENGINEER, tochnietti grml- 
uato, 32. married. Twelve years' oxperlen<H» in 
design of steam and hydroelectric power sl>ntionH, 
bus-stations, and industrial plants, liicludiiig 
estimates, costs, spocincations. purcluise of 
equipment, drafting, and constrnciir>fi super- 
virion. Desires position with public iitlfil.y, 
engineering or inousbrial concern. RoftMHMunvt. 
New England preferred but will consider other 
location. 0-9715. 

ELBOTRIOAL ENGINEER with wiinl 
practical experience in design, construction, 
operation, distribution, supormtondenoc^ of gns 
and electric public utilities, desires pormuneiit 
^nnection with industrial organization In <.lie 
Middle or Par West. 0-9608. 

^ RECENT GRADUATE. 23. Pratt, Institute 
m industrial electrical engineering. Deslrcts 
position with power company or related work 
m manufacturing or construction. LiofSition, 
Bast. 0-9727. 


MEOHANIOAL 


ELBOTRIOATj 


analysis Languages: French, and Gorman. 
Available on short notices. Location, Im¬ 
material. 0-6004. 

ELEOTRICAL ENGINEER, graduate T^v. 
high University 1922. Experienced all kinds 
construction, transmission work power plants, 
substations, etc. mostly as draftsman lavlnir 
out such work. Also familiar with oloctrinca- 
tion in anttoaclte fields. Willing to accept 
dra^g, engineering, or any other olocbrlcal 
position. Location, eastern states preforablo 
but anywhere considorod. 0-9723. 

(MtADUATE ^EpTRIOAL ENGINEER, 
22, single, B. 8. in E. E. 1931. Lehigh Unlvorrity! 
Three months summer experience tosti^ de- 
partoent largo public utility. Desires imrition 
with utility company. 0-OT21. 

INTERNATIONAL OR DOMESTIC BUSI- 


UUGUUCW V, a. <UJIU OXpOrt. 

power system planning, developmente, reports 
estimating, organizing: foreign languMos: Gor- 
n^* Spamlsh, some French. connec- 

tion holding company or trade: will consldor 
wncem abroad. Available short 

mTERNA-nONAL BUSINESS, electrical 
engln^, 30, citizen, college graduate 

here and abro^, widely traveIed.*^spSjRB 
Scandinavian. German, fair I?ronck 


We^<»* i»wer and substation deilfm 
permanent 

vrito holdhm company or representatlng mam^ 
factiu^ atooad. Excellent references Por- 
g^totepviow desired. Location immktS, 

BUCOTRIOAL ENGINEER, 43.<» married- 
tfwemby yearn* electrical, power, aS iSuSSSli 




location. 0-9459. 


Euewtoical Snginbbring 








- mechanical bngi- 

NESB, 24, single, graduate Cooper Union i^ht 
of englnwring, 1931, degree B. S. in B. E. 
Eight yeara industrial experience Including 
machine shop, mechanical, electrical design 
work; some r^o and patent work. Sneak 
O^im fluei^y. Dosirra position, vicinity of 
suburbs. Available Im¬ 
mediately. Excellent roforences. C-8367. 

ELECTRICAL ENGINEER. B. S, In B. B. 
from well-known institution, 1931, single. 22. 
available inmiediately. Summer expor^ce in 
genemtor design, sales, and shop work, Re- 
»arch experience in Indiistrlal power tubes. 
Extent scholastic record. Referonces far¬ 
ched. Moml haUts and good health. Locar 
tlon, immaterial. 0-9699. 

MECHANICAL ENGI- 
NEBR, married, tochnical university grad- 
Eighteen years* practical experience; 
design, tost, operation of arC. and d-c. motors, 
mnerators. coiitactom. relays, switches, con- 
electro-mechanical devices. Elevator 

11 oqplpment, construction and In- 

stauation. Tecnnlcal manageraont. Develop- 
work. T.iOcation, New 
East. Available Im¬ 
mediately. B-5240. • 

' MECHANICAL ENGI¬ 
NEER. nuurlod, gnuluate electrical engineer. 
New York and New Jersey professional licenses. 
15 years experience Ulununation, flood-Uo^thig. 
wiring service vaults, house switchboai^ and 
underfloor duct for office buildings. Main¬ 
tenance and plant euglnoorlng work in toxtilo, 
muc. st^ and small parts manufacturing 
p^ts. Spcdiicatlons. pumhaslng and exocu- 
tlvo experience. B-6026, 

ASSOCIATE ELECTRICAL ENGINEER. 
37, raaiTied, twelve years with Westinglioiiso; 
apprentice course, sales and shop. One and 
ono-half years Wesstem Electrical Engineering 
dei>artmont. writing inspection momocls In¬ 
structions. Knowledge of oscillograph testing 
and meters, 0-8817. 

^MANAGER. EXECUTIVE ENGINEER, 
41, superintendent, consultant, sales engineer, 
assistant to major exooutivo. Electrical utility 
l^pertios. management organizations, indus¬ 
trials, manufacturers. Broadly trained, twenty 
yeai's dWorsIfi^ mstsoti^dblllties. five connec- 
^ns. Demonstrated ability large projects. 
Sound <^nomlcal design, construction, opera- 
tton. Extensive changeover programs, net¬ 
works, underground systems. Vitally onergetic, 
^ary not immediate objective. 

0-3963. 

BMCTRIOAL ENGINEER, emerionced 
mso in metallurgy and electro ehemisti^. has 
been employed for more thwi six years in physi- 
gkLrg^wch laboratories, desires sunflar posi^n. 

GRADUATE ELECTRICAL ENGI¬ 
NEERING, Jl. S. in E. E. University of Dela- 
w^. single, age 21. Spoclid courses taken in 
physte and radio. Demres position with any 
manufacturing or engineering Arm. Location, 
immaterial, opportunity and oxjtetience being 
main factors. Available immediately. 0-0666. 

^BLBOTRIOAL ENGINEERING ASSIS¬ 
TANT. 26. married, college graduate, four 
yoEurs* tranonlssion and distnbution experience 
with public utilities on design, estimates, survey, 
ai^ evaluation. Desii^es connection with public 
utility engineering department. New York 
City preferred, but will consider any United 
States location. 0^511. 

1990 GRADUATE OP ELECTRICAL 
ENGINEERING, under the cooperative plan 

Oeoigto Tech. Worked alternate months 
wl^ public utility company in Cteor^ in the 
follovdng departments; car-ha;^ gas, engineer¬ 
ing. fayoro-generation, and startles. Since 
giaduation lias worked six months with trans¬ 
mission line construction crew. Any location. 
C-9210. 


Instructors 

BLEOTBIOAL BNQINBEB, 36. daalras 
position as professor or instructor in E. E. 
at college, university or technical school. Uni¬ 
versity graduate; two and one>haIf years* 
instructor; two years* machine design with 
Westingbouse; seven years* design 7 electric 
power stations; conmetont supervisor. Corre¬ 
spondence invited. 0-0593. 

INSTBUpTOB In design engineeriiig. Ten 
yeanr practical experienccuon ime design, con- 
stru^on, installatipn and calculations of 
overheads distribution lines and underground 
networte. Location preferred, Southwest. 
Available at once. 0-4784. * 


EI^TRIOAL ENGINEER, B. 8, E. B. *29, 
university, ^hteen 
^nths General Electric Test, 23, single. 

^ers 

ELECTRICAL ENGINEER, 
from M. I.T. General 
BUej^c Test experience. Experience in the 
^tors^ and generators. Available 
S^559*^*^^ i^otice. Location, immaterial. 

ELECTRICAL ENGINEER, B. S. B.E. 
degree from southern university. 1930, age 21, 
single. Desi^ position -irith manufacturing 
wmemn offering a future, or as instructor in 
electri^ engineering. Lotion, Immaterial. 
AvaUableatonco. cft607. tuiiunwitu. 

ELECTRICAL ENGINEER, college gradu¬ 
ate. ^vance studies, 29. married, Westingbouse 
yo^’ experience as designer 
•of electrical oircuite and mechanical detaiu of 
wntrol apparatus. AU kinds of control appara¬ 
tus. spTO^lizlng on elevators. Quallfled^for 
responmble position. Location, immaterial. 
Available on short notice. C-9038. 

ELECTRICAL ENGINEER, teacher, mar¬ 
ried, univerdty graduate. Pour years Instructor 
m state university; ftve years In testing and 
design departments of operating company: six 
yeaM with consulting enginroring firm in central 
station design; eight years with on^neoring and 
management corporation, five years as as^tant 
enginoer. Availablo on short notice. 

METER OR TESTING ENGINEER, 29. 
B. a. In E. B.. honors, standard university. 
Ten years experience; utilities, standardization, 
motw, U'aMinisslon, plant dopartmente. 
Started reading metera. One year sales engi¬ 
neer, large instrument manufacturer. Good 
records and roforences. Qualifled for industrial 
or utility construction, testing, or operation. 
Location immaterial. WIU ti’avel. Available 
Immediately. 0-9607. 

^aiSTANT PROFESSOR OR INSTRUC¬ 
TOR, Cornell graduate, diversified practical 
work, two and one-half years* teaciting experi¬ 


ence. Thoroughly familiar with present tlay 
pract^ ffi i^^olcal and electrical ecuipment 
for industrial and power work. A-3702. 

ELEOTRIOAL ENGINEER, M. S. 1931 
^£2.^ L single. Summer xperlence 

wl^ American Tel. and Tel. Company. Desires 
position with electrical company preferably In 
rese^h laboratory or as Instructor In E. E 
mattiematlcs. or physics. Available Immedi¬ 
ately. Location, East or Middle West. 0-9674. 

POSITION AS INSTRUCTOR OR AS¬ 
SISTANT PBOPESSOR to t^hmert sc^ 
23, degrees of S. B. S. M. 
in electrical engineering. Olui handl 
In any phase of work relating to power plants, 
substations, r^o distribution, or trmismlsslon. 
East preforred. Employed at present. 0-5744. 

ELEOTRIOAL ENGINBER. 
gass 1926, Columbia, age 28, married. Prac- 
ti^l exporience with power company an d 
telephone company. One year as laboratory 
distant in electrical classes and three years ^ 
Insteuctor in evening classes in college mathe¬ 
matics have aroused a sincere desire to make 
teaching life work, as instructor in B. E. mathe¬ 
matics. or physics. 0-9308. 

KRhAY CONTROL ENGINEER. 30. 
McGill graduate. Have done responsible en- 
gm^'^g work planning relay applications, 
protect!^ efirenite automatic, supervisory con¬ 
trols. Thoroughly familiar, eQuipmant large 
substations, use of laboratory 
flteiUties, field engineering methods. Yaluabl 
experience, communication circuits, ampUflers. 
phot^^tric cells, maintenance of ^hest 
standards In their circuits. Proved ability in 
personal contact. Locatiem, Canada. CM608. 

1929 ELECTRICAL DE SIGN ENGINEER. 
24, B. S. degree technical school. One year 
Wostinghouse student course. Motor, trans¬ 
former, tmbo test experience. One year large 
synchronous motor d^gn. Six months We^ 
inghous© electrical design school. Desires 
position: design, resomvh. development work. 
m a nuf acturing company, or engineering de¬ 
partment power company. Single wii£ de¬ 
pendents. Location, immaterial. References. * 
Available immedlatriy. 0-9410. 


Me»J. ers Lip 


Recommended 
for Transfer 

The bool'd of examiners, at its meeting of 
July 29,1931, recommended tiie following mem¬ 
bers for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the national 
secretary. 

To Grade of Fellow 

BURKHOLDER, OBLARLiES 1*, vice^pres*. 

Duke Power Oo., Charlotte, N. 0. 

CREIM, BENJAMIN W., chief elec, engr., 
Modesto Irrigation District, Modesto, Calif. 

To Grade of Member 

ALLEN, CLAYTON M., junior elec, eng.. 
Dept, of Water and Power, Los Angries, 
Calif. 

BEAR, FRED T., elec, engr., Delaware Pr. & 
Light Co., Wilmington, Dd. 

BRAUN, ELMER H*, junior engr., N. Y. 8c 
Queens Elec. Lt. 8c Pr. Co., Flushing, N. Y. 
BUCK, O. KENDALL, supervising power 
s alesm an, Dept, of Water and Power, 
Los Angeles, Calif. 

CRANE, CARL O., substation engr., Northern 
Indiana Fublle Service Oo„ Hammond, 
Indiana., 


DAVIS, ARTHUR L., asst. gen*l. supt.. 
Western Massachusetts Oomimnies, Turn¬ 
ers Falls, Mass. 

DORMER, WILLIAM J. S., division toll-plant 
engr., Bell Telephone Co, of Canada, 
Montreal, Can. 

DUNCAN. JAMES A., research engr., Brook¬ 
lyn Edison Co., Inc., Brooklyn, N. Y. 

EITMAN, JOSEPH F., design engr.. General 
Electric Co., Fort Wayne, Indiana. 

HARRIS, HIRAM D., instructor In E. E. and 
physics, Rensselaer Polytechnic Institute, 
Troy,N,y. 

HOLLADAY, WM« L., engg. mgr.. The George 
Belsey Co. Ltd., Los Angeles, OaUf. 

EATZMAN, JACOB, elec, engr., Dubiller 
Clock Oorp.* New York. 

LEE, Jb., STEWART, ongg. dept., N. Y, 
Shipbuilding do.. Camden, N. J. 

MOORE, LEONARD J«, exec, engr., San 
Joaquin Lt. and Pr. Oorp., Fresno, OaUf. 

MORGAN, TJHEODOBE H., asst. prof, of 
E. B., Stanford University, Stanfbrd 
University, OaUf. 

MOSER, FRED L., supt. of maiutenance, 
Dtiko Power Co., Charlotte, N. O. ‘ . 

NASF, OTTO, consulting engr., American 
Brown Boveri Oo. Inc., Camden, N. J. 

POLEINGHORN. FRANE ALLEN, member 
of tech, staff, Bril Triephone LAboratories 
Inc., New York. 

RICHARDSON, HARVEY R.. laboratory 
en^., Brooklyn Edison Oo. Inc;, Brooklyn, 
N.Y., 
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SCIItLZK. EAYMON-D O. K., assistant engr., 
Public Service Elec. & Gas Oo., Newark, 
N J 

SHADGETT. LAURENCE M., supt. whole¬ 
sale operations, Georgia Power Co,, 
Atlanta, Ga. 

SfLVllP, HUBERT, transmission engr., Moun- 
‘ tain States Tel. & Tel. Co., Denver, Colo. 
SMITH, HUGH L., engr.. General Electric Co., 

• New York. 

TUCKER. WILMER H., elec. engi\, The 
Hoover Co., North Canton, Ohio, 

W.VLSH. HO’VVARD A., field engr., Doble 

* Engineering Co., Boston, Mass, 

* WOODS, JOHN C., designer. Commonwealth 

Edison Co., Chicago, Ill. 


Applications 
for Election 

Applications have been received by the sec¬ 
retary from the following candidates for election 
to membersliip in the Institute. Unless other¬ 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows inamediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before September 30, 1931. 

Bant an, J. W., Paramount Publix Oorp., 
Los Angeles, Calif. 

Benson, A., Oklahoma A. & M. College, Still¬ 
water, Okla. 


Coleman, G. G., The Chesapeake & Potomac 
Tel. Co., Washington, D. O. 

Cook, J. F., Jr., R. O. A. Victor Co., Jamaica 
Plain, Mass. 

Oruickshank, J. P., Appalachian Electric Power 
Co., Hxmtington, W. Va. 

Pricker, W. R., Canadian Westinghouso Co., 
Ltd., Regina, Sask., Can. 

Hipp, Rm Je*-. Broad River Power Co., Pomaria, 
So. Car. 

Inkster, O., Saskatchewan Power Commission, 
Regina, Saslt., Canada 

Ireland, G. (Member) American Tel & Tel. Oo., 
New York, N. Y. 

Jastram, R., Star Electric Motor Co., Newark, 
N. J. 

Kurdy, S. M„ Automobile Laundry Engineer¬ 
ing Oorp., Newark, N. J. 

Levoy, L. G., Jr., General Electric Co., Schenec¬ 
tady, N, y. 

Lytle. O. M., Kansas City Pr. & Lt. Co., 
Kansas City, Mo. 

Maessen, P. T., 412 City-Central Bldg., San 
Antonio, Tex. 

Merrill. O. B., Bell Tel. Oo. of Pa., Pittsburgh, 
Pa. 

Moscato, P., Automatic Musical Inst. Oo. of 
Grand Rapids, Mich., Central Park, L. I., 
New York. 

Murphy, P. J., Dept, of Public Works, Esson- 
dale, B. 0., Can. 

Porter, P. C., United Elec. Lt. & Pr. Oo., 
New York, N. Y. 

Rees, J. B. (Member) American Tel. & Tel. Co., 
New York. N. Y. 

Roberts, W. N., Box 15, Woodside, L. I,, N. Y. 

Rosenberger, G. L., Vii’ginia Public Service Go., 
Alexandi’ia, Virginia 


Sanford. R. V. (M(^inber) Tucson Gas. Elctt, 
Lt. & Pr. Go.. Tucson, Ariz. 

Sharp, 1^. E. B., (Member), J. P. Morris & 
DeLaVorgno. Inc., Phiiadolphla, Ihi. 

Stoll, G. M., N. J. Bell Telephone do., A.sbury 
Park, N. J. 

Thorne, E. C., Southern Oaauda PuwtT Co., 
Drummondville, Que., Can. 

Tinglcy, F. T, (Member) Cltuuson C^olU^gts 
Olomson Oolloge, So. Carolina. 

Valvordo, 1^., Valverdo Lal)onitory, Ninv York, 
N.Y. 

von Turfl's, H., Montana l*ower Co., iJozonmn, 
Mont. 

Winkler, S. C. (Member) Los Ang('le.s Junior 
College, IjOs Angohvs, Calif, 

Wright, R. B., United Eh^ctric Lt. k. Pr. Co,, 
New York. N. Y. 

Wyman, A, W., Warren Tele(*hron Co., A.sU- 
land, Mass. 

31 Domestic 


Foreign 

Gillett, J. K. (Mcmiber) MetropoHlan AUt.-ker.^ 
Elec. Oo„ Traftord Park. Mamdu‘«ter> 
England 

Stratt<«i, T. 1^, DeBeta*rt Cons. Mlm\s, lAii,, 
Kiinborloy, H, Afrk^a 

Ratnam, 0. M., Oluda Piuvor lloumn Dlst. 
Thana, Bombay, India 

Thomson, L, Ik. Estjwdon Lacroze. B{ienon 
Aires, S. A. 
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Order Form for Pamphlet Copies of A. i. E. E. Papers* 

All papers presented at the 1931 Pacific Coast Convention 

Nccmfaer Author TUIle 

□ 31-122 C. C. Campbell and H. N. Kalb.. .Radio Coordination .. ................ 

2.* ^ Ma^usson...The Kindling of Electric Sparkover 

^ 31-lk..4 H. H. Skilling...Tuned Power Lines 

lJ 31-123 E, M.Calderwood and D. P. Smith.The San Prancisco-Los Angeles Section of The Pacific Coast TCephone Cabin 

—J _ Networks 

1-126 G. D. Floyd and J. R. Dunbar.Calorimeter Measuromenb of Stray-Load Lohsuh of ,”i.5,()00-Kva. Gnnorator Having 

T~t 1 , 'v -c -a ,f . Enclosed System Of VonlUatlon 

H 31 is I' r km f .Tie-Line Oontrol of Interconnected Networks 

h 3Uia9 J J PMod .Electrical Bqnipmont for Oil-Pield Operation 

n 31-130 E A Orr^Uin.I^t®i’Contuiental Radiotolepliono Sorvicc from tho Uititod Btatos 

31-131 E M Wrio-hf ’-r' ■ V.Mokelumne River Development 

^ ... right and B. D. Dexter.Power Transmission and Distribution Prom tho Mok( 5 lunnm River Develoruumt 

‘ ■ 31M1 O E Cai-evandTT T ^ of the Pacific Gas and Electric Company 

□ lilMa s.’ B.’ Clark ^ ^ .Electric Power In tho -Wood-Producta Indnatry 

G 31M3 C. p! Green.™ Portland, Oregon 

G 31MI H. P, Boardinan.Electrical Solutions of Problems of Eogular Scheduled Plight 

L_' 31 MS s. S. Mackeown.Hydro-Porecaatlng 

U 31M8 A. L. Albert and w'. E' Bidiis.Sf S®?® kf^ Diachargoa 

□ 31M7 Vaino Hoover ^.Measurementa of Sound-AbsorPtlon 
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National Fire Waste Council 

J. O. Forsyth, p. y. Magalhaes. 

% 

National Research ConncU, 
Engineering Division 
H. P, Oharlesworth, P. W. Peek, Jr., 

O. B. Sldimer. 

F. L. Hutchinson, ex-officio. 


National Safety ConncU, 

A. S. S* E*—^Engineering Section 

J. O. Forsyth. 

Radio Advisory Committee, 
Bureau of Standards 
A. B. Kennelly. 

United Englneerini; Trustees, Iiic., 
Board of Trustees 

H. P. Oharlesworth, H. A. Kidder, 

G. L. Knight. 

Ue Se National Committee of th 
International Commission on 
Ilinminatlon 

A. B. Kttindly, O. O. MaiUoux, 

Clayton H. Sharp. 


Ue S. National Committee of the 
International Electrotechnical 
Commission 


L. F. Adams, 

B. W. Allen, 

James Burke, 

W. A. Dd Mar. 
Ghmo Dunn, 

P. O. Hanker, 

O. R. Harte, 

H, M. Hobart 

D. O. Jackson, 

P. B. Jewett, 

A. B. Kenneby, 

A. M. MacOnt^eon 
(fix-officio), 

O. O. Maffloux, 


William Mcddlan, 
J. P. Meyer, 

H. 8. Osborne, 
Parley Osgood, 

P. W. Peek, Jr., 
Harold Pender, 

L. T. Robinson, 

O. H. Sharp, 

O. B. Skinner, 

W. I. SUchter, 

O. B. Stephens 
(fi»^fficio\ 

N. W. Storv, 

J. W. TJpp. 


Commission of Washington Award 

L, A. Ferguson, Ohades P, Scott. 
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Local S ctiens of the Institute—Confinu d 


Name 

<• 

District 

Chairman 

Secretary 

Secretary's Address 

Toledo . 

Toronto . 

Urbana . 

. 10,.... 

.5. 

.. .J. A. Dinwiddle.. 

...T. W. Badie . 

.. .B. H. Waldo. 

.. .Max Neuber . 

... ,G. D. Floyd.... 
- E. A. Retd. 

.... 1257 Femwood Ave., Toledo. Ohio 
... .Hydro Elec. Pr. Comm., 190 Unlv. Ave., Toronto, Ont. 

- - T. Unlvenritv nf tiwHama tti 

Utah . 

. 9 . 

.. .Paul Ransom.... 



Vancouver . 

Washington . 

. 10 . 

.2. 

. . .G, B. Wright.... 

G li WaIIai* 

• « « * Ao^IOr* • • • 4 

- C. Amott . 

... .Unlv. of tltab.. Salt liake City, Utah 
... .B. C. Blec. Railway Co„ Ltd., Vancouver, B. O., Canada 

- Westinghouse Blee. ft Mfg. Co., Washington. D. C. 

- General Electric Co., Worcester, Mast. 

Worcester . 



... .v;. Frown.... 

Total 59 



.... JK, F. sullen. 


Student Branches of the Institute 


Name 


Xiocatiou 


District 


Ohairman 


Secretary 


Ootmselor 

(Member of Faculty) 


Alaron, Unlv. of. 

Alabama, Poly. Inst. 

Alabama, Unly. of. 

Arizona, Unlv. of. 

Arkansas, Univ. of. 

Armour Inst, of Tech. 

British Oolumbia, Unlv. of. 

Brooklyn, Poly, Inst, of.!! 

BudmeU Univ. 

Oalif. Inst, of Tech. 

Oalif., Unlv. of. 

Oamegie Inst, of Tech. 

Case Sch. of Ap. Sdenee. 

OathoUc Unlv. of America. 

Oincinnatt, Univ. of. 

Clarkson Ck>llese of Tech.. 

Olemson Agrl.'College.. 

Colorado State Agii. College.. 

Colorado, Unlv. of. 

Cooper Union.. 

Cornell University.... 

Denver. Univ. of.. 

Detroit, Unlv. of.. 

Drexel Inst. 

Duke Univ. 

Florida, Unlv. of. 

GNmrgia School of Tech. 

Harvard Univ. 

Idaho, Unlv. of. 

Dlinote, Unlv. of. i. 

Iowa State College. 

Iowa, State Unlv. of. 

Kan sas State College. 

Kansas, Unlv. of. 

Kentucky, Univ. of. 

Lafoyette College. 

Univ. 

Lewis Inst. 

Louisiana State Unlv. 

Louisville. Uni^. of.. 

MaineTUniv. of. 

Margaette Univ. 

Massachusetts Inst, of Tedh. 

Michigan Col. of Mining imd Tech. 

Michigan State College. 

Michigan. Unlv. of. 

MQwaukee, School of Bng. of. 

Mhmeeota. Univ. of. 

Mississippi Agri. Sc Medi. Col. 

.Missouri School of Mines & Met... 

Missouri, Univ. of.... .. 

Montana State College..... 

l^ebraska, Univ. of. 

Nevada, Unlv. of... 

Newark College of Bng... 

New Hampshire, Unlv. of.... 

New Mexico, Univ. of. 

New Tork, CoL of the City of. 

Now Tork Unlv... 

No^ CeroUna Statte College. 

North Carolina, Univ, of... 

North Dakota Agri. Cohi^. 

North Dakota, Unlv, of.... 

.Northeastern Univ.. t..... 

Notre Dupe, Univ, <9,.. 

Ohio Normem U^lv,..... 


.Akron, Ohio. 

. Auburn, Ala. 

.University, Ala. 

.4... 

.... 

. Tucson, Ariz. 

.8,. . 


.Fayetteville, Ark. 

.(Chicago, HI . 

.Vancouver, B. O. 

. 10 ... 


.Brooklyn, N. Y. 

.Lewisbuig. Pa. 


.. J 

.. J 


Harmon Shively.H. H. Schroeder.... 

.W. H. Minns.O. P. Fuker. 

Walter H. Croft.H. B. Hendrix..... 

P. P. Hawley. T. S. Henderson.... 

Harold D. Albrecht... Bobert YiniDg . 

W. J. Jost.R. H. Frye. 

D. 8. Smith.H, M. Van Allen... 


a, Oalif. 8.... 

. .Berkeley. Calif. 8.... 

. .Pittsburgh, Pa.2_ 

, .Cleveland, Ohio. 2.,.. 

. .Washington, D. 0. 2.... 

. .Cincinnati, Ohio. 2.... 

..Potsdam, N. Y. 1 _ 

. .Olemson College, S. 0.4_ 

. .Ft. OoUlus. Oolo. 6.... 

. .Boulder, Oolo. 6.... 

..New York, N.Y . 8 ., , 

..Ithaca, N.y. 1 .... 

. .Denver, Oolo.6_ 

. .Detroit, Mich. 6.... 

..Philadelphia,Pa. 2.... 

. .Durham, N. C. 4.... 

. .(Blainesville. Fla.... 4.... 

. .Atlanta, Ga. 4.... 

.. Cambridge, Mass.1 .... 

. .Moscow, Idaho. 9.... 

. .Urbana, Ill. 5.... 

..Ames. Iowa. 6.... 

. .Iowa CJlty, Iowa. 5.... 

. .Manhattan, Kansas. 7..,. 

. .Lawrence, Kansas. 7.... 

. .Lexington, Ky. 4.... 

, .Baston, Pa... 2.... 

. .Bethlehem, Pa. 2.... 

. .Chicago, in... 

. .Baton Rouge, La. 4.... 

. .Louisville, Ky. 4 _ 

. .Orono. Maine. 1.... 

. .Milwaukee, Wls. 6.... 

. .Cambridge, Mass.1.... 

. .Houghton, Mich.5_ 

. .Bast Lansing, Mich. 5 _ 

. .Ann Arbor, Mich. 5.... 

. .Mflwaukee, Wls. S.... 

. .Minneapolis, Minn. S.... 

..A. & M. OoUege, Mias... 4..,. 

, .Rolla, Mo...... ,7. ^. 

.Columbia. Mo. 7.... 

.Bozeman,^Mont. 9,.,, 

.Llnooln, Neb.6_ 

.Reno, Nevada. 8.... 

.Newark, N. J..8, 

.Durham, N. H...1. 

.Albu^iuergue, New Mexico.7. 

.New York, N. Y . ,8 . 

.Unlv. Heights, New York, N, Y. ^3. 

.Raleigh, N. C...4. 

.Ohap€lHilI,N.O..... 4..... 

.Fargo, N.D.. ....6 . 

.Grand Forks, N. D..6. 

.Boston, 17, Mass.1. 

.Notre Dame, Ind.5. 

.Ada, Ohio. 2..... 


O. R. Sterling.P. Hort. 

. .P. B. Lyons.R. W. St. Clair_ 

..V. T. Johnson.Hllas O. Ashley.... 

. .W. B. Wigton.F, A. Lennberg. 

. *W. J. Lattin.. *.K. R. Spangenberg. 

* .David B. Doody.P. D. Vezzos.. 

, ,W, Kocik.Henry Suter. 

. .0. O. McNalm.J. H. O'Rourke.... 

. .H. 8. Montgomery,. .0. A. Faririi. 

. .Leroy Sweet. 

. .F. W. Cooper.W. 0. Spear. 

. .H. Grissler.A. B. Mundel. 

. .Randall A. Smith... .Wm. S. Bachman.. 

. .L. O, Trusrier.Irwin Oloovich. 

. .B. Sharkey.J. Sdhenk. 

..G.Koster.G.Motz. 

.. S. G. Fladk.J. A. Womack. 

. .R. B. Walker.L. P. Barnett. 

. .J. H. Harrison.Jack 8. Gantt. 

. .Eric A. Walker.Charles N. Mason.. 

. .Glenn B. <3tage.H. R. McBlmey.... 

. W. P. Biuglund.G. L, BodwCll. 

. .W. L* Huebner.G. Franks. 

> .J* W. Oamplan.Don A. Oozlne. 

.G. B. Cain.D. B. West. 

.Bdward Fisher.Jade Brous. 

.8. M. Worthington.. .B. G. OrOsby, Jr,.. 

. A. H. Bdmondson.... Henry H. Jones. 

.L. F. Underwood.C, W. Banks. 

.O, B. Frellsen...,.K. J. glndAlr . 

.Fred H. Fenn.R. A. Crain. 

.John G. Lips.Wm. B. Bailey. 

:Bonald B. Young-Roland J. Tibbetts.. 

.Ellsworth Ziehm.... .Donald Boehmer_ 

.John C. Gibson.Thomas R. Smith... 

.A. G. Rogers.M. D. Crowell. 

.Edwin W. Moore.Webster Bowler. 

.A. D. Forbes.G. MufBy. ;.,.. 

.Wm. P. (3alner.H. F. VoDanann..... 

.M. G. Swanson.S. McDermott. 

.J. M. Leigh.J. T, Young. 

,J. D, Shelton.G. L. Ldsher. 

.R, L, Young.R, OsadChey. 

.Homer Lambdin.Wesley C. Funk. 

.P. Bbrenhard.Wm. M. Ely. 

.Donald Knapp.Orris E. Refl. 

.B. Olsta.J. 0. Woehling. 

.P. AuRolfe.,.R. H. Williams. 

.M. Austin True.Stanley O, Fish. 

.A. Rosenberg.I. B. Lawior. 

.L. B. Dlnnar.G, M. HeCkel... 

,G. B* Ritchie.L. C. Hubbard. 

.D. J. Thurston, Jr.... Barham....... 

.Clarence Bryant..... .Ral]>h Simensem..... 

.B. J. Shields.Mark Scarff. 

.A. K. Wright.P. H. Townsend..... 

.Hu^ Ball...F. A. Consolatt. 

.0. B, JCoobs.W. Gideon. 


.. J. T, Walther 
. .W. W. Hill 
. .F. R. Maxwell, Jr. 

.. J. O. Clark 
. .W. B. Stdzner 
. .B. H. Freeman 
. .B. G. Cullwick 
. .H. B. Hansteln 
. .George A. Irland 
. .R. W. Sorensen 
.. L. B. Reukema 
.. George Porter 
.. H. B. Dates 
.. T. J. MacKavanagh 
. .W. C. Osterbroek 
. .A. R. Powers 
.. S. B. Bhodes 
F. L. Poole 
. .W. O. DuVaU 
.. A. J. B. Falrbum 
.. B. M. Strong 
.. B. B. Nyswander 
.. H. O. Warner 
.. B. O. Lange 
. .W, J. Seeley 
. .Joseph Well 
..T.W. Fitzgerald 
.. O. L. Dawes 
..B.H.HOU 
. .C. B. Skrodetr 
. .F. B. Johnson 
. .B. B. Kurtz 
. .B. G. Kioeffler 
.. D. O. Jackson, Jr, 

.. W, B. Freeman 
. .lAwrence (Conover 
. .N. S. Hlbshman 
. .F. A. Rogers 
. .M. B. Vooriiies 
.8. B.Fife 
.W. B. Barrows 
.Edward Kane 
. W. H. Timbi 
.G. W. Swenson 
«W. A* Murrsiy 
. S. 8. Attwood 
.V. M. Murray 
. J. H. Kuhlxnann 
•L. L. Patterson 
.1. H. Lovett 
.M. P. WeInbaCh 
. J. A. Thaler 
.F. W. Norris 
«8. G. Palmer 
.J. C. Peet 
.L, W. Hitchcock 
.F. M. Denton 
.Harry Baum 
. J. L. Arnold 
.R. 8. Fouraker 
. J. B. Lear 
.H. 8. Bush 
.H.F.Rice 
. W. L. Smith 
. J. A. Oai>aro 
.1. S. Campbell 
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Student Branches of the Institute—C ndnued 




































































































































Hill Book Co,, 1931. 329 pp., charts, 

diagrs., tables, 9 x 6 in., cloth. S3.50.- 

Professor Pemald^s aim is to give the 
student an adequate, flexible technique 
for dealing .quantitatively with various 
situations, and sufficient data for meeting 
the simpler ones; together with clear 
ideas of the limitations that universal 
laws impose upon engineering practise, 
and of the conditions that practise must 
meet before finally perfected. The prop¬ 
erties, processes, and cycles of steam and 
perfect gases, compressed air, refrigera. 
tion, evaporation and flow through 
nozzles, etc., are discussed. 

PuACTicAL Radio including Television. 
4th edit. By J. A. Moyer and J. P. 
Wostrel. N. Y., McGraw-Hill Book Co., 
1931. 410 pp.» illus., diagrs., charts 

tables, 8x6 in., cloth, $2.60.-A popu¬ 

lar exposition of the principles of radm and 
of the usual types or receiving apparatus. 
Advice on the selection and operation of 
receivers is given and also upon the con¬ 
struction and testing of some typical sets. 
This edition has a new chapter on tele¬ 
vision as well as numerous revisions and 
corrections. 


Pbaotical Mauikis Diesel Engi- 
NEBMNG. 2nd edit. By L. R. Ford. 
N. Y., Simmons Boardman Publ, Co., 
1931. 768 pp., illus., diagrs., charts, 

tables, 9 X 6 in., cloth. $7.00.-Dis¬ 

cusses construction and operation from the 
point of view of the practical engineer. 
Theoretical principles are expained 
briefly, the construction of the various 
parts of engines and the accessory equip¬ 
ment described, and detail given for a 
lar^ number of makes of engines. A 
major portion of the book is devoted to 
operation^ such matters as repairs, tests, 
and lubrication being explained quite 
fully. 


Bbreohnunosgrundlaoen ttnd Kon- 

STETTKTIVE AUSBILDUNO VON ElNLAXJF- 
SPIBALB UND TuRBINBNSATJGBOHR BBI 

Nibdbrdruckanlagbn. By H. ]^hde. 
Berlin, J. Springer, 1931. 112 pp., 

illus., diagrs., charts, tables, 10 x 6 in., 

paper, 11 r. m.-The design and con- 

stimction of these important mements of a 
power plant are both hy^ulic and me¬ 
chanical problems, and the present book 
is intended to throw light ux>on the struc¬ 
tural and mechanical phases of the sub¬ 
ject. The study is intended to assist in 
determining the most efficient forms, 
with due attention to both hydraulic and 
structural considerations. 

Aerial and Marine Navigation 
Tables. By J. E. Gingrich. N. Y., 
McGraw-Hill Book Co., 1931. 63 pp., 
diagrs., tables, 11x7 in., leather, $2.&. 

-^The aim of the compiler of these 

tables has been to combine speed, facility 
in use, and simplicity with accuracy. A 
uniform plan in the solution of all sights 
has been adopted, and the volume is usable 
over awide range and of handy size. The 
tables are rearrangement of those de¬ 
vised by Doctor Ogura of the Japanese 
Navy. 


Electrical Engineering. By C. V. 
Christie. N. Y., McGraw-Hill Book Co., 
Ino., 1931. 662 pp., diagrs., charts, tables, 

9 X 6 in., cloth, $6.00.-^The fourth 

edition of this w^-known text preserves 
the cbars^teristics of former issues, but 
cert^ additions have been made, in- 
cludi^ an outline of the mathematical 
relations required for solving problems in 
a-o. theory, the desigfh of commutating- 
pole d-c. generator,^ a discussion of the 
problem or systegi stability, and a set of 
typical problems. 


L*Emploi DBS Unites dans la Pra¬ 
tique DES Calcdls. By P. B^trancourt. 
Paris, Dunod, 1931. 91 pp., tables, 

9 X 6 in., paper, 16 frs.-^A collection of 

the geometrical, mechanical, electrical, 
magnetic, and optical units of measure¬ 
ment, with definitions, formulas, etc., 
intended to aid calculators. 

ExPERlAfENTAL RaDIO ENGINEERING. 
By J. H. Moreoroft. N. Y., John 
Wiley & Sons, 1931. 346 pp., illus., 
diagrs., charts, tables, 10 x 6 in., cloth, 

$3.50.-A laboratory course in the 

principles of radio, listing fifty-one ex¬ 
periments ^d designed to bring out 
chai^teristics of component parts of 
recei^^^g and transmitting apparatus; 
the introduction is upon laboratory 
apparatus. 

Sags and Tensions in Overhead 
Lines. By C. G. Watson. London & 
N. Y., Isaac Pitman & Sons, 1931. 
192 pp., diagrs., charts, tables, 9 x 6 in., 
cloth, $3.75.-^Presenting simple ac¬ 

curate methods for deter mining these 
sags and tensions, and requiring no 
fu^er mathematical knowledge than an 
ability to plot and read graphs, and peiv 
form simple arithmetical operations. 
All the cases ordinarily met in practise 
are discussed and explained. Tables and 
graphs of hyperbolic and catenarian 
functions and a table of tangents are 
given. 

Vector AnaIjYsis. By L. R. Shorter. 
London & N. Y., Macmillan & Co., 
diagrs., 8 x 5 in., cloth, 
$2.75.——^The extensive use of vector 
methods in modem text-books of physics 
makes it necessary for the stu<mnt of 
mathematical physics to ]^ve a working 
knowledge of vector analysis. This b^ 
text is intended to supply that need. It 
is suited tJso for use as an mtroduotion to 
the subject for students of mathematics. 

Seeing, A Partnership op Lighting 
AND Vision. By M. Luckiesh and P. K. 
Moss. Baltimore, Williams & Wilkins 
Co., 1931. 241 pp., illus., diagrs., charts, 

tables, 9x6 in., cloth, $5.-Seeing 

depends upon light and lighting as well as 
upon the visum sense; yet light and 
lightmg Imve not yet receiv^ muoh 
consideration as a partner of the visual 
sense, the authors assert, although 
excellent scientific data pertaining to 
vision are available. The present book 
ainm to remedy this lack, in part, by 
giving the results of extensive research 
work, covering some 20 years of effort 
to establish the scientific principles of 
seeing. A bibliography is included. 

Foundations op Radio. By Rudolph 
L. Duncan. N. Y., John Wiley & Sons, 
]^o., 1931. 246 pp., illus., diagrs., tables, 
8x6 in., cloth, $2.50.—An introduc¬ 
tory text^book on electricity covering in 
non-mathenmtical language the fonda- 
mentids of interest to students of radio 
engineering. 

Mitteilungb n au s den Forschung- 
SANSTALTBN, GHH-Konzcm, Bd. 1, 
Pje- 101-122, May 1931. Berlin, 
V. D. L Verlag. Illus., diagrs., charts, 

tables, 12 x 9 in., paper, 3 r. m.-^The 

first article in this b'^etin discusses the 
use of large diesel engines in electric 
power plants. Their advantages for 
peak-load service and as standbys are 
shown. The bulletin also reports on 
investigations of methods of drymg wood 
and their' eflects upon its mechanical 
properties. 


Nature of a Gas. By L. B. Loeb. 
N. Y., John Wiley & Sons, 1931. 153 
pp., diagrs., charts, tables, 9 x 6 in.. 


doth, $2.50.-Students and engineefs 

intmsted in the behavior of dielectrics 
as insulation will be grateful for this 
review of the nature and electric proper¬ 
ties of a gas afforded by this monograph* 
The structure of the molecule is discussed, 
and its behavior under various tempera¬ 
ture conditions considered. The mono¬ 
graph is the first of a series sponsored by 
the comimttee on electrioal insulation of 
the Division of Engineering and Industrial 
Research, Nationm Research Council. 

Die Anwendunq der Nomographib 
IN DER Mathbmatik. Bv H. Sohwerdt. 
Berlin, J. Springer, 1931. 116 pp., 

charts, diagrs^ tables, 10 x. 6 in., cloth. 

28 r. m.-^This book contains 104 

charis containing 236 nomographs of 
various mathematical formulas, which 
illustrate the possibilities of nomographic 
methods in mathematics. The text 
explains the charts and shows how they 
ma^ be used. A brief bibliography is 


XMT13BNATIONAL CRITICAL TABLES OP 

Numerical Data, Physics, Chemistry 
AND Technology, v. 7. By the National 
Research Council. N. Y. McGraw-Hill 
Book Co., 1930. 607 pp., 11 x 9 in., 

doth $84.00 (7 v).-This is the finm 

volume of the work in which the best 
values for an immense number of con¬ 
stants and numerical data of physics, 
chemistry, and engineering are recorded 
for the convenience of research workers. 
The values are based upon all recorded 
work previous to 1924, as in the **Annual 
Tables of Constants and Numerical 
Data.*’ The values given in the present 
work ^ve been chosen by competent 
authorities as the most satisfactory. 
References to original publications are 
included. Indispen^ble in research lab¬ 
oratories and libraries of science. 


Onward Industry! By J. D. Mooney 
and A. C. Reiley. N. Y. &* London, 
Harper & Brothers, 1931. 664 pp., 

10 X 6 in., cloth, $6.00.-An endeavor 

to discover and define the principles of 
efficient organization, by studying princi¬ 
ples used by great political, nuliteryt and 
ecol^aslicd orp^anizations of the past. 
A historical review human expermnce 
with large organizaubus, accompanied by 
a study of present coordination and 
operation problems in modem industrial 
corporations. 


ENGINEERING SOCIETIES 
LIBRARY 

29 vrest seth street, New York, N. Y. 

M aintained as a public reference 
library of engineering and th allied 
sciences, this library is a cooperative activ¬ 
ity of the national societies of dvil, elec- 
trical. mechanical, and mining engineers. 

Resources of the library are available 
also to those unable to visit it in person. 
Lists of referenoes, oopies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work required. 

A ooUectlon of modern technical books 
is available to any member residing in 
North America at a rental rate f five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainal^ and 
an inquiry to the director of the Ubrary 
wUI bring information concerning them. 
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Selected Items Fr m 

Engineering Index Service 


^PblBCTEiD references to current 
electrical engineering articles from 
Engineering Index Service’s review 
of some 2,000 technical periodicals are 
given in the following columns* 

All articles indexed are on file in the 
Bn^eering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign article? at 
cost* 

Busbars 

Proves Its Merit. H. H. Oox. Blec. 
World, vol. 08. no. 1, Jnly 4.1931. p. 30, 2 figs. 
IxiasmuCh » statton bus f^nres are alwaysof 
mrionsi^tnre It was realized by engineers of 
Departiomt ^ Water and Power of city of 
Los Ange^ that some form of bus protection 
was essptlal: original scheme of differential bus 

g otwtlon was proposed by author which 
volved connecthig in pai^el of as many 
current transformer secondaries as there were 
connections to bus in question. 

Cables 

Thickness 

^ be Reduced, D. W. Roper. BUc. World, 
98, no. 1, My 4, 1981. pp. 27-29, 6 figs! 

connection w£h 
d^elopment of transmission system in Ohi^o 
rmon, su<m as maximum economical slim for 
fearibfii^ of 220-kv. cab^and 
economic of use of oU-flUed cable for 60 kv. or 
preliminary studies had 
most Mionomlcal cable for given 
set of conditions would be determined by 
ehmes lather than by first cost, and thla led to 
decifflon to extend investigations in progress so 

^**‘**“- 

o 5 iiy» 


describe addlttonarderalopmeiit 
SLi?£SI^® ?•“* “»* y®» been 

^11^? iprsee: Mtlcle Is sequent 

JKSRS..b7 wme a^ors 


Baie^ 

complete summary of 

olSral BlS^S • d^SSTby 

Circuit Breakers 

tenelqji de rupton 
des disjoncteura aufluence of 
Wave Form on Performance 
^_Oircmt. Br«»Kcr8). J. Kopellowitch. Assam 
c^^fon Blecfriclens-^Bu/,, vol. 22, no. 

1J81, pp. 312-317, 8 figs. Oompara- 
values obtained in oathode^^ 


ne^orEJ^dfotStTithlX^^ 

of Brown Boveri, Baden. Bibliography. ^ 

Gocks 

; in;ECTMC...meetelc_ CMocta, P. Hope- 
Ai Press, 1981, 261 pp., 
*• ffd. Combination historical 

ot electrfc dock; 
Bala*8 patent of 1840, 
describes and criticizes efforts of sue- 
IHustrates steps that have 
accurate devices of towy: numer- 
sSc.^IK^Y^'* *e nstfolnese of bdL bSb. 

Cond^isers 

dfptcaftoNovs. 


Dielectrics 

^4. Obemlcal Oonatt- 
tntion, 8. O. Mpi^n. Bell Laboratories Ree», 

ItonScSSldVV pp- « to. 


Diesel-Electric 

JfOWBR PLANTS, AUTOMATIC. The 
PrM^t Podtiem of the Automatic Di^- 
Blectrlo Plant, B. J. Kates. Mech, Bnq., voL 
S J®- d' 1931. pp. 826-528. 2 figs.; 

!2? 78. no. 26, June 23, im. 

^ wor before Ani. Soc. 

SiSl* todexed from Advance 

Paper, for mtg. June 23-26,1981. 

PLANTS-COSTS. Report on 
Oil Engine Power Cost for 1930. Am. Soc. MecA 
for mtg. June 23-26, 
IWormation covering 81 oil-engine 
“8 engin,,. 

Electrical Engineering 

l!???®? Conference. Enaineering, 
3413. Jime 12, 1931,jp. 773. 2 figs, 
of International Oonfermeeon 
Large High Tension Systems will tSce place 
^ re^ts^ fo?fiSS 
mg sublets ’^l be presented: study of be- 
harior of transformer and other insulating oils: 

^ circuit-breakers; parallei 
operation of power plants; Investlmtton of 
reactive power; grounding of 
neutiala: hfeh-tenslon Irisulatore 
tension underground cables. 


rroviaence, R. i„ 
Libraries Assn., 1931, 156 pp., $1.60 
List of references, ^thout annotations, bom 68 

Electric Discharge 

SS&‘«Ww' 1 !X 4 -SS« 

e/eWrScA? Mes5J5rimrf« and 
Hochspannungsiechntk der Tecfmischen Hochm 
^hulp Br^nsch^ig. vol. 1, 1081, pp. 1-12. 

distribution; general ^±am 
^nditions and their appUcatfon in calcula^n 
for various positions and edge angles. 

iSwtognS^f^ of thyretron. 

Electric Drive 

BLOOhmo MILLS. Algoma Steel Oor- 
Modern^ Rail Mill, A. P. Keny^. 
^(5? Plant, vol. 10, no. 6, 

1®31, pp. 408- 
aSr Steel 

Electric Light 
nuuiy fac^ 'toTOlVef' in* 

^ Wdllist foTMi 

proving sedng are relatively few compared with 
wose avitijAble to seeing specialist; among 
^esA Quanti^ of lisht. or foot^^dles, Is^ 
far most effective for umvarsal application. 


Transmitting 


Electric Manufacturing Plants 

Use of Pormulasand Charts 
Stegemerten. Facioiy 
82, no. 1. July 1031, 
PP*, 62-66, 4 figs. Oompllatioii of set of time 
JaWes by Westinghouse Eleotilc and M^- 
facturing Co., East ^ttsburgh. Pa, 

Electric Power 

ElecWcal Home Service, E. B, Hoadlev. 

^9®* 2795, June 19. 1981. 

p. 1028. Practical conunent and ejmerience or 
consumers Mint of view on cost cd service; 

JKiec. Assn. 

Electrochemistry 

Method for Determining the Change in 
Transference Number of a Safi with OtoSe in 
^ Moving 

Boundary Method. E. R. Smith. U. S. Bur, 
vol, 6, no. 6, June 1981, 
^Iween solutions 
or same salt at different concentrations are 
volumes through which Junctions 
passage of known amounts of 
SiiSrSS?^method was tested for 
boride* ^*^blum, sodium, and potassium 


Electrolytic Oxygen 


Benewttog .toUon to 


Engineering 


relationship, oo- 

2", CIVILIZATION. Tech- 
nology and Material Progress, W. R. Whitney. 
Gon. Elec, Rev., vol. 34, no. 7 Julv 
^ before Am. 

preTlouely Indexed from Science, 

Engineering Education 

w5.fi*®"" 1 ^,5. ®“8ineortng. Indnstry. 

SSeSSltodwt^.**^*®** f“ Ai- 

Engineering Ethics 

A New Code of Ethics Needed. Ena Newsm 
26. 193L S5. mi 

tlon may also needto come up for constc^M^ 

Furnaces 


otokUn«^a^7^5btar5SSlSS“iSd"M 

ramac(^are capable of meeting most eub^ng 

Economic Operation of 
Electric Ename^ Furnace, A.’M. ^ung^ 


V/, no. zo, June 20. l9aT 
pp. H68-1170, 1 flg.' DJflerMto Of Sarly fi 
P®f bi net rat^or furnace energy from one 

month tA TiA-rt woo HtoAisNcAHKl. one 
































Ptirnaces,^voL 9, no. 7. J^y 1931. pp, 

3 flgs. Stirring of me^ and its control anct 
poirar density of large and nmnii furnaces. 

MF^CTORYMATEMALS. Refiractonr 
Materials for El^tric Furnaces—III, A. B. 
Searle. Metal Jindusiru (Lond.)t vol. 38. no. 23, 
June 5.1931. op 569-571. Nldcel and its lUloys. 
todud;^ ntekel>cliromiuni alloys and nickel- 
^yer; fact that nlekel has mdting point of 1.452 
deg. ^nt. mi^es it necessary^ employ, as 
materials for lining furnaces, those of greater 
ref^tormeffl than ones used for copper and 
lead and their alloys. 

Befractory Materials for the Induction 
Furn^. J H. Chesters and W. J. Bees. Iron 
lOt Jiiiy 1^1. 

pp. W7-348. Paper before Iron and Steel Inst., 
pre^usly indexed hrom Bsgineeriikg June 12 
and 26.1931. 

smimanite as 

Mater^ for Furnace Covers. M. F. Sommer. 


wiuuuuubo la muca more expensive r»n<vn 
8ill(». and durabiUty imder most favorable 
“ about same; no e'ridenco was 
forthcoming which would lead to belief that 
through improvements in process of manufac¬ 
ture of either sillimanite bricks or of cover 
siUimanite clay, increase in 
durabinty might be attained which would even 
approximately correspond to price ratio. 


M^NTENANCE AND REPAIR. Organlz- 
Plant Operation and Maintenance, 
•* ®* Hydro-BUc, Power Commis- 

ston ofp^qrio^BuL, vol. 18, no. 6. June 1931, 
pp. 190-200. 5 ags. Value of service shop; 
<)i|^nizatlon chart and proposed 

generating 8tati^:'^^tie8^<^^>^Sn|^6tefl! 
preparing maintenance schedules: reducing 
ana costs: example of detailed Job for lermding 
a large g^^tor; assembly of several indivkhuu 
job schedule sheets covwlng majmr repair on 
large unit. 

NEW BRUNSWICK. The Economics of 
Power Pitot H. G. Acres. Contract 

8 llgs. Brief description of plant, for^dmunds- 
tto, N. l,05<^hp.. high-speed, propeller- 

farpe. vertical turbine, d&Mt-connected to 
1.000-kva., S-phase, 60^ele, 2.300-volt. 240- 

STORAGE. High-Head 
8? Enai- 



Generators 

PAMLjLEL OPERATION. Bo.exclting 
Load^ Mtemators in Parallel with Others. 

D. D. Higgins and B. Wild. Power, vol. 73. 
no. June 30, 1931, pp. 1041-1042. In order 
to establish reasonably ^e operating procedure 
for such emergencies and one that reestab¬ 
lish normal conditions Just as soon as possible, 
authors have collected data on experiences and 
statements for various soiuces and have deter- 
toned. by tests, behavior of large units under 
abnormal conditions. B^re Am. Inst. 

Elec. Engrs. 

1 Gtoerator Voltage Begu- Lifflitilitf 

JSSfl fiorona Tube, H. W. Do&and oTh. "»g*I™g 


emloy power from exis^ plants, which fe now 
suffered to escape In sia^ periods, to generate 
cmrent whl<A is to be transmitted to plant at 
Sillre, tiiere to pump water up into storage 
reservoir. 

Insnlators 

_ manufacture. The Manufacture of 
Porcelain Insulators. Engineer, vol. 151, no. 
8935, June,12,1931. pp. 65M59, 6 flgs. Plants 
of Buyers, Ltd., at h^lton and Tipton, England; 
manufactmlng process tod equipment; research 
work carried out by Obmpany: every tsrpe of 
insulator used in olectrlcal industry for tele- 
granh and telephone work and for power work is 
made in Company's factories, including cap and 
^-type insulator strings used for 182-kv. grid 


World, vol. 98. no. LJuly 4,1981* 
pp, 25-^, 4 figs. Oharacteristlcs of corona dis¬ 
charge tube make its critical voltage i^table for 
^ constant element in regulator; fact that it 
regulates to constant peak volt^e rather tha-n 
constant effective voltenge is not serious dis¬ 
advantage. for variation of wave form with load 
is not appreciable and there thercffore be 
tonstant form factor. Before Am. Inst. Elec. 
Engrs. 

STOCmONIZlNO. Correct Generator 
Synohrmiizing Insured by AxudUary Control, 
J. Auchincloss. .Elec. World, vol. 97, no. 26, 
June 27,1931. p. 1214,1 fig. Auxiliary switches * 
on generator breaker control prevent faulty 
closing; wiring dlagr^. 

Limitations in S 3 nichronizlng. H. S. Baker. 
Hydro-Elec. Power CommUsion qf Oni.—Bul, 
yol 18, no. 6, June 1931, pp. 20M20, 23 figs. 
In hand synchronizing, limitations of spe^ 
cufference tod phase differences at moment of 
closure are learned in very crude mtoner: with 
automatic mchronlzing it is possiblo to set 
ftboye speed difference and phase difference 
limitations to knovm values; obJ(^ of paper is to 
determine in rational manner values of these 
limitations in order to be able to make neces- 
sw adjustments to automatic 8 ynchroni 2 dng 
devices^ 

Hoorer Dam 

CONSTRUCTION POWER LINE. Bwh- 

^ Hoover Dam Site, 
B. H. Halpenny. Eng. News-Rec,, vol. 106, 
no. 26, June 26, 1931, pp. 1054-1057, 5 flgs! 
Bugged desert country crossed in 225 daysby 
225 mi. 132 kv. transmission line from San 
Bernardino, Oal. to serve Hoover Dam con¬ 
struction activities digging 7 ft. holes for tower 
bases: fw etectore and two helpers fabricated 
earn 52-fb. tower piece by piece from groundup; 
stringing three conductors at same time. 

• 

Hydroelectric Plants 

®?r«CT. Drought of 1980 
l^tB Bower Load to Steam Stations, G. T. 
Bogard. Southern Power JL, vol. 49, no. 6, 
June 1981, pp. 34-38, 4 figs. FoUowing three 
artides outime power generation dmoulties 
merienced in south during 1930: Unparalleled 
Water Deficiency Seriously Affected Even 
Stw Stettons, G. T. Bogard: High Steam 
Eleotito Capacity Solves Drouth Problems in 
West Virginia, G. Ellis; Excdlent Maintenance 
Stood Virginia Syrtem in Good Stead. M. Oiu^ 
prinelpd generating stations ya of January 1, 
1931, Htotuc^ U^tieft^mpany and Appa- 
laddto Elecmc Power Company; records of 
P°^®® output for 1928, 

1929 tod 1930. 


* Environments. M. 

Luckiesh. Mech. Eng., vol. 53, no. 7, July 1981, 
PP* 514-518. Light and color Itmdamenl^y 
aesirablo and powerful influences upon happi¬ 
ness; colpr schemes for factory intmors and 
machinery; etonomlo value of pleasant environ¬ 
ments for workers. 

^ INDUSTRIAL. Good Lighting is a Good 
toyestment, H. Chase. Iron Age, vol. 128, no. 2, 
July 9.1931. pp. 84-87.3 figs. Uniform illumluar 
gon Mthottt glare or deep shadows is unques¬ 
tioned aid in economical production work; 
examples show how properly designed system 
may result in enough saving to pay for equip¬ 
ment in less than year. 

MOTOR BUS. Lighting Motor Burn wd 
Ooache*. Ha. Gar.^oX 68, no. 1, July 8,1981. 
pp. 19-20, 4 figs. Details of dynamo designed 
to give 12, volts, 25 amp. from 1,500 to 4,000 
r. p. m.; drivers switchboard; lighting controls 
for Bwitchboaid and interior Ughting. 

. SHIP. Pivoted Sbto Sidcdis^t. Engineer- 
Mg, vol. 132. no. 3416. Jxdy 3, mi, p. 28,3 figs. 
New liglit introduced by J. Stone and Co.. 
Deptford; sideli|^t is «uled stirrup li^t, as 
control is entirdy effected by sfaigle stirrap- 
shaped handle. 

I^RJWT. Street. Lighting • and Traffic 
Accidents, K. M. Bold. Elec. World, vol. 97. 
5®. 26. Jtoe 1931, pp. 1186-118^, 3 figs. 
Anaiysto of Police deparianent records of Cleve- 
tad, showM that traffic aocidento in winter 
dusk exceeded midsummer's fToquency; what 
80<^ lishting system has accomplished; relation 
of l^png to fatal tn^c accidents; fatalities 
on Steto roads in relation to lighting; Indiana 
h^way fatalities. Before Am.Toc, Mun. 


umTS. The Waldn^Burgees Standard of 
Light, H. T*. Wensel, W. F. Boeser. L. E. 
Barbrow and F. B. OaldweU. U, S. Bur, 
StandaHs-^l. Research, vol. 6, no. 6, June 1981, 

S p. 110^1117, 4 flffl. partly on supp. plate. 

ource ot 1%ht suffimentiy reproduribie to serve 
to fundamental photometilc reference standas^ 
has been obtained by carrying out in original 
su^estion of Waidner and Burgess to Imznerse 
hollow inclosure in bath of molten platinum tod 
to make observation during iteriod of freezing. 

Lamps 



standardisation; manuftotinfaigmethods; ^ects 
of small variations; uniformly M life: spiral 
filaments. Before Assn. Supervising Elec. 
Engrs. 


Measuring Instruments 

New Develops^ts in Electrical Measuring 
tod Auxiliary Testing Devices. JVoi. Elec, 
Light Assn.—Pub., no. 128, June 1931, 48 pp.. 
148 figs. Information concerning such derices 
and improvements which have been made avail¬ 
able during year. 

Meters 

Direct OurrentMeters. S. B, Warder. Etecn., 
vol. 106, no. 2769, June 26, 1931, pp. 941*942. 
4 figs. Oharacteristlcs of ampere-hour and watt- 
hour meters. 

SPECIFICATIONS. Summary of Public 
UtiU^ ponuuission Buies and B^mlations for 
Electricity Metw. Nat. EUc. Ughf Assn.- 
Pub., no. 132, May 1931,20 pp. 

WATT-HOUR. Watt-Hour Metera, E. 
Fawss^t. ^ Elec. Rev., vol. 108, no. 2795, 
Jvm 19,1931, pp. 1043-1044. Latest Induction 
watt-hour meters wre compared with those of 
few years ago, while there is no outsttoding 
cb^e to r^rd, there has been distinct progress 
in dernU and In performance. 

Les comptours Electriqnes a (Mer¬ 

cury Watt How Meters), V. Neveux. Industrie 
Blectrique, vol. 40, no. 936. June 10. 1931, 
pp. 2to-26l, 13 flto. Meters using mercury as 
low-Mction material for pivoting; type of Fer¬ 
ranti Oo., Ohamberlain, Hookham, Oompagnie 
pour la fabrication des compteurs, and Sto- 
gamo Electric Oo.; applications. 

Su mma ti o n Meters and Some New Appli¬ 
cations—1. O. W. OlUver. Power Engr„ vol. 
26. no. 304, JiUy 1931. pp. 270-273, 5 fi^* 
Review of some modern summation equipment, 
with particular reference to their application 
to power station and other mechanical 
requirements. 

Motor-Generators 

Sur la regulation directe et les difficult^ 
entealno son etude (Direct Regulation and 
Difficulties in Its Analysis), BarbilUon. Reoue 
de L Industrie Minerals, no. 260, May 15, 1^1, 
pp. 171-186. 13 .figs. In more general previous 
study (see Engineering Index 1930, p. 624), it 
was assumed that proportionality existed 
tween terminal voltage and variations in angular 
speed; in present article, application in cases 
of temporary disturbances Is TnA.thAniA.Ui^iiy 
analyzed and some new approximately exact 
methods of calculation are given. ^ 

Motor Tracks 

ELECTRIC. Blectelc Trucks, ffca. Elec. 
Ltghi Assn.—Report, no. 138, Jime 1931, 12 pp.. 
10 to. Degree of electric truck use by electric 
utilities; application to transportation work; 
toccessful tiiick designs and battery combina¬ 
tions; data tod opinions gathered fix>m oiierating 
companies. 

Motors 

BRAKING. Brakes for Motors and Their 
lioads, H. M. French. Power, vol. 78, no. 26, 
June 30, 1931, pp. 1024-1026. 5 figs. Large 
amount of data available on starting motors 
tod running them to suit particular application: 
lack of braking information; means of retard!^, 
stopping and holding motors under vtoious 
conditions of operation. 

INDUCTION—DESIGN- Theorle van den 
dubbel gekoppelden lek, in hot bljzonder bij 
draatetroom-kortsluitankermotoren (Theory of 
Dou^ Coupled Lo^ with fecial Befctrence 
to Three-Phase Squlrrol (j^e Induction 
Veen. Polyie^miseh 
Weekblad, vol. 26, nos. 20 and 21, May 14.1981, 
pp. 313-316, tod May 21, pp. 329-334, 15 figs. 
Theoretical mathematics analytds. Bn>- 
Uography. 

LAMINATIONS- Production of Motor 
La^atlons. R. L. Payne. Metal Stampings, 
vol. 4. no. 6, June 1931, pp. 481-480, 9 figs. 
Vovt different methods of preparing silicon steel 
in sheet form for production of motor lamina¬ 
tions tod equipment u^ for their production: 
scrap economy in ultimate production of lamina¬ 
tions lies in method of preparing sheets. 


Paper Mills 


p. 1189, 1 flig. By applsdng ^duronons ma¬ 
chines to motorization of dual-drive pulper 
equipment, Bogalusa Paper Oo. *of Bomdusa, 
lA., was able to advantage of p wer-factor 
dattses in purchtod energy contrtots and 
secure satisfactory operating pwformance. 
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Permafloy 


R<»e«jfches on the Rotation of Permalloy 
u MagnetlzaUon and the Nature 

of the the Elementary Magnet. S. J. Barnett. 
Am, Academy Arts and Sciences — Proe,, vol. 66. 

no. 8. June 1631.848 pp.. 46 


Photoelectric Cells 

Photo Cells and Th^atrons, L. J. Davies. 

26, 1931. pp. 

93^938. 8 figs. Growing importance of vacuum 
devices; elements of cell: properties of thyratrons. 

Power Factor 

^ ^^entary Discussion of Power Factor. 
J. Lee^>Port^. Can, Min, Jl.^ vol. 62. no. 28. 
June 1681, pp. 584>587, 3 Preliminary 

conmbutlon to question of power factor coi^ 
retrtlonj principles of power factor, which are 
^ men out^e those who have 
electrical engineering, in simple 

Power Industry 

IntOTMt Demands Utility Mer- 
EUc, World* vol. 97. no. 25, 
1180-1181. 4 figs. Oregon 
utlUtles Justify merchandising on gjoxmds^at 
consumers are enticed to marinminn usage at 
Sh i? evidence proving 
w^t^pnly through their activities has been made 
SS251Si,P^^ showiim average annual use of 
ei^tricity i>er domestic customers. avCtaire 
rate per domestic kw«hr., average annn^i kw-S. 
use per domestic customer and decrease in 
average rate per domestic kw-hr. 


Power Plants 

STEAM ■ELECTRIC. Foreign Develop- 
ments. JVtrf. .E/ec. Lioht Assn,—-^b,* no. 181 , 
ffoneral, trend of 
■ development is toward higher 
proisures and temperatures; American vlewrolnt 
of^Ihuop^n situation Is presented in ooi^^te 
stotemeig of several engineers who attended 
yorld Ppww Oonfereuce. Berlin; peak-load 

gS^on; trS^f®dOT3o?iiente^“cS^ 

SjgSffirffc&sss;^ 

ffoharlott^burg powe?statiom^^^grapb^^ 

Power Supply 

NEW YORK OiTY. The Power Behind 
York—II Pouvr Plant Eng., vol. 35. 

no. 13. July i. 1931. pp. 702-707. zdgs. Pelt 
tin^ of system operation; analy^ anfappUca- 
tion of load curves; factors affecting systSa 
^eratlon; determination of increm^^ rates* 
fr6quen<qr and voltage r^ulatiou. ’ 

HlIltAl,. A B^rt on Pjma Bloetriflcation 
Bejeej^ C^nit«(!e «n Jfatoion ElectricUg to 
Agricutiur^Bul,, vol. 6, no. 1 , June mi 
tSnSPww*?Investigations of dlffSent 
t^gs whidi have been commcted; analysis of 
devtiopment; mirior econon^ and 
electricity may 
program tor continuation 
or research Mtivities; mvestigations under wav 
and^posed; work done and need tor SrS 
investigations in that paiticulip^fiSd. 

Pumping 

LINES. Electricity 
Tronspoijation of Oil. G. R. Prout. ^ 
and Gas J/,, vol. 30. no. 2 to 4, June 4, 1981 
<8app.) pp, T99 an<i TlOl. 7 Ogs. Bo^ew oi 
5S5K2? tendmcy towards use of eleSrfc 
line pumping; gathering Une 
SSigSH^ ™ work: advantages of aul^natic 
iSn2SS?iiu P^esel electric pumping stations; 

Unif 


«wt«na*aujr W UUW AlWOmieo, 

in cential and southwest 



^ Oklahoma 
™e booster ^tlans are all 


motor. doUTaring sSo Ip.; nomS 
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*??y g*^re 104 provisions lor air 

clnnilation and hot air disposal. 

Radio 

Considerations Affect* 
of Aiiwaft Wireless Equipment. 
McDonald. Roy, Air Force Quarterly* 
vol. 2, no. 2, Apr. 1981. pp. 268-269, 4 ftgs. on 
®np^ plates. IteUabilitv and type of apparatus 
tor sign^g between aj&craft m flight be¬ 
tween aircaraft and ground stations. 

Teinp^ture Rating of Engine Driven Air- 
Ra(ho Generators, O. B. Mirick and H. 
Wukle. /n«/. Radio Engrs. — Proe.* vol. 19, 
no. 7, July 1931, pp. 1175-1181. 11 flas 

Previously described methods of temperature 
measurem^t and computation are applied to 
engine driven aircraft radio generators In flight; 
oteerv^ and computed heating curves mre 
sho wn_ from which emission constant for t-hfa 
type of machine hsa been derived. 

i> Audio Power From 

Relatively Small Tubes, h, S. Barton, /naf. 
Radio Engrs, — Proc,* vol. 19, no. 7, July 1931, 
by which audio 

outputs 6 to 10 times usual output of tube of 
giv^ si^ may be obtained with same plate 
voltage, average plate dissipation, and 

no smoTU effects on tube; results are obtained 


' unplj 


NotaonBa<lioFr-,____ 

led Oircuit Tlioory, J. R. Nebon. Inst. Ra<^ 

12^^1, 4 flgs. Equations consider!^ effects 
of output and distiwuted capacities and pri¬ 
mary resistance are developed for radlo-fre- 
ewency tra^ormer-coupled amplifiers using 
either tuned or untuned primary; these equa¬ 
tions we transformed to such form that they 
be compared with well-known equations 
imtiined primary neglecting ou^ut 
and distiibuted capi^ties; equations for xm- 
tuned primary are verified experimentally. 

A Maximum 

^pUfication in Oamtclty-coupled Circuits. 
T^i 5Secfroni«, vol. 3, no. 1, 

^ily 1931, pp. 20 and 42. 2 flgs. In analysis 
giv^ two approximations are introduced 
and neither of these is believed to be 

appreciable difference in any ordinary 

ANTENNAS, SHORT WAVE. Theoretical 
and ^actic^A^ects of Directional Transmit- 

Ptoc,* vol. 19. no. 7, July 1931. pp, 1184-1216, 
19 figs. More important prlndpfes Involved in 
development of dvectloi^ transmitting anten- 
£^SiS?* employed in Bell mtem short- 
rattles; theoretical performance of 
weson^ by means of various 
curves which have been obtained by integrations 
Poynting’s theorem; various prac¬ 
tical proDlems In devdopment including antenna 

wfil*^^F!J®r“TIlNING. Tuning by Perme- 
abiUty Variation, R. H. Langley. Electronics* 
vol^, no. 1. J^:i^931. pp. 8-10.^ flgs. Results 
Polydorff stumes and experiments by 
which is attuned that variable air condensers 
ft'PO replaced by iron cores inserted gradually Into 
^^^9*/*^®3nency transformers; curve showing 
^pliflcation and selectivity of screen-grid tube 
^^^Iron core transformer; simple analysis is 

of Single-Layer Colls.” A. J. Palermo and F. W. 
Grover. Inst. Radio Engrs. — Proe,* vol. 19. 

}5?:“89k 


on a-c. resistance of solenoidal colls by 
8, Butterworth. which were overlooked in 
paper; t^nlated results show 
for toUs measured, Butterworth s formula 
gives best agreement with measured values in 


Experimental Wireless* vol. 8. 
no. 94. July 1931, pp. 366-361, 6 flgs. Object 
of Investigation was to obtain information about 
frequency variation of thermo-junction mllU- 
ammeters; tebe rectifier mlUlammeters was 
specially designed for purpose of inter-oompari- 
son of thermo-junctions investigated and 
vacuum tube instrument. 

OSCILLATORS, PIEZOELECTRIC. Per- 

ton^ce of Piezo-Osciilators and the Influence 
of me Decrement of Quartz on the Frequency 
Osc^ttons. M. Bo^. //wi. Radm E^, 
Radio Engrs. — Proe,* vol. 19. no, 7. July 1931, 
pp. 1^2-1273, 21 flgs. Performance o? 
oscillators of usual Pierce circuits is treated, on 
curvM of quartz and with 
help of vector diagrams; Influence of decrement 
of quartz resonator on oscillation frequency is 
exammed; study has led to arrangement which 
pwmlte quartz to oscillate in proximity to its 
fre^ency of resonance and to r^uce thereby 

N“otes on Radio Trans- 
mlaslon, O. N. And^n. J^si. Radio Engrs.— 
Proe., v^. 19. no. 7, July 1931, pp. 1160-1165. 
16 flgs. Oo^derable data on radio transmission 
SSX? obt^ed past few years In connection 
with establishment and operation of various 
radio-telephone services by Bell Ssrstem; pur- 

°to“r 

nances accompanying storms in earth's magnetic 

Tuning by Permeability Varla- 
riSS? Sio?' Electronics* vol. 3, no. 1, 

8-10, 2 figs. Results of W. J. 

experiments by which is 
variable air condensers are re- 
(»res inserted gradually into 
transformers; ciurve showlnir 
^pllflcation and selectivity of screen-grid ^ 
eere transformer: simple analysis Is 

KaOroad 

SIGNALS. Com- 

59*^ YIU-—Alternating Ourrent Automatic 
Stoillng W P. PoUett. 

» (^Signal Sec.)* vol. 28. no. 3. 

^P* ^87-490. Sp^ifleatioas covering 
appa^tus for Ughting arresters; ’ 
and oil-immers^ self-cooled line transformers. 

Ou^t Automatic 
Block fflgnaling. E. N. Pox. Am. Ru. Assn ,— 

^Jondensatlon of moisture an<i 
ftpst on signal apparatus; direct 
current track circuit test record; plug type rail 
connectora;^l^oM! 
connoctot: relay contact 

Il'‘'toS15ibS£?*"? SIONA*-*- Oommlttee 
^ssn.—Proc. (Sig- 
ml .Ser.}, vol. 28. no. 3. June 1031, pp. 501-506. 
Oar retarder system; electric motor switch 

wjtem; centralized traffic control machine; 

InterlocktaS loTor 

ELECTRIC CONTROL SWITCHES. The 
^^*mneteff Electro-Gravity Point Mechanism. 

voliSS. no. 617. June 1931. pp. 214- 
^5, 5 ngs. i>artly on p. 224, Details oiffiratem 
4 North Eastern, lyhereby 

Direttissima 

Railway and the Great Apennln Tunnel. 

8936. June 19, 193L 
^.8®* Route has length of 97 km, 
vrito double track; nuudxnum gradient Is 1 in 83; 
stetions are ^pable of aocommodUtting' trains 
longest tunnels are Great ApeSn 
2553*^4%^^ Adone, 7.136 m.,^d 

longest viaduct Is at 
0^ oI 20 m. span; 
of driving tunnels; 


DETECTORS. H’lgli l^vel Automatic or _ 

detection charocterlstics; calculation of rectiflod 


ujrucbuuw vAuu-aviierJSiiics 01 lypicai 86lZ- 

bias detector; rectification carves of 27 detectors. 



yol- % Pt. 2, July 1931, pp. 156-16^ 4 flgs! 
Di radio department of Britiw Post Office, all 
rreqi^cies are measured by reference to har- 
fr^uendes of tuning-fork maintained in 
R^o lal^ratories at Dorns Hfll, Lond.; this 
can be regarded as Post Office standard 
preSS?SS^ temperature control; 

MEASURIira INSTRUMENTS. Thermo- 
Junctions at High Badlo-toequencies; F. M. 


E^CTRinCATION — LACKAWANNA. 

^ckawanna Rai^. N.Y, Raitf^ad ClS^ 
7' 1®31, pp. 9626- 

9660. 18 flgs. S^nposium of papers: Lacka- 
jrai^ SuburbanBlwtrlflcation In New J^^ 
BlectrlficatimiS 
La^wa^ R. R., J, L. Moroland; MorimS 



Commit¬ 
tee X—Slgnaltog Practice. W, M. Post. Am! 

A 
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(Sianai Sec,), vol. 28. no. 8. 
Jwe 1931, M. 455-479. Automatic train con- 
signals: requisites for cen- 
l^ilzpd traiBc control system, automatic block 
signal system and interlocking system. 

Rectifiers« 

Jfl*® Jet-Ware BectUer; 
^ Account Of Its Oonstructional Dev^opment 
Ye^ 1919-1929, no. 24, edlfed by 


“"’jT* ^ yinunelskaftet b^s, ivoi, .»w pp., 

figs., dki^., 30 kr. General principles; jet; jet- 
wave; hydrodynamic circuit; magnet; aiudlis^ 
elective; main electrode I; rnain electrode TI: 
complete rocker; rectifier plant; this reseu’ch 
work has undeiM^en with view of developing 
^ jot-wave prin- 

♦ J^tory of this principle and of its develop¬ 
ment before and after 1919 is given in append!^ 

^ Automatlcally-Con- 
uoUed Rectlfler on Uie London TJndeiground 
^mway. Engineer vol* 152, no. 3938, July 3. 
r?%* J RoctWer installed by 

^ Hendon substation of London 

six-phsM excitation, and 
accurate temperature control. 

2794, June 12, 1931, pp. 

He<»nt developments in their 
appheation to heavy-duty work. 

Refrigeration 

Electric Rtfrlgerators and Electric Rofrlgera- 
rion, O. H. Roe. Ice and R^rig,, vol. 80, &. 6, 
1231* PP« 473-474. Advent of electric 
refrig^tors stimulated refrigeration Industry: 
impor^ce of information on performance aim 
co^: stimd^dization of household refrigerators. 
Before Nat. Electric Light Assn. 

Resistonce 


.W-. uv. Au, xvoi, p. J.X/Z. rests 

were made recently on st^ tower Une located 
where c^h for some depth consists of sand and 
gravd;four tower legs, which form 15 ft. square, 
are buried directly In ground and each toww 
Carnes two three-phase, 06-kv. circuits; results of 
various measurements are gdven. 

Substations 

. Automatic Syritebing 
Equipment for Motor-generator Sets at the 
Worlcs of the Youngstown Sheet 
pomim-ny, O. M. Myers and J. H. Graft, 
7, July 1931, pp. 

’ 7 Oont.r^ imbstation was erectod 
In 1926; in selection of switching e^pment for 
motor^onorator sets; locationfor equipment: 
attendants available; importimee of maintofn- 
• Ing continuous power on all feeders: slmDllcitv 
^^® ^Ptnent; iustifiable cost are to be coii 

DESIGN. Meeting Space Limitations in 
Urban Subetotions. Eiec, World, vol. 97,no. 26, 
June 27, 1931, pp. 1224-1229. figs. Various 
ba^c pim^ples of design affecting (^ace allo¬ 
cation and number of detailed features of 
economic treatm nt in equipment placement 
bv powei^^mpanles in eastern New England are 
cited; toblo showing clearances according to 
cpwating voltages; used by Boston Edison Oo. 
station engineering department. 

^^tion Expansion Typifies Economy of 
Designing for Fnlmre Requh^ents, A. Smnek 
vol. 66.no. 7^une 1,1981. pp. 610- 
fill, 3 figs. Detiim features of termhuS sub- 
sto^ns^ Puget Sound Power and Light Oo. 
Seattle, Wash. 

Switchboards 

^ SUPERVISORY CONTROL. Miniature 
Supervisory Opn^l Gives Creditable Poiv 
formant, R. M. Stanley, BUc, World, vol. 98. 
no. 1, July 4, 1981, pp. 22-25, 2 figs. With 
D^niaturo switchboard operator is at all times 
closer to Indicating instruments, control 
switches etc., and can give better and closer 
supervision to operation of equipment, resulting 
Ito^etter voltage control, frequency control and 
divisiou of load among generating units; there 
is i^eat saving in time during regular operation 
and humaik error is largely eliminated. Before 
Am. Inst. Elec. Engrs. 


Switchgear 


low-tension witchgear to be Installed on cus¬ 
tomers premises. Before In.stn, Elec. Engrs. 

Telephone 

._ automatic. Common Control 'System. 

J/., vol. 24, pt. 2, July 1931. po. 125- 
}^h ? Oomumn Control Systein^nsi- 

detached groups 
arranged to control 
number of svdtdies; to swltchestoemsolves are 
required for full dura- 
^n of call, plus one relay that serves to link up 
mth common control group duriug setting up of 

n Condensers, 

R. B. W. Maddiaon and S. Chapman. Elec, 
Communication, vol. 10. no. 1, July 1931. 
pp. 39-44, 3 figs. Production and proMrties 
paMr <tondenser8, no throxles of d^echrics are 
electrodes; paper; materials; impreg- 
nating medium; process of manufactive: 

Condensers; electric properties: 
capacity; power losses; life tests. 

Strowger Re- 
2r«/cpAone Engr„ vol. 36, 
no. 6. June 1931, pp. 30-31, 4 figs. Various 
methods used to determine mechanical adjust- 
horizontal relays together with 
reference tables governing these values. 

TRANSOCEANIC. International Tole- 
S. Osborne. West, Soe, Enqrs.—JL, 
wl. 86. no. 3, June 1931, pp. 148-160, 9 figs. 
SSES?' ^®scrlP<>‘on of apparatus and charac¬ 
teristics of its operation. 


Testing Apparatus 


HIGH TENSION. Htgh-Voltago Testing 
Equipu^nts, R. T. Norris and bTtV, Taylor. 

E/ec. Engrs,,—Jl„ vol. 69, no. 414, June 
1931, pp. 44-694, 26 figs. State of art of high- 
voltage generation, to assist intending pnr- 
high-voltage testing equipments in 
deddlng upon best typo of apparatus to install 
54 ??....*? most suitable technical 

<marectoristios, and to help owners and operators 
of oitisting Muipmente to appreciate possibiUties 
and liniitotions of their apparatus and thereby 
make full and efilci^t use of it. Bibliography. 

Transformers 

•TAP CHANGERS. Transformer Tap 
OhangUig on Load. Engineer, vol. 161 * 110 .3937, 
June 26, 1931. pp. 704-706, 13 figs. iVith view 
to meeting demand for step switches for pressure 
regulation on Load, Oerllkon Co. has utilizod its 
experience gained in connection with traction 
gear, and has evolved various l^pes of apparatus. 

VAULTS. Typical Construction In Under¬ 
ground Transformer Installations, J. D. Pease. 
South, Power Jl„ vo^i. 49. no. 6. Juno 1931. 
pp. 57-68. 3 figs. Construction^ features of 
three ins t allations of commercial and industarial 
transformer stations in underground rooms. 

Transmission 

la A-^. Power Tratumission Doomed? 
C. W. OUiver. Power Engr,, vol. 26, no. 808, 
June 1931, pp. 210-211 and 229, 2 figs. A-O. 
power transji^on was necessary evuT^posed 
by impoKubiUty of static truisformation; 
ro<^t progress, by remo'ring this obstacle, may 
well turn a-c. transmission lines Into reues of 
past; series s^toms; field of application of d-c. 
generatlM system; advantages of d-c. long¬ 
distance transmission. 

Transmission and Distribution 

Transnd^on and Distribution, J. R. Beard 
and J. HacUng. Xnstn. Elec, Engrs, —J/.,^vol. 
69, no. 414rJtme 1981, pp. 730-760. Rrief 
acTOimt of present-day practise In regard to 
v^ons component parts of tranamissron and 
distribution systems; subjects are dealt with 
under heads: overhead lines; cables; swltc^eUr; 
tianaformers; protection and controlVBlb- 
liography. 


comparison of time-lag curves or sphere gaps 
and nee^e gaps; method of finding effective 
distance from ground wire to cloud: suggested 
arran gements when two ground wires are used; 
extrapolated average time-lag ciurves for needle 
gaps in air; time-lag curves of suspension inan- 
lators, vdtli conductor positive. 

Trolleys 

Trolloy Bus as a lA>ad 
B^dor. World Power, vol. 15,.no. 90, June 
Question of sub- 
sratuting trolley-bus or motor-bus service for 
stoeet-car system; overwhelming economic 
ad\^t^es of trolley-bus servico; analysis made 
of supuflcance of street-car; load to electricity 

Tnrbo-Generators 

l^irbpalternator Rotors, W. R. 
Ntodham. World Power, vol. 16, no. 89, May 
« 375-376. OenenU progress in rotor 

con^ruction; influence of mechanical stresses 
on design. 

COMMERCE COM- 
MlSSION. Eugineei^g in Its Relation 
to Wie Interstate Oonimerce Commission, 
Afech, Eng,, voL 63. no, 7. 

1931, pp. 503-509. Creation, organization, 
^d duties of Commission; work of Its various 
biireaiu. including services of engineers in 
valuation, analysis of expenditures for equipment 
and extensions; examinatfon of 
spociflcations for locomotives, snfety devices, 
etc.; determination of suitabiuty of con^ners 
for transportation of explosives, etc. Before 
Am. Soc. Moch. Engrs. 


ssting 

‘Jtme Tubes 


Transmission Lines 


CONOTRUCTION. Oonrtruetton Methods 
|q Erectly Hydro 220.000-v. Transmission 
1^68, G, R. Greer. Elec, Canada, vol. 8, no. 8, 
Mw. 1931, pp. 10-17, 8 figs. OODStniotion er- 
perimice and methods on line Catinean-Toronto 
m Canada. 


StritdikW. H. Astbicry. Engineer, vol. 151, 
no. 3936, Juhe 19, 1931, p. 680. Discussion on 
rupturing capacity** of extradiigh-tension and 


TOWERS. , Transmission Tower Deito for 
Maximum Lightning Protection, L. 
Fortescue. Elec, Canada, vol. 8, no. 3. Mar. 
1931, pp. 1^23, imd 82, 8 figs. Design analysis, 
curves showing effect of ground resistance with 
surge at tower for two and three ground wires; 


^^SEARCil. Electronic Tubes in the 
Laboratory. Electronics, vol. 3. no, 1, July 1931, 
PJ?* ^2^ 4 figs. Symposinm of short notes by 
y* Calibration of Grid Gain 

Oonj^ls; Glow-tubes Check Operating Voltage. 
l>y Gray Telephone Pay Station Co.; Prog^ 
^ South Analysis and Measurement, P. I^en- 
delonburg, of Siemens. BerUn; Graphic Noise 
Level Recorder, by Bell Telephone I^Doratories. 

Wdding 

BOILER MANUFACrURB. BoUerMwiu- 
facturora Discuss Welding at Annual Meetii^. 
Boiler Maker, yol. 31, no. 6, June 1931, pp. 151- 
157. Application of fusion welding to construc¬ 
tion of boilers and pressure vessels discussed at 
^nv^tion of American Boiler Manufacturers* 
Association; charts summarizing production of 
steel boilers from 1919 to 1930 inclusive; smoke 
prevention conference committee; cost account- 
Jng committee report; auxiliary equipment; work 
of feedwa^ studies committee; report of weld¬ 
ing committee and discussion. 

HOUSES, STEEjL. An Arc-Welded Resi¬ 
dence. Gen. Bldg. Contactor, vol. 2, no. 7, July 
1931, pp. 33-36, 4 fl/m. Construction of two- 
story, rix-room dwellmg erected of arc-weld^ 
steel panels at Larcbmont, N. Y« 

Pira LINES. Progress Made in Electric 
Arc Welding. C. M. Taylor. Oil and Gas Jl„ 
2 to 4. June 4, 1931. (supp.) pp. 
T116-T116 and T118. 10 figs. Advantages of 
new welding process are explained by vice 
president of lifncoln Electric Co.; shielded arc 
produces wolds of high tooslle strength, ductility 
wd resistive to corrosion; greater welding spe^ 
is obtained. 

PRESSURE VESSELS. Fusion Wading 
^ Pressure Vessel Oonstaction. 
W. D. Halsey. Boiler Maker, vol, 31, no. 6, 
May 1931. pp. 125-126. Because of recent 
rapid development in fusion welding, American 
^cloty of Mechanical EnglQeer8*Boller Cod 
OoDimittee has in course of preparation, code 
coyeri^ use In pressure vessel construction; 
attltode of Insurer of such vess^ towards proc¬ 
ess, and procedure to be followed in apphdng 
coverage lor insUdlations of such character. 

SHIPBUILDING. Welded Machinery 
Foim^tions for Ships, G. H. Moore, Jr. 
Yielding Jl, vol. 28, no. 338. June 1931, pp. 172- 
175, 16 flfip. Paper b^ore Am. Weldmg Soc. 
previously indexed from their Journal. Apr. 
193X. 

Welds 

. S'????®*; ..'P'® Dlstribuaoa of StrMses 
In W^ded and Riveted Connections, W. H v- 
gaard. Ned, Academu Sciences — Proe., vol. 17, 
p. 6, Jimeig31.pp.^l.869,6flgs. Results of 
teats mMe at MaasachiuettB Insatnte of Tech- 
nology: fu n d ame ntals of method. See reference 
to paper indexed In Engineering Index 1930. 
p. 1^, from Issue of Nov. 16,1930. 
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[usfrial IVotes 


wiring where it is difficult to wrap the 
wire. It is made in % inch and 1 H inch 
widths, packed in roib. 


Carbon Brush Dimensions, to be Sim- 
plifled**^A eneeting of the standing 
oommittee in charge of Simplified Prac- 
tioe Recommendation R56-28, Carbon 
Brushes and Brush Shunts, was held at 
the office of the National Carbon Com¬ 
pany in Cleveland, Ohio, on July 28,1931. 
Those present represented manufacturers 
of carbon brushes and brush shunts, 
motor and generator manufacturers, and 
users of motors and generators. The 
committee voted to reaffirm all items in 
the present recommendation with the 
exception of brush dimensions. In the 
opinion of the members, a further sim¬ 
plification of din^ensions could be agreed 
upon by idl parties concerned within the 
next few months. The committee there¬ 
fore voted to hold in abeyance the publi¬ 
cation of a revised recommendation until 
the new list, showing a smaller number of 
brush dimensions, had been approved by 
manufacturers of brushes, and of motors 
and generators. It is expected that this 
will be done within the next three months, 
and will result in largely reducing the 
number of stock items catalogued by all 
manufacturers. 

The oommittee further voted to include 
in the revised recommendation certain 
additional definitions, together with a 
table showing the nomenclature recently 
^opted by the brush manufacturers to 
indicate the various standard types of 
shunt couneotions. It is also hoped that 
a further reduction can be made in the 
number of shunt lengths. Some of the 
manufacturers have already reduced the 
number of lengths from six to three. As 
soon as the necessary approval has been 
secur d from the various associations 
interested, the final revision will be sub¬ 
mitted to the division of simplified 
praotioe, which will then undertake to 
secwe the. written acceptance of the 
entire industry, in accordance with the 
regular procedure. 

Pittsfield to Build Largest Trans- 
fonuers.—The largest transformers ever 
built at the Pittsfield works of the Gen¬ 
eral Bleotrlo Company will be constructed 
for the Commonwealth Bdison Company 
;of C^oago and the Super Power Com¬ 
pany of Illinois as part of an order for 
more than $1,000,000 woiih of equip¬ 
ment.' Delivery of the 20 transformers 
mvolved is expected early in 1932. So 
Iwge are eight of the units that special 
drop-frame transformer oars must be 
bufit to them* The transformers 
will be used on both ends of a hew. 

. 22to,000-yolt transmisaibn line extending 
about ipp miles from Powiirton to the 
C^wf ord Avenue station of the Oonimon- 
wealth Edison. Company at Chicago. 
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For the receiving end, there will be re¬ 
quired four 67,500-k:va. power trans¬ 
formers and four 50,000-kva. regulating 
transformers. The power units, the 
heaviest, will weigh 491,000 pounds each, 
filled with oil. 

Ph 3 nsically they will rival other big 
units made at the Pittsfield works in 
recent years. They will be 30 feet high 
overaU, feet long and 19M feet wide. 
In addition to these power units for the 
receiving station, there will be four 
regulating units, of 50,000-kva. output 
each, somewhat smaller in size and 
weighing 146,000 pounds each. At the 
sending end of the line there will be four 
600,000-kva. units, weighing 406,000 
pounds each, and eight 30,000-kva. 
regulating transformers weighing 76,000 
pounds each. 

Large Switch Order to Delta-Star.^ 
The Pennsylvania Railroad Company 
has awarded the DeltarStar Electric 
Company, Chicago, a $160,000 contract 
for manual and motor operated dis- 
connec^g switches to be used on the 
railroad's extensive electrification project. 

New Cap Type Connector.—The W. N. 
Matthews Corporation, St. Louis, an¬ 
nounces the addition of oap type con¬ 
nectors to its • line of solderless service 
co^ectors. Matthews connectors are 
now made in two styles, the new cap type 
and the nut type. The following ad¬ 
vantages are olaimed for the new con¬ 
nector: There are only two pieces to 
handle; the clamping lugs are made of 
bronze; hard drawn copper wire instead 
of soft drawn wire may be used. Bad 
connections are eliminated; it can be 
used much more economically for heavy 
loads where twisting large wires is 
difficult; radio interference due to twisted 
tap wires becoming loose is eliminated, 
because positive contact is assured and 
vibration will not cause loosening of the 
connector. 

New Friction Tape*—The mechanical 
sales division of the B. F. Goodrich 
Oompa:^ recently announced the de¬ 
velopment of a new friction tape espe¬ 
cially designed for electrical use. The 
tape is s i m il a r to inner type patching 
material and practically vulcanizes in 
place after applied, making a solid oover- 
^ for wire. The tape is listed by 
insurance underwriters and is approved 
for electrical purposes as taking the place 
of both inmilAting material mid ordinary 
cloth tape, according to the manufacturer. 
The tape is so designed that it can be 
rolled length^e ^und electrical con¬ 
ductors, and is es^ially applicable to 
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Wire Rope.—Catalog, 280 pp. De¬ 
scribes the complete line of Roebling wire 
rope and wire for all puiposes. Wire 
tables are included. John A. Roebling's 
Sons Company, Trenton, N. J. 

Panelboards.—Bulletin CA-606-A, sup¬ 
plement, 8 pp. Describes new Square D 
shallow type convertible safety panel- 
boards with capacities up to and including 
100 amperes, 260 volts. Square D Com¬ 
pany, Detroit. 

Speed Regulators*—Bulletins 1101, 
1102. Describe ventilated and totally 
enclosed type speed regulators for use 
with constant torque and variable torque 
a-o. and d-e. ftactional horsepower 
motors. Ward Leonard Electric Com¬ 
pany, Mt. Vernon, N. Y. 

Metal Enclosed Switchgear.—Circular 
1916, 12 pp. Lists the installations of 
Westinghouse metal enclosed switchgear, 
includes photographs and descriptions. 
Circular 1899, 8 pp., describes this 
class of equipment in detail Westing- 
house Bleotrio Mfg. Company, East 
Pittsburgh, 

‘'Frog Leg” Type Armature Wind¬ 
ings.—Bulletin 2136, 4 pp. Describes 
this type of armature windings for multi¬ 
polar, direct-current generators and mo¬ 
tors. Such windings have been installed 
to date in over 600 units ranging in size 
from 60 kw. to 7,000 hp., totalling ap- 
proximately 400,000 kw, Allis-Chalmers 
Manufacturing Company, Milwaukee. 

n ^ 

Switchboards,—Bulletin 700, 90 pp. 
Inoludes specifications and design of 
Diamond **E” and Square D switch¬ 
boards and pwielboards. A detailed 
group of recommendations are outlined 
for dead front, live rear and dead front, 
dead rear switchboards and power panels. 
Diamond Electrical Manufacturing Co., 
1318 E« 16th St., Los Angeles. 

Insnlatois.—Catalog. Describes the 
complete line of Lapp insulators. It con¬ 
tains full data on eleotrical and mechan- 
icsd charaoteristios, together with sug¬ 
gested applications. Insulator hardware 
is also covered. The oatalog; 1 %? an 
automatic index 'vriiich enables the user 
to quicWy tod the product sought. A 
special section qn distribution and farm 
lighting cqtiipment <8 includ^. Lapp 
Insulator Company, Inc^, LeRoy, N. T. 
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A monster of modern transportation. One of a fleet of elec¬ 
tric locomotives recently placed in service by the New YoHc 
Central Railroad.* Six motors, give a continuous rating of 
S,025 hp. (S,500 hp. 1 hr.) and provide a maximum starting 
tractive effort of 66,500 lb., a 1-hr. rating of 41,800 lb. at 
S2 m. p. h.,and a continuous rating of 31,620 lb. at 24 m. p. h. 

—General Electric Co. Photo. 
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TESTS show that power-froqiion^y 
corona is of no value in damping trans¬ 
mission-line surges. (See pp. TOS-SOl.) 
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NEW scheme of "relaying with 
only two pilot wires instead of the usual 
four, materially reduces the cost of this 
type of protection. (Seepp.SH-^*) 
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Engineering foundation’s 

oJl symposiim, “Has Man Benoiltod by 
Engineering Progress,” is continued this 
month by a protest against the indirect 
331 bonus system. (See pp. 
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News section this month is renlote Ttttp 7 u u ^ 

with echoes tDf the recent A I E^ P heralded plan for sta- 

^ papws presented is sununarized PP-Sie-6.) 

•leo. (Se«pp.SSB-7.) 

T Letters received by the editor 

HE electrical cncinecrine profession b^wmf * month reveal inraeasing 
^ered a distinot Iom^ tS^leoent 

deaths of four of its noted mo^ ^ ensi- 

(Setpp,S4$^4.) e neermiF lee,-. 
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^POME of the mysteries of morcmy 
arc rectifiers are revealed in throe artielos 
by five engineers intimately conuoctod 
with their development and application. 
(Se9pp.788-$8.) 


SERIES of tests involving all 
stages of the disoharge oasts farther 
light npon the complex phenomena 
aseoMated with the electric aro as used 
in welding. (Set pp. 8S7-9.) 
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■ HOSE interested in electrio motors 
and their applications are referred to two 
articles on speoial designs of synohronous 
motors (see pp. Si4^ and 819~ss) and 
a third dealing with repulsion aturting for 
oapaoitor motors (see pp. 880-1). 


Communication piays an impor. 

^t ^ m power system operation as 
denioMtrated in a group of five 
artaoles outlinmg the fundamental re- 
q^mwts of power eompaj^tea and 
dobing the facilities in use on four 

^present tim 
mt efforts of SK power engineers and 
three oommnnjcationrtxperts of the Bell 

telephone system. (See pn. 
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-Arc Welding in 
Building Construction 


In this article are presented data obtained 
durinj the construction of the tallest build- 
ins erected to date using the electric arc 
welding ‘process. The outstanding advan¬ 
tages of this method of construction over the 
older method of riveting are (1) an almost 
complete absence of noise^ and (2) the 
reduced steel tonnage required. 

By 

P. N. N^NTHER Pwr. a Lt. 

Oo.. Dallas, Texas 


HILE electric axe welding has been 
used experimentally or commerdaDyfor more than half a 
century, its use in building construction expends 
only three or four years. During these few years it 
lias besi applied successively to small, then to large 
and still larger projects until now because of its economy 
and quietness it is beginning to find favor in many 
Quarters. 

Secause of its newness, most established building 
codes do not take cognizance of arc welding as a 
me1;hod of building construction. The first step in 
tills direction was taken by the Pacific Coast Building 
OfRdals^ Conference, which has included in its uniform 
bu il di ng code tiie authority to use arc welding and has 
set forth therdn the essential elements required by 
engitieeis and architects for working out dedgns of 
welded joints in steel beams and columns. A great 
many cities dnee have amended tieir codes to include 
anc 'wdding; most of them have based their amendment 
on. *1103 Padfic Coast Buildmg OfiSicials’ code. More 
ancl^ more municipalities are conddering the advis¬ 
ability of adopting arc welding on sted construction 
as a means of obtainmg quiet in the vicinities of 
Hospitals, hotels, schools, and office buildings; wherevs* 
it bas b^ used much satisfaction is evidsiced. 

The dty of DaUas, prindpaUy tiirough the efforts of 
local r^resentatives of wdding equipment manufac¬ 
turers, l^alized arc welding by ordinance in 1929. 
A-Cccw^gly the Dallas Power;;and light Company, 
recognizing an opportunity to promote the use of 

7rdm “BlecMo Ata Veb^pg In Building OonatrocUon,’’. (No. 31H8) 
eo toe jmMutodKt Uie.A; I. X. B. SovCh West DifMet meeMnd. Xanna 
Ofoy. M •> Oct. 22-^, 1981, 

OOTOBgk 1981* 



Nlneteen-itory arc-welded building of the 
Dallaf (Tex.) Power & Light Company 


dectridty in a new fidd and to <xeate a more livable 
condition for employees and ndghbors during construc¬ 
tion, conduded after thorough investigation' to xise 
welding in place of riveting in their new office building. 

This building is about 246 ft. high from basement 
floor to top of tank room roof, and is the tallest in the 
world to have employed tlfis process to date. It 
condsts of a nineteen-story main shaft (with base- 
mdiit) approxiinately. 100 x 100 ft. at the base, and a 
60 X lOO-ft. c6nn<rcting annex of two stori^ and base¬ 
ment. The main diaft is of modem desdgp having an 
offset on the fix>nt at the sixth floor levd and ^nn- 
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metrical setbacks on the two sides at the fourth and 
twelfth floor levels. The framing of this portion of 
the building conasts of 26 H-section columns at the 
base spaced approximately 25 x 25 ft. and creating 
four 25-ft. bays each way. The width of the fourth 
floor setback is one-half a bay so that the outside 
colu^ from the fourth to the twelfth floors are 
carried on beams in the fourth floor. The twelfth 
floor offset is also half a bay, leaving the tower from the 
twelfth floor up two bays wide by the ori ginal four 
long, or approximately 60x100 ft. The axth floor 
offset across the front is a minor one of only three or 
foOT feet and is carried by a second set of columns 
adjac^t to the outride row, the outride row stopping 
with the offset and the adjacent row extending through 
to the top. 

The second floor of the annex and the seventeenth 
floor of the main shaft are auditoriums. The second 
floor auditorium is spanned by fiwe welded Warren 
trusses approximately 5 x 60 ft. The sevaiteenth 
floor auditorium, which really is two stories high, is 
spanned by three 12x60-ft. shop- and field-welded 
trusses, which not only support the ceiling of the 
seven^nth floor but carry on thdr bottom chords 
the nineteenth floor and on their top dhords the roof, 
so that tire ninete^th floor has the truss height for 
story bright. The total wright of the steel is 1,170 
tons for the main building and 45 tons for the annex, 
■nie steri was fireproofed with concrete, all of the riabs 
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Sequent of operations: SHOP— 
Pistes C ore welded to seot D; 
p seatp is welded to column Ronse; 
lug E then is welded to column 
mnset Anally flange plate 0 is 
nS ^ R*® *®P .***'’Se of beam. 

I FIEjJ)—Bum Is bolted to lug E 
Jand SMt D, then is welded to 
latter; flange plate 6 is welded to 
column; Anally flange plate A Is 
welded to both beam and bolumn 
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Typical mediodh o| arc 
welding beams to Interior 
c lumnt 


bring of the pan and joist type poured on removable 
wooden form& The buildup is provided with heavy 
wind bracing in both directions. 

Since the success of welding depends upon the skill 
of the welders, the utmost care was us^ in apWring 
and training the mechanics employed. Each applicant 
was required to pass a rigid proficiency test before he 
was allowed to work. Only those welders whose 
sperimens broke down at or above certain minimums 
set up foir each type of weld were conrid^ed and then 
only provided their sperimens showed uniformity 
in str^gth and appearance. While a good and uni¬ 
form appearance in a weld does not of itself contribute 
toeetty to strength it is interesting to note that almost 
invariably the best looking work tests highest. For 
this reason a visual inspection is as effective as any 
other means yet devised, although certain 
and electrical metho^ now are being developed that 
no doubt some day will come into general use as an aid 
to the eye and sense. 

Welding equipment consisted of five 200-ampere 
portable motor-driven units of standard H^gign j each 
used by a single mechanic. 

The joining of the horizontal membm or a horizontal 




enlarged 

FILLET A 




fii ' 

L 


- .j 

□ 



^ SectlON R-R 




SECTION S-S 


Typical methods of arc welding small beams to 
larger beams and columns * 

"i5 tc? small bwms, and 

"I*” 
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member to a v^cal member was accomplished by 
resting one member upon and field-wdding it to a shelf 
.shop-welded to the oth«-. These shelves afforded 
not only a* rest for members until welding could be 
completed, but also provided location for temporary 
construction bolts which, together with the customary 
cables and tumbucldes, wa-e iised in erection. Addi¬ 
tional angles, I’s and gussets then were added and the 
necessary amount of welding, measured in inches, was 
applied to provide the required strength. Care was 
exercised in the location and arrangement of these 
aqpdhary pieces that as much of the welding as possible 
might be done, at the diop and that overhead welding 
might be held to a minimnm . Column splices were 
made by butting the ends togetha* at the field and 
addi^ splice and filler plates, then welding to the 
reqtiired strength. Typical connection details are 
shown in the illustrations. 

Most of the patinent data collected during erection 
is given in the accompanying tabidation. 


Arc-welding data for the Dallas Power & Light Company's 
nineteen-story building 


It 1 

m Descrlptlott 


Shop 

Field 

1* 

Electrode bought. 

.Lb. 

7,100 

4,650 

2 . 

Electrode melM (assumed 70%).. 

.Lb. 

4.970 

3,255 

8 . 

Biifrgy used. 

.Ew-hr.. 

No record 

9,460 

4. 

Total steel welded. 

.Tons... 

1,215* 

1,170* 

5, 

Welders’ time. 

.Man-hr. 

8,140 

1,768 

8. 

Total length of 8 / 8 -I 11 . fillets. 

.In. 

97,500 

56,415 

7. 

Total length of l/ 2 -lii. fiUets. 

.In. 

25,400 

17,842 

8 . 

Total length of aU flUets. 

.In.122.900 

74,257 

0 . 

Fillet per ton of steel. 

.In. 

101.2 

68.5 

10 . 

Fillet deposited per man per hour... 

.In. 

29.2 

42.0 

11 . 

Fillet deposited per man per 8 *hr. 




day.-... 

TftL 

26.18 

28.0 

12 . 

FlUet deposited per lb. of electrode 


bought. 

.In. 

17.8 

16.0 

18. 

Fillet deposited per lb. of electrode 




melted. 

.In. 

24.7 

22.8 

14. 

Fillet deposited per kw^^hr. 

.In. 

__ 

7.9 ‘ 

15. 

Electrode melted per kw-hr. 

.Lb. 


0.84 

10 . 

Energy required to melt 1 lb. elec- 




trode. 

.Ew-br.. 


. 2.90 

17. 

Welding man-hours per ton of steel.. 

.Man-hr. 

2.58 

1.51 

18. 

Electrode bought per ton of steel.. 

.Lb. 

5.84 

3.98 

Id. 

Electrode melted per ton of steel.. 

.Lb. 

4.08 

2.78 

20. 

Electrode melted per hour per welder.Lb. 

1.58 

1.84 

21. 

Eleqtrode melted per linear Inch of 




fillet. 

Lb. 

0.040 

0.044 

22. 

Energy required per ton of steel_ 

.Ew-hr.. 

— 

8.09 


•Dlflarenoe between shop and field tonnage dne to 4S tons In a two-storr 
wing not hnduded in record. 


Elrectlon of the building was b^:un on July 18,1930, 
and was completed September 3 of the same year. 
Field-welding operations were started on July 23, 
being completed September 11. In the completed 
building oifiy two or three evidences remain to testify 
against the weldh^ process and each of these could 
have been eliminated had the designers of the building 
poss^sed the ezpoience that now is theirs. 

Great progress in welding is bang made. Many new 
problems are encountered on evoy job and are being 
worked out. The summation of the solutions of all 
these problems w\p constitute a goodly store of knowl¬ 
edge fioffi which the ardiitect and engineer may be 

OaroBEift ISSl* 


able to design simply and practically and the con¬ 
tractor to fabricate economically. Even then prejudice 
in the minds of the non-progressive element will have 
to be overcome. Possibly new weights and shapes of 
manbers will have to be devised in order to reap most 
fully the benefits of the possibilities for reduced ton¬ 
nage. Whatever are the obstacles in the path of the 
development in the art they all will be overcome with 
time. While at present it cannot be said that welding 
is due to supplant riveting in every kind of steel job, ' 
there is no doubt that the increasingly congested 
condition of commerdal areas and the increasingly 
insistent demand on the part of the people therein for 
quiet will keep engineers, ardritects, and m^ient ists 
busy. 


Lumber Moisture 

Content Determined Electrically 


I HE OPERATION of determiiung ac- 
curatdy the amount of moisture present in lumber is 
reported to be greatiy simplifi^ by an electrical 
apparatus developed by C. G. Suits of the General 
Electric reseandi laboratory, Schoiectady, N. Y., and 
M. E. Dunlap of the United States Forest Products 
Laboratory at Madison, Wis. 

The device utilizes simple toned circuits involving 
two neon glow lamps. One of the neon lamps is 



Portable electric lumbeMn istiire tester 
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connected across a fixed condenser so adjusted that 
as the condenser successively builds up and Hia/»hargcff^ 
this tube produces a characteristic red flash at the rate 
of about once p«* second. The other neon tube and 
its associated condenser are in series with the knife- 
edged electrodes on the specially treated wooden 
hanuner. These eleda*odes, when driven into the grain 
of tiie lumber to be tested, complete an electrical circuit 
the characteristies of which depend upon the reastance 
of the wood between the two hammer electrodes. The 
rate at which this condenser builds up its charge 
depends upon the conductivity, and therefore upon the 


moisture content, of the wood under test. By maang 
of^a variable condense* this second tube circuit is 
ad ju^d so that the two tubes flash rimultai^eously, thus 
permitting the dial reading of the variable condense to 
be calibrated to reveal the percentage of moisture in 
the lumber under test. Bar-phones may be substituted 
for the neon tubes where bright sunlight interferes 
with the visual effect of the tube flash - 
Investigations indicate that with the exception of 
certain heavy imported woods, dependence may be 
placed upon the determination of moisture content as 
revealed by such a resistance test. 


Solving the Mystery of 
Mercury Arc Rectifiers 


The three factors most important in mercury 
arc rectifiers are vapor pressure, arc-drop, 
and geometry of the anode housing. In¬ 
vestigations of such factors described in this 
article, have increased the capacity of recti¬ 
fiers considerably and made It possible to 
eliminate several undesirable features of 
their operation. 


CrXPERIMENTAL research during the 
last three years has removed much of the mystery 
whi^ shrouded the merc^ arc rectifier, and maHo it 
a piece of standard riectrical apparatus comparable to 
the motor and transformer. Much remains to be 
learned but these investigations have expand^a d greatly 
the range of current and voltage that can be lian d led by 
a rectifier and have indicated the path for still further 
progress. 

The differences betwe^ the early rectifiers and the 
more modem type illustrated in Fig. 1 are mostly in the 
n^hborhood of the anodes. One conspicuous 
may be dismissed with a very brief statemmit, viz., 
the change from mercury-cooled iron anodes supported 
by porcelain bushings, to graphite ^odes with micalex 
bl u i n gs. The micalex seal is made from a mixture of 
mica and l^d borate glass, fused ani molded under higli 
t>ressure, yidding a vacuum-tight sdd of high medbani- 
cal and dideetric strength. Th is allows the clamped 

‘‘Mstonry Ate BeeUflor BeieanSh.'’ (N . 31-4t) nresented M the 
Kintw eonTeatlDa of Um a. I. Hfc JD.. N«rTo*,N. T., Jaaoaty a*.«o. im. 


By 

ALBERT W. HULL 

Non-member 

HERBERT D. BROWN 

Asfloolalie A. le X. B. 


Both of 

General Blectsric Oo., 
Skflienectady, H. Y* 


seal to be metal-metal instead of metal-porcdain, thus 


*_ion. 

The normal operating requirements of a rectifier are 
very simple: 

erL' *5** MoMftFliig whenerar the ihs. 

Smeneede the dns. Hue roltace by a smiUl meigtn. ot the <nder 

ttoa ^*”*”**”**“'^**“*^ ®i*wrew*dlree- 

botweea tmode and cathode, vhea cnrreot is 
** enoujai to meet the elScieney requlreinents. The 
ptacteal l^te of voltage drop, vrhlOh ate appnndmateiy 20 voWe 
and 40 volts maTinnim , are generally satisfactory for Une voltages of 600 
or more, but are too high for 260-volt operation. Th»hot«athode recU. 
fler promises to fill this gap. 

« regulation wHl be required In the future. This is a drouit 

function rather than a rectifier function in the case of a simple rectifier 
and^ be accomplUihed by transformer compounding; but grid-controlled 
reisers of the type illustrated in Wg. i, caUed thyratrons, can be made 

to give any detired regulatkoi without compounding. 


up to the present, because the greatest electrical sin of 
today is intOTuption of service. When a rectifier arcs 
back it is a two-way conductor instead of one-way and 
hence constitutes a short circuit of the a-c. supply line 
as well as tiie d-c. line or network which it feeds. The 
harm done by such short circuits, agaimiiTig they are 
cleared by dreuit bickers, is mi^y interruption of 
service. 

The gas evolution accompanying arc-back, if exces- 
fflve, may delay resumption of servi^ until the pumps 
can restore the necessary vacuum. * P|ist pfimps and 
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well-degassed anodes have reduced this time to the 
order of one minute, and experiments now in progress 
^re expected to reduce it to one second or less. 

Control of Mercury Vapor Pressure 

The most important single factor in mercury arc 
rectifier operation is the control of the mercury vapor 
pressure. This pressure depends on the temperature 
of the cooling water. The problem for investigation 
divides itself into two parts: (a) Assuming that the 
cooling-water temperature is uniform, what is the best 
temperature, and what are the permissible temperature 
limits? (6) If the water is not uniform, in what parts of 
the rectifier should the temperature be controlled? 

The optimum temperature may be determined 
empirically by gradually increasing the load current at 
a given water temperature until a limiting temperature 
is reached, above which the rectifier will not operate 
at any load. Uniform temperature of the cooling water 
is maintained by rapid circulation. In this way a 
load-temperature curve is obtained, as shown in Fig. 2. 
The ordinates represent the maximum safe load for 
reliable short-time operation at each temperature. 
The important fact to be noted is that, while operation 
is possible at any temperature below a definite maxi¬ 
mum, the load that can be carried is small at low tem¬ 
peratures and increases uniformly with temperature. 
The best operating temperature therefore is as near the 
maximum as can safely be maintained; and for a given 


Improving the Mercury Arc Rectifier 

S OME of the problems most important to the 
successful construction of mercury are recti¬ 
fiers are discussed on these and the following nine 
pages. The first article, that by Hull and Brown, 
is a general treatment of the research problems 
which are being encountered in improving such 
rectifiers. Investigations are described of the 
three factors which the authors believe to be most 
fundamental; namely, vapor pressure, arc drop, 
and geometry of the anode housing. The second 
article, by Slepian and Ludwig, is concerned 
principally with the cause and occurrence of 
backfire in mercury-arc rectifiers, together with 
possible means for reducing the frequency of its 
occurrence. The authors point out that the 
random nature of backfire is not always appre¬ 
ciated, but that an understanding of this character¬ 
istic is essential to its elimination. The third 
article, by DeBlieux, is concerned with the losses 
in transformers for use with mercury-arc rectifiers, 
and introduces methods of calculating and testing 
the losses in these transformers independent of the 
rectifiers. 


load there is a definite operating range of temperature. 
For example, for the rectifier represented in Fig. 2, the 
operating range for a load of 1,500 amperes is between 
42 and 60 deg. cent., as indicated by the shaded area. 
It is seen that there are two limitations to the range of 
reliable operation at a given voltage. One is high 
temperature, i. e., high vapor pressure of mercury; the 
other is high current. 

The maximum vapor pressure for a given operating 
voltage may be expected to follow closely the relation 
between vapor pressure and sparking potential; in 
fact, the only difference to be expected between arc- 
back potential and sparking potential is the change in 
the surface condition of the negative electrode, due 
to the presence in and just below the surface of gas 
molecules which have penetrated the surface in the 
form of positive ions. Such a composite surface is 
Icnown to emit electrons more easily than a pure metal 
surface, and may be expected to allow a spark dis¬ 
charge at lower voltage. Hence the arc-back voltage 
should be very close to the sparking potential between 
electrodes of low electron work-function. 

This conclusion appears to be justified by the results 
of a large number of tests made of sparking potentials. 
Typical results are shown in Fig. 3 which gives the 
sparking potential of an idle iron anode in a rectifier 
having 15-cm. diameter arms, with and without current 
to an adjacent anode. It is seen that the presence of 
ions due to current in the adjacent arm lowered the 
sparking potential by 50 per cent for the same vapor 



Fig. 1. Rectifier of recent design, with graphite 
anodes, subdividing grilles,* and control grids 


October 1931 


789 





Ff^. 8. Load-femperafure curve for loacb of 1 min. 
duration at 3^000 volts on a six-anode rectifier similar 
to Fig. 1, with 15-cm. diameter arms 


These rectifiers were known to arc back frequently 
yrithin the period between 20 min. and 2 hr. after start- 
ing, which was about the range of time required under 
va 3 dng loads for the anodes and housings to become hot 
enough to vaporize mercury rapidly, and thus lead to 
excessive local pressure with r^ultant arc-back. 
Hea^ were therefore installed in the anodes and 
housings at a temperature higher than the body of 
the rectifier, so that condensation could not occur. 
The result was the entire disappearance of the 20-min. 
to 2-hr. arc-backs, and, in fact, of nearly all arc-backs. 

Voltage Drop 

The pulse of a rectifier is the voltage drop between 
cathode and anode when the anode is positive. It is a 


pressure; or, conversely, lowered the vapor pressure for 
the same sparking potential by 60 per cent. Vapor 
pressure doubles for each 10 deg. temperature. 

The current limitation is of a different nature. It is 
due to a complete utilization of the mercury vapor in the 
anode arms, the maximum load current being t^t which 
utilizes all the molecules of the vapor as positive ions to 
neutralize the electron space charge. 

The vapor pressure in the anode arms is not com¬ 
pletely determined by the temperature of the cooling 
water in the case of continued heavy loads, because of 
the temperature gradient in the iron wall and the iron- 
water boundary, and under some conditions, a pressure 
gradient in the mercury vapor due to convection of 
mercury spray and its vaporization in the arc stream. 
Differences as great at 10 deg. cent, between water 
temperature and equivalent vapor pressure have been 
observed and even greater differences may exist. 
Hence, when the water temperature is adjusted to 
give the m a xim u m safe vapor pressure in order to cany 
the maximum load, if this load is maintained the pres¬ 
sure will rise above the safe value. This results in a 
load-time characteristic such as shown in Fig. 4. 

A sepes of simultaneous measurements was made of 
vapor pressure in the anode arms and temperature in 
different parts of the tank, during normal low-voltage 
operation. It was found that with light loads the 
vapor piressure in the anode arm corresponds very 
closely to the temperature of the part just beneath the 
anode arm, and is nearly independent of the temperature 
of the rest of the rectifier. 

Anode Heaters 


Fig. 3. Sparking 
potential of an Idle 
anode In an Iron- 
anode rectiflier, as 
a function of mer¬ 
cury vapor pressure 
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valuable index of health, especially in studying or 
conditioning a new rectifier. For example, an exception¬ 
ally low voltage drop tells that the vapor pressure is 
abnormally high, and arc-back may be expected with 
continued load^ a high voltage drop indicates excessive 
load, which must be reduced or the T^por pressure 
raised if reliable operation is to continue. If one anode 

has a high» voltage drop than the others it contains 
_• ♦.* ... * 


. . } are almost certain to be 

hmmenteiily eneeded U merc^ in a liquid state 
, opmte in tent^ with hot anodes oi any hot surfaces 
nter the anodes. In some, of the early modds it was 
observe when they were opened that the anodes anH 
tl^'hoasin^ were thiddy .coated with small drops of 
meteury whidi had cepdensed as the rectifier cooled. 
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if lowm-, its grid has probably been injured during 
assembly or mdiaust. 

The dope or ‘distance" of the voltage—current 
chaxactaistic is negative for small currents, zero for 
moderate currents, and positive for large currents, as 
shown m Jig. 6. The native portion of the charac¬ 
teristic is wdl known. The positive pmtion is observable 
only with low-pressure arcs, and is due to the approadi 
to complete utilization of all the gas. When volt-ampere 
characteristics are obtidned for different va^r pres- 
sum, it is found that the current at which the charac¬ 
teristic becomes positive is proportional to the vapor 
pressure, as may be seen in the fi^^pe. This is to be 

expected from the point. <ff view • ■ - 
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that positive redstance is due to full utilization of the parallel anode connection as with ather set of twdve 
mercury vapot. ^ anodes alone. PurthOT readings taken with an osdllo- 

Using a ^peak-reading vacuum-tube voltmeter in a graph agree with the load-limit test in showing that 
group of tests simulating operating conditions, it was the load capacity is doubled by doubling the number 
found that arc-back usually occurs when the voltage of anodes and using them in pairs, each pair being 
drop exceeds about 60 volts. Hence the maximum load in multiple without stabilizing reactance, 
which a rectifier can carry may be predicted from the 

intersection of its volt-ampere characteristic with the Geometry of Anode Arms 

50-volt line. Excessive voltage drop is usually accom¬ 
panied by surges which excite oscillations of the trans- Since as previously shown the temperatures that 
form® system, sometimes of sufficient voltage to arc detomine the current capacity are almost entirely 
o\ser insulation. those near the anode arms, it may be anticipated that 

If the positive resistance shown in Fig. 6 represents the important dimensions will be those of the arms, 
a true imtantaneods characteristic of the arc, it should This has been found to be true. It has been shown, 
be possible to operate such arcs in multiple for large however, that for geometrically similar plain cylin- 
currents without the use of stabilizing resistance or drical arms, the capacity is nearly independent of the 
reactance. This was tested in a 24-anode rectifier, dimensions of the arms. The reason that the current 
the anodes of which were arranged in two concentric does not increase with diameter is that the maximum 
rings of twelve each and connected in pairs to the safe operating temperature decreases as the diameter 
termm^ of a twelve-phase transformer, each pair of the arm increases. Thus the total amount of vapor 
consisting of one anode of the outor group and one of in the arm, and h^ce the current cax>acity, should 
the inner group. The length of the arc path to the remain about constant in agreement with observation, 
out^ anode was sufficiently longer than that to the The behavior is very different when the anode arm is 
inner anode that an unfavorable condition for division subdivided so as to be equivalent to a group of small 

arms. If the part of the arm just below the anode is 
divided by metal vanes into narrow parallel chaimds, 
the limiting vapor pressure is determined by the dimmi- 
rions of these channels and thrir distance from the 
anode, and is independent of the diameter of the arm. 
Under these conditions the current capacity is pro¬ 
portional to the square of the diameter, that is to the 
cross section of the anode arm. This is shown in 
Fig. 6. 

This agrees with the previously described test for 
parallel operation which indicates that if any number n 
of adjacent anodes are grouped in parallel as a unit, 
without stabilizing resistance or reactance, the current 
which they can carry safely is n times that of a single 
anode. The group of parallel-connected anodes may 


of current existed. 
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Fig. 4. Arc-back characteristic of same rectifier 
as in Fig. 3, at 3,000 volts and 60 deg. 


From the characteristic given in Fig. 5 we should 
expect one anode of each pair to carry all the current 
for light loads for which the characteristic is negative, 
and for a small portion of the positive range, up to the 
current value at which the voltage drop is equal to 
tile voltage drop for zero current of the other anode 
of the pair; at loads greater than this, both anodes of 
each pair will carry current, and will carry it mqre and 
more equally as the load inoeases. The curr^t 
actually obsawed for several pairs of anodes conforms 
completely to the values predicted from the character¬ 
istic arc-drop curve. 

As adilitional evid^ce of the approximately equal 
divitipn of current, the rectifier was tested for cuirent- 
capadty, first with one set of anodes alone, and tiien 
with the two sets in parallel. It was found that the 
rectifier '^ould, carry twice as much current with the 
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Rg. 5. Voltage drop In a m rcury arc as a function 
of current 
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Fig, 6. Test points of current capacity for sub> 
divided graphite arms. The solid line represents 
the theoretical limiting value of 4 amperes per 
sq. cm. 


It is evident therefore that high-voltage rectification 
can be accomplished, if at all, only in the range of 
pressure below the minimTun point. In this range the 
sparking potential is higher the smaller the distance 
between electrodes. With an anode arm 30 cm. in 
diameter the effective sparking distance between 
anode and wall is of the order of 60 cm. At this 
distance the pressure of mercury vapor corresponding 
to a sparking potential of 6,000 volts is approximately 
0.008 mm. The function of the grille is to decrease 
this distance and thus allow a higher operating pressure. 
For example, by placing a grille 5 cm. below the anode 
the distance is decreased from 60 cm. to 5 cm., and the 
pressure thus inoreased from 0.003 mm. to about 
0.040 mm. 


obviously be connected together inside the rectifier 
instead of outside, which is equivalent to combining 
them into one large anode witih a number of parallel 
paths leading to it, each path timilar in dimensions 
to one of the single anode arms. This is the principle 
of subdivided anus. 

Their use has been very carefully tested, ii.«ting parti¬ 
tions of differ^t forms and dimensions, and anode 
anus from 15 to 33 < 2 n. diameter. The results show 
that with a giv«i “mesh” of subdividing partition, the 
current tl^t can be carried is proportional to the total 
cross s^on of the arm, as it should be. The maximum 
op^ting vapor pressure, and hence the current per 
unit cross section, depend upon the dimensions of the 
partitions. 

Grids akd Their Uses 

Grids or grilles consisting of parallel passages longer 
than they are wide may perform the function described 
above of enabling rectifiers to operate at a higher vapor 
pressme than is possible without these grilles. The 
sparking potential of a gas decreases with decreasing 
pre3sm%, as is well known, to a miniimiTn value, and 
then increases rapidly with further decrease of pressure. 
At pressures above that conesponding to the mini¬ 
mum, the sparking potential is high^ the greater the 
distance. 

^ Tli® tungar rectifier opiates above the TninimiiTn ^ 
W2., at 6-cm. mercury pressure of argon. It might 
seem that advantage could be taken of this fact to 
mcr^ the are-back voltage of the tungar rectifia- 
by in<aaasing the distance between electrodes; for 
example, at 2-cm. distance the sparking potential is 
IjSW volts. The answer is that it is impossible to 
mamtain this distance under rectifying conditions, for 
thfe ionized gas that is left between the electrodes at 
the ;«id of the rectifying cycle forms a conducting 
*eatl^ aro^d the positive electrode, biulcling it out 
its distance from the negative electrode is that 
4Mrmp)nding to minimum sparking potential. This 
appli^ to all pressures higher than the “minimum” 
and all reasonable electrode distances* 


The form of the grid is important if it is to perform 
this function of shortening the distance betwemi anode 
and body of the rectifier. ' Tests have shown that wire 
grids, unless their mesh is very fine, are not effective in 
shortening the distance, since the ions diffuse freely 
through the holes. On the other hand, partitioned 
passag^ or grilles like those d^cribed above do not 
allow ions to diffuse through, provided the length of 
the passages is large compared to their width. 

Another use of the grid is to control the starting of an 
arc, rectifiers equipped with such grids being called 
thjuatrons. Any type of gnd can perform this function 
provided it is insulated, and the voltage that'must be 
applied to it to allow or prevent starting of the arc 
depends upon its location and fineness. 

One application of thyratrons is the use of the grid 
for obtaining automatic voltage regulation. The prin¬ 
ciple of this reguktion is that the phase of the voltage 
applied to the grids is automatically advanced as the 
load increases. This is obtained by having the grid 
voltage derived from a current transformer in the lino, 
so connected that its variable output voltage is added to 
a 90-d^. lagging constant voltage derived from a selsyn 
transformer. The constants are so adjusted that at 
light load the anode current starts late in the <grcle, 
advancing with load until at the desired overload it 
starts at the earliest possible starting time, namely, 
the time at whidi the anode voltage rises above the 
rectified d-c. line voltage. 

Hot-Cathode Rbctipibrs 

Hot-cathode rectifiers, although not yet devdoped 
for large cap^ties, have many features which make 
them attractive. One of these is the ease of contzol 
of the mercury vapor pressures. A single drop of 
mercury suflSces and this may be located in the coolest 
part of the tube ranote from the are so that the tem¬ 
perature of this part will detetmine completely the 
vapor pressure throughout the tube. The rest of the 
wdls may be as hot as desired, thus permitting a con¬ 
siderable reduction in size of the rectifier. 

Another advantage of hot-cathodp rectifiers is low 
voltage drop with resulting efficiency at low ^^ting 
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voltage. Three factors contribute to this low voltage 
drop. In the absence of mercury spray the distance 
between the cathode and anode may be short; an 
^^efficient'' cathode material, such as barium requiring 
but two watts per ampere, may be used; and a wide 
choice of gases is available. Thus hot-cathode rec- 
liifiers promise to fulfil the future requirements of low- 
voltage applications with an efficiency of 95 per cent 
or better at 260 volts, and well over 90 per cent at 100 
volts. 


Backfires in 

Mercury Rectifiers 

Successful operation of mercury arc rectifiers 
r quires the almost complete elimination of 
backfires. Studies made to eradicate this 
vil should recognize that backftres do not 
occur at some given stress^ but are random in 
th ir nature. There is, however, an average 
rat of backfire which determines the 
r liability of a rectifier. 


By 

J. SLEPIAN 

FoUow A. I. B. K, 

L. R. LUDWIG 

Assoclat>e A I. B. B. 


Both of 

Westlnghonse Blec. & Mfie. 
Oo., Bast Pittsburgh, Pa. 
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IN A mercury are rectifier operating 
normally, anode carries a large current when it 
is at a positive potential with respect to the cathode 
a.xid a very small current (a few milliampeires) when it 
is at a considerable negative potential with rei^ect 
to the cathode. It was found early that with the 
simple^ and most obvious constructions thi.g normal 
op'CTation was not reliable, and was not reliable in an 
erratic way. An stnode would function properly for 
perhaps thous^ds of cycles, and then suddenly fail 
to bold voltage when negative in some particular half 
oycle. With the usual rectifier circuits, such failures 
result m a short circuit and they are termed "arc 
backs"" or backfires."" 

^ Rectiflers,- (No. 31 -182) to be pr^ 
^ District meeting. Kansas 01t7, Mo., 

OCTOBER 1931” 


The cau^ of these backfires are still not well under¬ 
stood, but it was foimd early that certmn constructions 
reduced the likelihood of their occurrence. For exam¬ 
ple, cooling of the rectifier by introducing condensing 
chambers, water jackets, etc., keeps the vapor pressure 
low and reduces the backfire frequency. Also, moving 
the ^odes away from above the cathode, placing them 
in shields, and placing grids in these shields such that 
they were interposed in the arc path, aided in reducing 
the chances of backfire. However, these remedial 
measures greatly increased the size and cost of recti¬ 
fiers; and increased their arc drop, thus decreasing the 
efficiency. Consequently the whole design of the 
present day rectifier is predicated on the reduction of 
backfire frequency, and the means employed result in a 
rectifier for 600-volt service which is nearly as expensive 
as a rotary converter, scarcely more efficient and prob¬ 
ably still less reliable. Clearly, research devoted to 
advancing the application of mercury arc rectifiers 
must consist of a study of backfire which will yield 
means for reducing the tendency without losing the 
attractive features of mercury arc conversion. 

Backfires~A Random Phenomenon 

A striking feature of rectifier operation is the erratic 
manner in which backfires take place. Yet the great 
significance of this erratic behavior and its implica¬ 
tions as to the operation which may be expected, do 
not seem to have been generally grasped. It is essential 
to recognize, that except for backfires due to certain 
grosser causes, which will be mentioned later, backfires 
are inherently a random phenomenon in that they 
do not take place immediately when a definite limiting 
stress is reached, such as, for example, when some limit 
of current, voltage or vapor pressure is exceeded. 
Backfires occur in a random manner under all operating 
conditions, but with an average frequency which 
depends on the conditions of operation. Hence a 
backfire is very unlike the breakdown of a spark gap, 
which is certain to take place if the potential difference 
across the gap is increased beyond a definite value. 
Backfires do, however, resemble many other examples 
of random or inherently erratic phenomena well known 
in physics, such as the Brownian movement, the 
disint^ration of radium, or the fluctuation in the 
density of a gas when sufficiently small volumes of 
the gas are considered, and like these phenomena, 
backfires probably depend for thdr occurrence upon 
aggregates involving relatively small numbers of 
atoms, molecules, ions or electrons. 

The entirely random occuirence of backfires in time 
may be illustrated by Fig. 1, which was obtained vrith 
a small metal tank recti^, with all controllable 
variables held as nearly constant as possible. The 
probability of backfire of a rectifier is a particular 
condition and during a short time interval A t may be 
d^ed as follows, hnagine a laige number of teste 
made vrith a rectifier under identical conditions, the 
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time duration of each test being the interval A U Sup¬ 
pose that backfires occur in a certain number of these 

% 

tests n, but not in the others. Then-^ will be the 

probability of having a backfire in the time interval 

n 

A t, and if we write ^ = p A t, th^ p is the prob¬ 
ability of backfire pct unit time. 

It can be demonstrated that if the probability of 
backfire remains constant, and if the time intervals 
between successive backfires are observed, then the 
proportion of these time intervals which is greater 

than a given timer is e-"^. That is ^ whae 

m is the number of intervals greater than T in length, 
and ilf is the toted number of intervals. This relation 
has been confirmed experimentally with a metal tanV 
rectifier having a constant current arc going to one 
anode and a negative test voltage on the other, with 
tiie result shown in Fig. 2. 

The state of a rectifier with respect to backfire is 
propCTly described when a mean frequency of occur¬ 
rence of backfire is given. It cannot be described by 
8 a 3 dng that the rectifier is operating above or below 
backfire limits, inasmuch as there are no definite 
backfire limits. The mean frequ^cy of backfire 
depends on the construction of the rectifier, and on the 
conditions under which it operates. There are prob¬ 
ably no commerdal rectifiers which have a mean back¬ 
fire frequency of zero; but a mean firequency as Bmall 
as once in a few years is of course low miough to give 
more tiian the degree of reliability satisfactory for 
operating purposes. The badrflre frequency of success¬ 
ful rectifiers in the field se«ns to be of the order of 
sevml per year. 

Testing op Rectifiers 


Commerdal tests on rectifiers are made to deter¬ 
mine thdr quality, which must be found in terms of an 
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Fig. 1. (Abpve) Random occurrence of backfire 
on a small metal tank rectifier 

Fig. S. (Rigkt) Percentage of intervals between 
beckfirct exceeding time length T, in terms of 
■ - 'timeT ‘ ■ 




aver£^ badefire rate. Since this rate is very low for 
commercial rectifiers, its determination by usual tests 
is practically imposdble. For example, suppose that 
a large number of rectifiers were made with such 
uniformity that each had an average backfire rate of 
once per month. If they were tested by the manu¬ 
facturer for one month, which is impractically long, 
the mathematical probability is that 37 per cent of the 
rectifiers would not backfire, another 37 per cent 
would backfire once, and only 26 per cent would back¬ 
fire twice or more. Consequently such a test would 
not show the true reliability of the rectifiers. 

The way out of this dilemma seems tolie to test the 
rectifiers under abnormal conditions which would 
make the average backfire rate coimtable in a reason¬ 
able length of time and to have data which will permit 
extrapolation for determining the backfire rate under 
normal conditions. For example, if the dq>endence of 
backfire rate upon test voltage is well established for a 
given t 3 Tpe of rectifier, the tests might be made at such 
overvoltage as will give a countable rate in one day. 
Extrapolation to normal voltage would th^ give the 
expected backfire rate imder normal conditions. 

The variation of backfire rate with voltage for a 
small two-anode metal tank rectifier is shown in Fig. 3. 
The average breakdown rate was found to vary exponen¬ 
tially with the voltage. Current of 48 amperes was 
kept flowing to one anode, and a negative voltage 
was continuously applied to the other, grid-glow tube 
relays bmng used to record the backfires automatically. 
Tests were made at various times, and becarise of day 
to day variation as the quality of the rectifier changed 
somewhat for unknown reasons, different straight 
lines were obtained. All the data lay between the 
dotted lines shown in the figure. 

Both iron and graphite anodes are extensively used 
by rectifier manufacture^. Tests at abnormal voltages 
on the relative average backfire rates with these two 
materials have shown that a few more backfires occur 
in a given time with iron than with graphite, but the 
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Fis. 3. Variation in average backfire rate with 
voltage for a metal tank rectifier 


difference is no greater than day to day variations with 
either material. Consequently, no decided advantage 
of dther material is indicat^ from a standpoint of 
backfire rate alone. 

Causes of Backfires 

In addition to random backfires, certain grosser 
back^ causes which will not be random may occur 
in practical rectifiers. An example is the starting of 
an arc due to the blowing up of a conducting deposit 
formed ov^ an insulator from anode to tank, the 
action bting similar to that of a fuse. Direct observa¬ 
tion shows, however, that sudi grosser causes are 
avoided in well-built rectifiers and that most backfires 
occur directly on the anode surface. It is these latter 
backfires, wMch are of the random type, to which we 
wish to give further consideration. 

According to present available theories of the cathode 
of an arc, backfire should never occur without some 
initiating drcumstance foregn to the kind of discharge 
taking place just previous to the backfire. A ^ow 
differs ^m an arc in that it requires several hundred 
volts at the cathode for its maintenance. In rectifiers, 
the construction and vapor pressure are generally such 
tW it is not possible to hold a sdf-msdntaining ^ow 
with the available negative voltage which is impressed 
on the anode. However, with normal negative voltage 
on one anode and an arc playing to the oth^, current 
flows to the negative stnode which does not differ 
es^ti^y from a glow, except that it is not self-main¬ 
taining. Consequently both the s^ow and the iion-self- 
maintaining discharge will be considered together as 
thebadlecurrmtclischarge. , 
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Fig. 4. Typical cathode-ray oscillograms showing 
time duration of backfire causes 


A backfire consists in the sudden substitution of an 
arc for the normal back current discharge. Somehow, 
the conditions for the maintenance of the cathode of an 
arc must suddenly set themselves up. The conditions 
required at the cathode of an arc as predicted by present 
theory are such as should not occur spontaneously so 
far as the intrinsic characteristics of the back current 
discharge go. The conditions required at the cathode 
of an arc, according to present theories, call for either 
a very high temperature or a high current dentity. 

With the low current density in the back current 
discharge, it is not i)ossible to obtain sufficiently hi^ 
temperature to produce an arc so long as the current is 
uniformly distributed over the anode. A suffidently 
intense field at the cathode surface (10^ volts p^ cm. 
or more) could initiate the cathode of an arc, but due 
to the high concentration of positive ions necessary 
such a field would require a current density of several 
thousand amperes per square centimeter. The current 
density in the back current discharge is only a few 
microamperes per square centimeter. The variation 
of current density over a very enall area of surface 
might allow sufficiently high instantaneous densities, 
but such small areas must not be contidered because 
the cathode of an arc is unstable if the current to it 
is less than 0.05 amperes. 

Smitiny of the bade current discharge tiurough the 
spectacles of present theories of the cathode of an arc 
fails to reved the causes of backfire, provided the 
cathode surface be r^sarded as homogeneous. We must 
then consider the result of posable contaminations on 
the surface and flaws in the electrode material. 

One type of backfire cause is suggested by tests ma^e 
with a tube containing two graphite electrodes and 
equipped so that a small msu]|ited tungsten wire could 
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be caused to make or break contact with the cathode. 
Volta^ was applied to the dectrodes of the tube and 
wboi it was sufficient to form a stable glow, backfires 
could be produced by making or breaking contact 
on the cathode with the small insulated tungsten tip. 
Ihe cause of the backfire is to be sought in the very 
high current density at the lost contact point. This 
ve^ high density will result as the area common to the 
point and electrode shrinks to zero during separation. 

Several backfire causes may now be given. A very 
obvious one is contacting mercury drops thrown from 
the cathode. Small conducting particles such as iron 
rust or scale may contact with the anode and cause 
backfire in the same way, and in this an argument for 
extreme cleanliness in rectifier assembly is found. 

Particles may detach themselves from the anode 
it^lf. It is well known that the anode suffers a slow 
diant^ration known as sputtoing, due to the back 
currait discharge. Although the sputtered particles 
may consist largely of individual molecules, it is 
believed that larga* particles are also detached. The 
presence of impurities would tend to cause a more 
frequ^t detachment of larger particles. 

From this discussion on possible backfire causes it 
would be expected that the magnitude of the back 
current is important. If the back current is large, 
then the particle size necessary to cause backfire may 
be smaller. Also, the sputtering of the electrode will 
be more rapid with a large back current, and large 
particles are more likely to be detadied or loosened. 
Any means which reduce the back current to the elec¬ 
trode, such as grids, shidds, etc., must also reduce the 
frequency of occurrence of backfire. Experience shovra 
this to be the case. 

Another cause of backfire suggested by Langmuir is 
the formation of insulating patches on the electrode 
with dielectric failure of the patch as it becomes charged 
by back currait. These patches are made up of 
impurities, oxides, or what not, and because of the 
small amount of material in thdr make-up their 
development to large sizes will be a random occuir^ce. 
Other experimenters also have surmised the exig tAnpA 
of such insulating layers. 

Dubation op Bacefibb Causbs 

The random manner of occurroice of backfire as 
weU as considerations of the preceding section maiw us 
beUeye that backfire causes involve only a igmail 
pnount of matter. Since the amount of noatter 
ihvdlv^ is very small, we should eqiect also that 
&e time involved by Wkfire cause would be very 
small. 

. Ca^ode-ray qsrillograph tests have beml made to 
deterin^ the time duration of badcfire causes. A 
;sn^ metal tank rectifier was used, and continuous 
dpirent vw to one anode and continuous native 
.voltage was applied to-the other. A high resistance 


was placed in series with this anode so that in the 
advent of a backfire to it, a current too low for main¬ 
taining the cathode of an arc would flow. The cathode- 
ray oscillograph had a Noiinder relay which was 
actuated by the backfire, and the voltage between 
tested anode and cathode was applied to the deflecting 
plates, t37pieal osdllograms being shown in fig. 4. 
The initial drop in voltage on the occurrence of a back¬ 
fire does not appear because of a time-lag of three 
microseconds in the action of the Norinder relay. The 
time during which the voltage is very low is the time 
duration of the backfire cause. The finite rate of 
recovery of voltage afta* the backfire is due to electro¬ 
static capacity of the potentiometer by which the 
oscillograph was connected to the rectifier. The 
duration of the backfire causes was usually less than 
five microseconds. 


Losses in Mercury 
Rectifier Transformers 

Improved methods of calculeting and testing 
the losses in transformers for use with m r- 
cury arc rectifiers are now available. These 
methods greatly simplify the mathematics 
involved in loss calculations and make it 
possible to measure directly the losses f 
transformers independent of the rectifiers. 

By 

LV.DeBLIEUX Qeaei«lBl«e. Oo., 
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l^^ETERMINATION of the losses in 
trai^onn^ connected for use with mercury arc 
rectifiers involves difificulties not present in usual 
power transformers, due largely to the shape of the 
secondary current wave delivered to the rectifier. 
In the past, various tables have hem published which 
give calculations of effective values of current and the 
losses in transformers in various rectifier connections. 
These calculations are based on the assumption that 

I^rom ** r^ e 8 in Transformeis for Use with Mereuiy Arc Boctifters 
(N4>- 31-70) iirefiented at the North Sastom District meeting of the 
A, I. S. B., Kodieeter, N, Y*, April 20-May 2,1031« ~ 
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the secondary current waves are rectangular in shape 
and that the effective resistance of the transformer 
windings \s the same at all frequendes^ However, 
calculations based on these assumptions may be con¬ 
siderably in error as the current wave contains a large 
number of harmonics which are influenced somewhat 
by the reactance of the circuits, and the effective 
resistance of transformer windings varies with the 
frequency. Using the d-c. resistance of the windings 
and the theoretical values of the harmonics as explained 
below, much more accurate calculations of transformer 
losses result. 

A rectangular secondary current wave can be ana¬ 
lyzed into a series of terms in which the amplitude of the 
nth harmonic is: 
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in which 


magnitude of direct current 


P = number of phases 


The effect of the reactance of the circuit is to alter 
the assumed rectangular wave shape by sloping the 
sides of the wave, as a definite time is required for the 
current to rise to its full value at the beginning of the 
conduction period and fall to zero at the end. The 
effect is to reduce the magnitude of the harmonics in 
the current wave. 

A formula has been developed for calculating the 
effective winding resistance in which 


Watts eddy current loss = 0.86 Y 


( 2 ) 



Fig. 1. Test connections for six-phase 
multiple wye transformers 
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wh»e 

X = frequency 

Y = the sum of the othar factors which detemaine the 
eddy loss, and is constant for a given winding 

The actual magnitude of the various harmonics in 
the primary and secondary current waves of a repre¬ 
sentative six-phase rectifier connection was measured, 
and from these readings and the corre£q>onding winding, 
resistances, the losses were calculated and found to be" 
the same as would be obtained in the d-c. resistance of 
the windings, and the theoretical valuesof the harmonics 
as determined from equation (1) were used to determine 
the losses. This indicates that for the average circuit, 
the effect on the losses of the increase in resistance at 
the harmonic frequencies is approximately balanced 
by the effect of the reduction in magnitude of the 
harmonics due to the reactance of the circuits. These 
results hold with satisfactory accuracy for the other 
commonly used rectifier circuits. 

The calculation of losses based on the d-c. resistance 
of the transfonnmr windings and the theoretical values 
of current harmonics for rectangular secondary cur¬ 
rent waves has been recommended for the proposed 
A. I. E. E. Standards for Mercury Arc Bectifiers. 
This method eliminates involved mathematical calcu¬ 
lations and factors based on design features. Also, 
the calculations may be chedked by the purchaser and 
used to determine the safe size of cables for maTfing 
connections. 

Testing Methods 

Three methods of testily are proposed for the three 
classes into which all of the commonly used rectifim* 
connections fall, For all tests, rated sinusoidal curr^t 
at rated frequency is hdd in the prinaary> and the 
secondary windings are short-circuited as follows for 
the various types of connections. 

The six-phase multiple wye secondary connection of 
transformers is shown in Fig. 1. For this type of 
connection, the copper losses measured with one-hidf 
of the secondary windings of eadh phase short-circuited. 


Fig. S. (Left) Test 
multiple 


connectiom for twelve-phase 
wye transformen 


T 


TEST NO. I 


TEST No. 2 


(b) TEST NO, 2 


Fig. 3. (Right) Test connections for six-phase 
forked wye transfonners 





TEST Nfc 3 
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as indicated by tiie strmght lines, equal the loss whidi 
woiild be obtained under rectifier operation. 

For the twelve-phase multiple wye connection, two 
tests are made. The first is with one-half of the secon¬ 
dary coils of each phase short-circuited as shown in 
Fig. 2(a), and the second is with all of the secondary 
coils short-drcuited as shown inFig. 2(b). Denoting the 
losses measured in the two tests by Li and respec¬ 
tively, the copper losses which would be obtained under 
rectifiar opeation will be: 

=1.12 Li-0.121,, (3) 

For six-phase forked connections, three loss measure¬ 
ments are made with the secondary winding short- 
drcuited as shown in Fig. 3. Denoting the loss 
measurements for the three tests by Li, L,, and L% 


Corona 

and Line Surges 

Tests on an experimental transmission line 
show that from the standpoint of damping 
transieiit surges there is no advantage in 
operating the line at so high a voltage that 
the conductors will be in corona. 

By 

H. H. SKILLING stwifard UnlTerslty 

Aasocbte A. I. B. B. OaUfomla 


FREQUENTLY in technical literature 
the suggestion has been made that power-frequency 
corona would increase the damping of transnussion-line 
surges. A recent repetition of this ideal, all unsub¬ 
stantiated, led to the present investigation the results 
of which have shown &at the presence of corona is of 
no value in this connection; its damping effect in any 
case is only sli^t and often is more harmful than 
helpfid. 

A surge on a line in service, if due to lightning, may 
have a voltage far exceeding the corona-forming voltage 
Of the line; in such a case tiie chief attenuation will be 
due to corona. To explain further, the surge itself 
will ionize tiie air around the conductor and in so doing. 

Written speolaUy tor Bibotbioaxt BKotHMsiva. Not publithod in 
pampblottomL ; ^ 
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respectively, the copper losses which would be obtained 
under rectifier operation will be: 

W. - + + ' (4) 

Since the voltage wave impressed on the transformer 
primary approximates a tine wave when the rectifier 
is fed horn a system whose capacity is reasonably large, 
the iron loss should be measured in the same manner 
as for ordinary power transformers. It is thmefore 
possible to test ihe main transformms of the various 
rectifier connections independently of thet.rectifiers, and 
determine with satisfactory accuracy, the losses in 
both copper and iron which would be obtained under 
rectifier operation. 


the energy stored in the surge will diminish; the maxi¬ 
mum voltage of the surge will decrease accordingly. 
Ionization will continue as the surge travels along the 
line as long as the voltage of the surge is above the 
corona limit; thereafter attenuation will he much 
slower, for the main damping influtiice will have lost 
its effect. This ionization is a real phenomenon, since 
the corona produced by a tingle impulse of extremely 
short duration may be seen clearly in the dark, and the 
noise that a surge makes as it passes may be heard 
quite as eatily. 

It is evident that a previous condition of ionization 
about the conductor due to overstress at power fre¬ 
quency would affect the rate of loss of energy from the 
impulse; but in ntiiat way may be found only by experi¬ 
ment. To determine the nature of this relationship, 
therefore, this investigation was undoiaken. 

Test Equipment 

Apparatus was devised by which traveling impulses 
with crests as high as 440-kv. could be sent along a 
1,000-ft. line. For furnishing these high-voltage 
impulses, an adaptation of the "'lightning generator" 
was used. A condenser charged by power-frequency 
current had its energy suddenly released by the break¬ 
down of a spheregap, and as fast as the inductance of 
the condmisor circuit permitted, the condenser voltage 
appeared between the sending end of the trarrsmission 
line and giround. This voltage and current proportional 
to it sent along the line a wave the magnitude of which 
was increased with time, imtil a sphere-gap at the send¬ 
ing end of the line sparked to ground; the sending volt¬ 
age then fell to zero almost immediately and stained 
n^ligible thereafter while the wave traveled out along 
the line and was measured. Ordinarily, the trip-gap 
was set to dihcbarge the condeni&r si 375 kv. It was 
found convenient to chop the impulse h^' means of the 
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gap at the sending end of the line at some value between 
100 and 200 kv. The time required to build up such 
a voltage about 0.05 microsec. The critical corona 
voltage of this 1,000-ft. line at 60 cycles was found to 
be about 30 kv. or 43 kv., crest value. 

Voltages were measured at each end of the line and at 
several intermediate points by means of sphere-gaps. 
If the observer were far enough from the noise of the 
laboratory, an interesting supplementary comparison 
of imprilse voltages was possible by listening to the 
sound that accompanied impulses of voltage higher 
than the mitical corona value. A click somewhat 
like the noise made by dropping a pencil indicated that 
a wave had passed, and in passing had ionized the air; 
a second or so lat^ would come the crash of the sphere- 
gaps in the laboratory; and pa-haps between the two, 
the snap of the measuring sphere-gap. On a bright 
day the ear was more to be trusted than the eye in 
reporting events. 

The rapid attenuation of surges when their voltages 
were higher than the corona-forming voltage of the 
line, and their slower attenuation near that voltage, is 
shown graphically in Fig. 1. The most evident dis¬ 
closure of ^ese curves is that the impulses, at whatever 
voltage they may be sent, are rapidly cut to a crest 
value between 25 and 50 kv. Thereafter attenuation 
is so slow that at the terminus of the 1,000-ft. line, it is 
difficult to distinguish between a wave that started 
with a crest of less than 100 kv. and another that 
started at more than 200 kv. 

Surges Superposed on Diiperent BO-Cyclb Line 
Voltages 

When the action of the impulses was moderately well 
understood and the technique of measurement was 
developed sufficiently to give assurance of significant 
results, the line was tested while in corona. The 
apparatus permitted the impulse voltage to be super¬ 
posed suddenly on a steady 60-cycle voltage. The 
phase of the corona-voltage cycle at which the impulse 
was ‘applied* was definitely known, and in the first 
work the impulse “struck” at the instant of maximum 
60-cycle voltage. The sending-end ^here-gap now 
did not measure the impulse voltage alone, but the 
sum of impulse and 60-cycle voltages, added when the 
polarities were the same and subtracted when they woe 
opposite. The same is true of the measuring sphere- 
gap at intermediate points on the line. 

■These combined impulse and line-voltage measure¬ 
ments represent the values in which the engineer is 
interested, sin^ the strongest impulse that may be 
propagated over a line is one which will not flash across 
a string of insulators when added to the line potential 
at that instant. Whether or not a surge still will be 
dangerous at some crudal point, as, for instance, at a 
transformer bank^ depends upon whether at that point 
the insulation wiU Ml under the combined action of 
normal line and impulse voltages. Hence, while the 
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Fig. 1. Attenuation of transmission line surges. 
Note rapid reduction above the corona-forming 
voltage (30 kv.) 


sphere-gap does not measure the impulse voltage 
directly, it does give an indication of danger. At the 
end of the line, reflection of the impulse adds to the 
danger; the resultant crest voltage at the terminus may 
be found by a simple computation, or it may be 
measured directly. 

The presence of corona was found to make a measur¬ 
able difference in the behavior of the high-voltage 
impulses. When the impulse was thrown on the line 
with the same polarity as the 60-cycle voltage, the rate 
of attenuation of the impulse was lessened to a marked 
degree, and the dang^ at any point was correspondingly 
great. When polarities were opposite, the 60-cycle 
voltage had less total effect; attenuation of the impulse 
was more rapid, which lessened the danger at any point 
along the line, but the danger due to reflection at the 
terminus was much greater. 

The foregoing effects are shown in Fig. 2, where 
the crest voltage of a given impulse aftm* traveling a 
certain distance is shown as a function of the 60-<^cle 
line voltage. The lower pair of curves intmsects the 
axis at a value corresponding to the 150-ft. point on 
the 138-kv. curve of Fig. 1. In like manlier, the upper 
curves intosect the axis at a value corresponding to 
the 50-ft. point. These points on the two figures must 
therefore indicate the same impulse mest because they 
represent identical conditions. For the other points 
of Fig. 2 the impulse was superposed upon different 60- 
cyde line voltages. Points determined when the im¬ 
pulse and 60 -< 7 cle voltages were of the same polarity 
are marked with “plus” signs; points representing 
opposite polarity are indicated by “minus” signs. 

Surges Apujed in Different Phase Relations 

Apparently, attenuation of the impulse is not altered 
by Iffie voltage unless the line voltage is high enough to 
produce corona, although tins cannot be proved; how- 
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ever, the belief is supported by other tests in which the 
impulse was applied in various phase relations with 
respect to the corona-voltage cycle. With 40 kv. at 
60 cycles applied, and with the gap at the sending end 
of the line retaining a fixed spacing, the moment of 
applying the impulse was shifted by 60-deg. steps. 
With the sending-end sphere-gap setting the same as 
used in obtaining the data for Fig. 2 (to give an impulse 
of 138 kv.) the impulse crest voltage without 60-cycle 
line voltage was measured at a distance of 150 ft. from 
the sending end; then 40 kv. was applied and the 
impulse was impressed at the same instant at which the 
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Fis* Effect of different line voltages upon 
attenuation of 133-kv. surges 

+ indicates surge and line voltage of same polarity 
- Indicates surge and line voltage of opposite polarity 


60-<^cle voltage reached a maximum of the gnmo 
polarity. These measurements were followed by 
another with two voltages of opposite polarity. These 
are shown in Fig. 8, the radius of the drde bring a 
measure of the impulse voltage alone; the vector drawn 
upward (83 kv.) indicates tiie resultant impulse voltage 
when the polarities were the same, while tire vector 
pointing downward (62 kv.) gives the resultant voltage 
when polarities w^ opposite. Riniila.r measurements 
were made witii the impulse applied 60 and 120 deg., 
respectively, after maximum line voltage first with one 
polarity and then with the opporite. Results of these 
tests are indicated also in Fig. 3. 

For the first two cases (impulse voltage superposed 
upon a 60-cycle maximum of the same polity and of 
opposite po^ty, respectively) the expected change 
,in rate;of att^uation was observed; for the four.inter¬ 
mediate phase positions there was no significant differ¬ 
ence fi^ attmuatibn without 60-cycle voltage. 

T^ Results Analyzed 

Space riiaige about tiie conductor when in corona 
se^s to play-:^ impoitant role in aiding qj impeding 


the attenuation of impulses. That the chief attenua¬ 
tion of the impulse is due to ionization is evident 
because (1) the impulse may be seen and h^d and so 
must dissipate energy; (and 2) atimiuation is rapid 
above the corona-forming voltage and slow below it. 
If 40-kv. power-frequency voltage be applied to a 
line that permits corona at 80 kv., there will be a zone 
about the conductor in which the potential gradient is 
the critical gradient of air (about 30 kv. per cm.); 
the gradient cannot be greater because air under a 
greater stress would ionize until the resulting space 
charge reduced the gradient to the critical value. 
(Since the times involved in 60-cycle changes of current 
and voltage are so vast compared to impulse times, the 
60-cycle conditions existing at any moment may be 
considered fixed.) This cushioning action of the space 
charge makes possible the maintenance of a line voltage 
greater than the corona-forming voltage, for without 
such protection the air would continue to be broken 
down as fast as ionization by collision could take place; 
and were this the case, no reasonable amount of power 
coidd sustain a voltage substantially above that at 
which corona first appeared. 

In the light of the foregoing, if an impulse voltage of 
the same polarity as the 60-cycle line voltage should 
occur, and if the 60-cycle voltage already has produced 
corona and hence protected itself by forming a space 
charge, it will be impossible for the impulse to attenuate 
by ionization to a voltage below the 60-cycIe value. 
The cushioning effect that protects the 60-cycle voltage 
also will protect the impulse voltage. This is doubtless 
the reason tiiat as soon as corona appears about the 
line, impulses are found to be attenuated more slowly 
if th^ are of the polarity of the line voltage. If they 
are of the opposite polity, the space charge has 
the contrary effect; instead of lessening the gradient in 
the neighborhood of the wire as . the impulse passes, 
it increases it. Presence of the space charge increases 
the electric field and thereby increases the energy loss, 
thus increasing the attenuation. 

Without more quantitative information about energy 
loss from impulse voltages, it is imposribleto predict the 
comparative efiBlcacies of a given intensity of corona 
tow^ decreasing and increasing the attenuation of 
surges of rimilar and of opporite polarities. In the 
latter case, however, as expected and shown e:q>eri- 
mentally, the potential due to space charge is a smaller 
fraction of the impulse potential and will have a corre¬ 
spondingly lesser effect. 

The wave shape of the impulse, that is, the function 
of time which describes the voltage at a point, also 
will influence the rate of attenuation of the impulse 
<^t. An impulse shorter than 1 microsec. is con¬ 
sidered fast, but ionization by collision is tremendpushr 
faster; hence a protecting space charge will be. built up 
by the impulse itsrif as it travris along the line. If the 
wave is not sharp-crested but has a flat top, the latter 
part, of the. wave will be protected by space charge 
formed at the mcpei^ of the part pr^sei^ing. '"While all 
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of the wave eventually (if the line be long enough) will 
become reduced to the corona-forming voltage of the 
•line, the fropt of the wave will lose energy most rapidly 
at first, and the crest voltage will diminish more slowly. 
No such action is possible in the case of a short wave, 
which rises quickly to a crest and as quickly falla 
Space charge of enough intensity to protect the maxi¬ 
mum voltage is formed only by the peak itself, and the 
wave immediately passes on to less ionized and unpro¬ 
tected sections. A long, flat wave, then, is less rapidly 
attenuated, and therefore' is more dangerous than a 
short, sharp wave. 

Conclusions 

Work on attenuation of surges has been described 
in previous Institute publications (the most recent of 
these may be found in the July 1931 issue of Electrical 
Engineering, pp. 478-602). Results of the present 
study are in such complete agreement with previous 
results that, for the most part, the conclusions reached 
may be quoted from the summary of one of the earlier 
investigations of Conwell and Portescue, (A. I. E. E. 
Trans., July 1980, p. 872) whose experimental work is 
of great interest in the light of the theory here presented: 

1. **Oo]ifliderlng crest voltage of tlie original surge and its attenuation, 
tbe attenuation Is Increased with crest voltage over the length of line used. 
The rate of Increase In attenuation is mudi more rapid whm the surge 
voltage exceeds the corona point of the line. 

2. **Oon8lderlng the relation between the length of wave and its attenua¬ 
tion, the short wave attenuates more rapidly than a long wave of equal 
crest voltage. 

3. **Oon^ei1ng the effect of distance traveled on wave shape, with 
increased distance there seems to be an increased tendency to slope off 
the ftont of the wave and to Increase the length of the tall. This change 
in form Is more accentuated above the corona point.** 

To these now may be added another: 

4. Oonsiderlng the effect of power-flequoncy corona about the hne, 
it will retard the attenuation of a surge of its own polarity, but will have 
little effect on a surge of opposite polarity. 

The amount of attenuation is of great practical 
interest.and there may be significance in a comparison 
of present results with those of Lee on the Wallaipau- 
pack-Siegfried line. (Trans. A. 1. E. E., Vol. 48, p. 
471.) 

The line considered as tiie basis of this article was 
similar to the line considei^ by Lee, but reduced to 
one-tenth size; that is, the conductor considered in this 
article was about 10 per cent of the diameter of his and 
displayed corona at 28 kv. (r. m. s.) instead of at about 
280 kv. The surges used were near 220 kv. while the 
lightning surge recorded on Lee’s line started at 2,230 
kv. 

In becoming proportionatdy attenuated, bis surge 
traveled ]L00 times as. far as those mentioned in this 
article, or in tiie ratio of 10*. These ratios were used 
in making up Table I; voltages of the line considered 
in this article are midtiplied by 10; the distances by lOQ. 

Included in the rabulation is a set of computed volt^ 
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ages that result from assuming that the energy lost (as 
tiie surge travels) is proportional to the voltage of the 
surge. This assumption is arbitrary, but agrees 
impressively with Lw’s results and with those of this 
article as shown in the four curves. Fig. 1. Since 
energy is proportional to the square of voltage, 

where E is surge voltage, e is corona-forming voltage. 
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Fi 0 . 3. Diagram showing surge-voltago measure- 
menb 150 fi. along the line wKk 133-l(v. impulses 
applied in different phase relations with respect to 
the 60<ycle, 40-lcv., line voltage 

Radius of circle (68 lev.) indicates surse measurement with 
zero line voltagei arrow at top shows “In phase" 
position 


A; is an experimental constant, and x is distance along 
the line. The solution is 

X ^ m[n — (E + elog e (E — e)) ] 

where m and n are constants involving k and the initial 
voltage. The computed voltages fit nicely into the 
tabulation, and differ^ces can be explfuned as eiqteri- 
mental error, line resistance, and (most important) 
change of wave-shape as the impulse travds. 

These results imply that the “effective range” of a 
lightning surge is nearly proportional to the voltage of 
the surge, and to the corona-forming voltage of the 
line. 


Table I—-Comparative ^rge Attenuation Data 


Distance miles 

0 

5 

10 

15 

Kilovolts 

Computed. 

...2,230. 

.1,180.... 

....560..., 

....410 

’Lee... 

...2,230. 

.1.080.... 

....680_ 

...820 

Skilling. 

.. .2,260. 

.1,000.... 

....480..,. 

..^.380 


Dr. Haixis J. Rym and Dr, Joseph Carroll by 
guidance and aid have made postible tiie study leading 
tothispaper; 
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Communication pus its Part 


in Electric Power 

1 

Present day electric power systems, with 
their complex and far-flung interconnec¬ 
tions, cover such large areas that the com¬ 
munication lines serving them have become 
almost as important as the power lines them¬ 
selves. In the five articles on this and the 
following nine pages fundamental require¬ 
ments of the electric utilities are outlined, 
and the communication schemes used by 
four typical operating companies are 
described. 

Electric light and power 

in all its perfection is not entirely independent of several 
other ag^des of public service. Not the least of these 
is communication, which makes the light and power 
system the living organism it really is. Because the 
electric power system is everywhere, far flung in supply 
centers and activities, it is more dependent upon com¬ 
munication in the disdiarge of its obligations than are 
most other forms of business. This agmicy serves to 
coordinate the widely separated elem«its and thus 
pla 3 ra a big part in uniftdng the operation of electric 
power systems. This is a necessary adjunct to the pro¬ 
vision of satisfactory service to customers; for although 
a properly designed and constructed system, adequate 
tools, and able pasonnel, all are essential, yet no ade¬ 
quate service is rendered, and hence no revenue earned, 
until these dements are coordinated and unifled. 

This group of five artides is based upon five papers 
presented as a sympodum at a session of the Institute’s 
1981 summer convention. They were prepared jointly 
by a total of dx engines of leading power companies, 
in collaboration with three communication engineers 
of the Bdl tdephone system, and therefore represent 
the joint efforts of those engineers most intimately 
connected with the needs of a power s]rstm and those 
having the best knowledge of modem devdopments in 
the communication fidd. 

All five artides stress the importance of providing 
effident and unintermpted communication facilities 
for bpauting personnel. In most cases these facilities 
are provided by networks of interconnected privately 
owned and B^ S 3 rstem lines, although in one case 
carrier current furnishes tiie prindpal conununicating 
medium. One article deals with a joint study between 


System Operation 

telephone and power company en^eers, whai the 
entire communication system of the power company 
was overhauled thereby effecting many improvements. 
Anotha* article of the group desmbes the special com¬ 
munication fadlities arranged by one company for 
handling customers’ calls. Still another narrates in 
some detail how a special remote-metmng system was 
installed, by which means continuous and practically 
automatic direction of load-scheduling activities was 
achieved. 

The first artide, which outlines the power compan 3 r’s 
principal requirements and su^ests metho<^ for 
meeting them, follows immediately. 


Underlying Considerations 
of the Problem Outlined 


By 

R. N. CONWELL Pa*>Uc Servloe Blec. & 

F^low A. I, B. B. Oo., Newark, N. J. 

G. M. KEENAN Penii.-N. l. Intercoa- 

F^ow A, 1. B. B- nectioo, Hazleton, Pa. 

C. F. CRAIG An^erlcan Tel. & Tel, 

Member A, 1. B. B. Oo-* New* York, N. Y. 

E. C. BRIGGS Obio BeU Tel, Qp. 

Non-membw OlevdSmd, Ottto 


Effective coordination of the 

activities of an electric utility necessitates the establish¬ 
ment of communication channels for the continuous 
flow of information into organization centers, and the 
prompt transmission of orders and suggestions 
these centers to the points where action is taken. 
Voice communication appears to be especially adapted 
to meet these requirements, as is evidenced by the fact 
that about 86 per cent of the average electric utility's 
co mmuni cation expense is for transmission of the 
spoken word. 

From '*Oommii]3icatIO]i Servicei of Bleetxic UtDitim, Underlyliig 
slderations** (No. 31-104) presented at the a. I. B, B. conventloii. 

Asbevill , N. O., June 22-20,1931. 
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The work of an dectric utility may be consid^^d as 
being divided into the following three general classes: 

1. Operating actlyitles inducting dispatching, generating and sub¬ 
station operation, emergency line patrolling and repairs. 

2. Customer service acttvities embracing all contacts between the 
utility and Its customers. 

8. Administrative activities indudlng administrative sales and busi¬ 
ness functions as differentiated Arom service functions. 

Operating Activitibs 

A typical organization chart for the handling of 
activities classed as ''operation” is shown in Fig. 1. 
This indicates'the communication channels usually 
necessary for the efficient flow of information between 
controlling centers and points where action originates. 
Communication facilities for such activities need to be: 

1. Easy to operate and conveniently arranged. 

2. Available at times when power facilities are In trouble. 

3. Of such Quality as to permit conversations to be carried on with 
ease. 

4. Protected so as to be safe for use at all times including periods of 
system disturbances. 

5. Of suffident capadty so that under the worst emergency conditions 
no serious ddays will be experienced In restoring electric service. 

Heavy or important traffic requires the establish¬ 
ment of direct channels. Where continuous service 
must be provided, two or more independent paths are 
essential and these should be so routed that troubles 
on one will not affect the other. 

Communication channels often are terminated at 
dispatching points in a cordless type of board whoie 
answering, ringing, and monitoring features are ob¬ 
tained by merely operating a key. This type of equip¬ 
ment api>ears to be suitable for use where no more 
than 50 channels are to be terminated, or where the 
required number of simultaneous through connections 
.does not exceed five. Where more than these are 
involved, cord and plug boards usually are installed. 

Teletypewriter apparatus is \ised to some extent in 
transmitting and recording routine information, such 
as mej^ readings and switching orders, and there is 
some pfobabifity that this equipment will provide a 
valuable supplement to the tdephone in power-dis¬ 
patching work. 

Some electric utilities have considered it desirable to 
provide facilities for communication along the trans¬ 
mission line right-of-way. Both portable telephone 
equipment and permanent stations installed at con- 
vment locations have been used for this purpose. The 
accfhssibility of the transmission line and the relative 
importance of maintaining uninterrupted power service 
over a particular route determines whether or not rach 
facUiti^ are necessary. Apparently each situation 
requires individual study to ascertain its paiticular 
requirements. 

La effecting centralized control of a power system, 
the vaThe 'bf'tdemetering,-leinote indicating, and 
supervisoty-conti^cA services is g^dnirig rapid and wide 
recognition. Where long distances are involved, ap- 
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paratus operated by direct current over separate 
channels or by means of impulses sent over narrow 
frequency channels appears to be the most economical. 
For shorter hauls, the cost of conductors usually is not 
prohibitive, and apparatus using separate wires for 
each metering or control smdce probably is the most 
economical and desirable. Since nomoally, large in¬ 
vestments in power equipment are involved, and 
manual astistance cannot be obtained quicldy at 
unattended stations, the conductors used for control 
purposes must give reliable sovice. 

In some of the larger electric systems, arrangements 
are desired which will permit the sharing of frequency 
control by several generating plants, or possibly in tiie 
ultimate provide for station load distribution on an 
automatic batis in direct proportion to the relative 
costs of g^eration. In this connection it has been 
suggested that for the purpose of synchronizing fre¬ 
quency-controlling devices in gen^ting plants, a 
constant-fr^equency supply might be furnished over 
communication cbannds. For this purpose, apparatus 
employing a quartz-crsrdtal osdllator in conjunction 
with vacuum-tube circuits is available in laboratory 
form; a frequency stability of approximately one 
part in ten million or about three seconds in one year 
is provided. Tests to determine the value of this 
constant-frequency supply in electric utility operation 
are being considered. 

Customer Service Activities 

A vital factor in supplying satisfactory electric service 
is the provision of convenient means for the customer to 
convey to the utility company his impressions and 



Fig. 1. Typical communication channelt (or 
perating activities of an'electric utility 
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reactions regarding his electric service. Since a large 
majority of such contacts is made by telephone, elec¬ 
tric utilities generally have recognized that customers 
calling by telephone should be handled as intelligently 
and as courteously as though calling in person. 

Expaience indicates the desirability of establishing 
an organization specially trained and assigned exclu- 
avely to dealing with customers over the telephone. 
Under this plan, direct observations can be mside to 
determine which practises are most effective in building 
up good-will among the customers. Where centralized 
customer-service bureaus are established, communica¬ 
tion channels sire necessary between the bxueau smd the 
various departments in the company so that the atten¬ 
dants may obtain readily any information necesssiry 
for transacting bu^ess with customers. Usually the 
work of the bureau is simplified as much as posable; 
this may be done by providing a centralized file of 
customs: records, by short-cut methods of handling 
customer orders, and by the convenient arrangement of 
telephone facilities. 

Administrative Acttvitibs 

Included in this group are executive, legal, engineer¬ 
ing, and siccounting matters togetha* with certain 
features of operating work where speed of action is not 
the govmiing factor. The tyi>e and volume of admin¬ 
istrative activity handled by telephone generally 
necessitates extensive circuit and equipment arrange¬ 
ments. These conununication facilities usually are 
provided by the telephone companies. It is important 
that the electric utilities make their objectives dear 
so that the communication arrang^ents provided by 
the telephone companies wQl accomplish the dedred 
results. 

Essential requirements in communication pharinria for 
administrative traffic are no different than those for 
similar traffic in other lines of business. When the 
volume is suffident, channds are leased for full-time 
use. Arrang«nents may be made with the telephone 
company also for short-period talking channels to be 
set up at certain spedfied hours of the day. Where 
traffic is light, ordinary public-message channels usually 
provide satisfactory service. 

Whoe quick transmission of letters, orders, accoimt- 
ing matters, or other administrative affairs, is necessary, 
and a written record is desired, tdetgnpewriter service 
has been foimd to be of particular value. 

Methods op Providing Communication Channels 

Cable and open wire. Most of the communication 
channds used by dectric utilities condst of cable and 
open-wire lines. Cable is relativdy free fi^m trouble 
during storms and is conddered a desirable type of 
facility while from the standpoint of service continuity, 
open-wire channels are somewhat less desirable. Where 
open-wire circuits only are in use, enough often 
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are available over r^ular or alternate routes to insure 
the desired reliability. Where necessary, extra guying, 
short spadng of poles, and similar measures are 
employed to strengthen such lines. There seems to be 
a growing didnclination, however, to rdy upon open- 
wire facilities routed along the same right-of-way with 
pow«* lines on which service is to be protected. 

Carrier-current tdephone apparatus. In a numbo* of 
instances during storm breaks, power-line carrier- 
current equipment has provided the only means of 
communication available, and it is conddered generally 
to be a rdiable form of service. There appears to be a 
definite but somewhat limited application for this type 
of communication over long hauls where genera^g 
plants and substations in remote and sparsely settled 
locations must be reached. In such dtuations the cost 
of providing suitable cable or open-wire facilities may 
be prohibitive. 

Variation in quality and volume of transmisdon often 
is mq)erienced with carrier current due to the frict that 
the characteristics of the power network used as the 
transmitting medium are affected by switching or dr- 
cuit changes. Difficulty also has been expmenced in 
connecting the apparatus to two-wire circuits. 
Opinions as to the value of this type of equipment 
differ, and in order to arrive at satisfactory condudons 
regarding the extent to which it logically may be 
employed, further experience is necessary. 

Radio. In providing back-up service for regular 
communication facilities some use has been made of 
radio, but the cost of securing the desired rdiability 
and restrictions as to opmation have prevented any 
extwidve use of this type of communication. 

Basic Communication Plan Needed 

For most effident results, maximum use should be 
made of all communication facilities, a satisfactory 
grade of service should be available for immediate use 
at the prindpal operating points, and future needs 
should be cared for slightly in advance of actual demand 
and without replacment of any large part of ensting 
facilities. These objectives cannot be met economically 
without establishing a bade communication plan for 
the electric supply ^tem as a whole, devdoped along 
consistmit lines. 

Extendve interchange of power between electric 
utilities and frequent consolidation of operating proper¬ 
ties is emphasizing the need for some degree of uni¬ 
formity in communication arrangemmits. Also traffic 
loads and operating contingendes usually can be cared 
for with a greater margin of safety and less expense 
where all telq>hone services and facilities are imified 
and operated as one system. Convenient switching 
arrang^ents accordingly have been developed, to allow 
the operating department to seize quiiMy and hold 
any dedred circuits for an indefinite pmod of time. 
These arrangements permit the &dqdve use of circuits 
by the operating personnel wh«iever in their opinion 
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such use is necessary, and would seem to provide in 
^ect the eqviivalent of an exdusive communication 
network. , 

In a number of instances studies have indicated that 
best results could be secured through the connection of 
the electric utility's privately owned communication 
system to the fadlities furnished by the telephone 
company. Interconnections of this nature enable the 
electric utilily to eliminate all useless duplication of 
circuits and equipment, to obtain a broader use of 
privately owned plant, and to retire such plant invest¬ 
ment in an orderly fashion. 

Growth of the electric utility industry is extremely 
rapid. Activities of operating companies are broaden¬ 
ing in scope continually as the areas served inarease in 
size and customer demands become heavier and more 
reacting. It is important that the activities of electric 
utilities be studied constantly to determine how com¬ 
munication facilities can be used to greater advanti^e 
and to anticipate requirements so that the necessary 
service will be available when required. Consideration 
along these lines will assist to a marked d^ree in the 
attainment of that which utilities are striving for— 
continual improvement in customer service. 


Communication in the 
Niagara Hudson System 


By 

E. S; BUNDY Buffalo (N. y.) Niagara 

Member A. I. E. B. * BaaSem Power Ootp. 

The western division of the 

Niagara Hudson System which serves an area in 
New York State approximately 250 mi. long and 100 
nai. wide has developed a coordinated communication 
plan including both privately owned and leased lines 
supplemented by carrier current. In the development 
of this sjTstem, engineers of tiie New York Telephone 
Company have worked in cooperation witii the powCT 
coinpany’s opwating and executive staffs to devdop a 
flenble, dependable, and adequate communication 
network. 

One of the outs^^ding features of this system is the 
manner in which customer calls are han<Ued. These 
do not go to the general switdiboard but are routed 
directly fo a specially equipped order recaving table 

From “Oommuiilcfttioi\in the Western DIvMod of the Nlsigars Hudson 
System’’ (No. 91-111) i^troseift^ at the A. I. B. B. summer convention, 
AslievlUe,N.<0.,Juu 22-&,im. 



Fig. 2. Transmittion system of lb« Buffalo, Niagara 
& Eastern Power Corporation (western division) 
showing principal switching points 


where a specially trained personnel handle them directly 
without irritating departinent-to-department transfers. 

Lines leased from the telephone company for full 24- 
hr. use connect the load supervisor (at Buffalo) with 
the Buffalo steam stations, the Niagara Falls hydro 
station, and the Lockport switching station, these 
being key points on the transmission ssrstem. Three of 
these leas^ lines provide remote-metering facilities for 
indicating at a glance the total load on the 60- and 25- 
cycle steam stations in Buffalo, and the hydro station 
in Niagara Falls, these bang the thrw main powo: 
sources for the western divifflon. Provision is made also 
for reaching Mortimer, Lyons, Solvay, and Syracuse 
through Lockport, ami Gardoiville, Jamestown, and 
Clean through the automatic dial-switching equipment 
in the Buffalo office. (See Fig. 2.) 

In addition to the foregoing facilities the four main 
switching stations of the division, Niagara Falls) Ix>ck- 
port, Gardenville, and the Buffalo steam stations, are 
tied together directly by leased lines, so that district 
load supervisors may hold from two- to four-parly 
convosations for discussing the proper execution of 
orders. 'The load supervisor’s office is equipped with 
cordless turrets (rimilar to that shown in Fig. 5) for 
the interconnection of telephone lines of all types and 
for the quick and easy answering and switching of calls. 

Among the naany advantages of leased lines are 
these; that they do not follow tiie transmisaon right- 
of-way, and where two leased lines are in use betweoi 
important points, they follow different routes. Both 
of these features enh^ce the inheroit r^bility of 
these lines. In addition, during storms the first 
responsibility of the powo* company is to maintain the 
transmission lines; where lea^ lines are used, the 
telephone company handles the communication prob- 
lon. The possibility of storm failure is redudfed to a 
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nunimum, however, because practically all leased lines 
are run in cables. 

Although the company is a large user of leased lines, 
thus eliminating maintenance worries and profiting 
firom the advice of experts in the field of communication, 
privately owned lines belonging to predecessors are used 
where they were found to be in good condition. These 
private lines are interconnected with the leased lines, 
suitable protective equipment bmg installed at the 
connecting points. Such an arrangement provides 
great flexibility in the communication system and makes 
possible the use of previous investinent in privately 
owned lines. 

Eight carrier-current stations are maintained at main 
switching points, but undar normsd conditions these are 
not used to any great extent where leased lines are 
available; however, to make sure that it is in oi>erating 
condition for possible emergency use each set is tested 
daily. 

Interdepartmental Communication 

In the company’s branch exchange in Buffalo, and in 
several of the district offices, machine switching equip¬ 
ment has been installed. Calls from one department 
to anotha: are dialed by the calling party directiy, as 
are calls to the telephone company’s central office. 
Operators on general office switchboards thus handle 
only incoming calls to that office. As a result, calls 
have been speeded up and in the Buffalo office the staff 
of operators has been reduced from nine to five, despite 



Fig, 3. Diagram of load'dis^teher’s c mmunlca- 
Iron facilidos 
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the fact that telephones served have incr^sed in 
number from 189 to 325, with a corresponding increase 
in the amount of traffic handled. 

In some of the smaller district offices, norma! traffic 
will not justify the installation of machine switching 
equipment but service to customers, especially during 
tinripg of trouble, will. In such cases operating men 
must be able to reach all parts of the system without 
intoference from incoming calls. Where the dial 
system has been installed, the operating men can call 
the stations directly; a flood of customer calls thus 
does not interfere with thrir activities, and, at the same 
time, the telephone operator can de^jote undivided 
att^tion to customers. 

Customers’ Calls 

Telephone calls from customers do not go to the 
general office switdiboards but are routed directly to 
specially equipped order receiving tables. In the 
Buffalo office eighteen special trunks connect from the 
telephone company’s central office to this table, and 
these are arranged in such a way that any call may be 
taken at any one of three different positions, thare 
bang a total of fourteen portions at the table. 

Specially trmned young women handle all types of 
these customer calls, whidi are largely reports of 
trouble, requests for service connections or disconnec¬ 
tions, complaints, and requests for information. All 
portions at the table are connected by direct lines with 
the meter and trouble departments. Also ten tie lines 
connect the table with the company’s machine switch¬ 
ing equipmoit, thus aUowing for coimections to any 
one of the 326 extenrions on this branch exchange. 

Numbers are so listed in the telephone directory that 
customers raiply call the general office switchboard by 
mistake. When these errors do occur, however, they 
are connected by the telephone operator to the order 
recaving table without inconvenience and without 
being required to make a second explanation of what 
they want. Customers’ calls which come to the 
service departmait but which really itiiould go to the 
genaal office switchboard recdve the same attention. 

To maintain proper supervision ovar the telephone 
contacts with customers and at the same time bring 
about improvements in tdephone usage, a monitor set 
has been installed so that observers may listen in on 
all conversations through the company's private branch 
exchange. Conversations are t^en down verbatim 
and subsequentiy discussed at departmental meetings. 

Five telephone typewritas connect this department 
with the meter and trouble departments located in the 
service building two miles distant^ These teletype- 
writas are operated ova* leased lines and provide 
filled-in orda fonns on both the sending and jeceiving 
machines, the entire operation bang complete within 
aveiy few minutes after the customer’s request has 
been recaved. 

Telephone contact with custom^ thus fiias been 
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centralized in a well-tr^ned department with great 
improvement in public relations. The personnel of 
•the department follows through each request to com¬ 
pletion; ancT moreover the customer is not transferred, 
disappoints, or kept waiting. 

Summary 

The principal features of special int««st in the com¬ 
munication scheme of this system briefly are that: 

1. The company relies lai^ely upon advice of the telephone company’s 
ongiueers, believing that they ace the best authorities available In the 
communication held. 

2. Leased lined are used chiefly, thus freeing the company of mainte* 
nancjs problems and providing better and more dependable voice trans¬ 
mission. 

3. Wherever practicable, automatic eoulpment is used for speedier 
ser\’ice. 

4. Both leased and piivate lines are intorconnocted for maximum 
fleicibility. 

5. In the Interest of better public relations, great caro has been taken 
to insure that customers' calls receive the best and most courteous service. 


Joint Study Improves 
Communication Facilities 



Fig. 4. Principal communication circuib of the 
New England Power Association ' 


By 

C. A. BOOKER 
M. E. CLARK 


New England Pwr. 
Assn.. Boston. Mass. 

New England Tel. & 
Tel. Co.. Boston. Mass. 


LARGE GROUP of int^coimected 
wholesale and retail electric companies are opa^ted by 
the New England Powa: Assodation' in a highly 
develop^' industrial area covering parts of five states. 
Energy is generated at eleven major hydro stations on 
the Connecticut and Deerfield rivara, whence it is 
transmitted over a high-voltage network to the load 
centers in central and eastern Massachusetts and 
Rhode Island; ha» interconnections are made with 
several large steam generating plants. To insure 
maximum economy in operation, a centralized control 
ovOT all produdng and distaibuting units is necessary.. 

To tnamtain this centralized plan of control, a net¬ 
work of communication circuits consisting of lines leased 
from the Bell telephone system int®connected with 
privately-owned lines has been set up (see Fig. 4). 
This arrangement represaits the results of a joint study 

Prom "Cooperative Study of Power System Communication" (No. 31- 
113) presented at the A.J-B.^. summer convention. Asheville, N, 0., 
Jun 22-26. W3L. 
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by executives of the telephpne and power companies, 
instituted several years ago when the need for a more 
closely coordinated communication system was felt. 

Operating control over the entire system is exercised 
by the load-dispatching department. This department 
has jurisdiction over power production, apparatus, 
safety work, the scheduling of future operations, and 
arrangements for power interchange with other systems. 
Control operations are planned from an extensive 
system of hourly reports received from each produdng 
and distiibuting unit. Most of this work is carried on 
ova* approximately 600 mi. of privately owped tele- 
■ phone circuits. 

For customer savice and other commercial relations, 
r^iular subscriber service of the Bell system is used. 
Where the volume of traffic warrants it, P. B. X. 
(private branch ecchange) switchboards are installed. 
Tdephope extaisians to the customers’ service depart¬ 
ment are so arranged that all calls involving service 
on anything from flat irons to electric refrigerators are 
received at one place. This is done in order that such 
calls may receive prompt and 83 nnpathetic treatmmt 
without irritating tranrfers from one departmait to 
another. . 

Administrative activities of all units in the entire 
system are carried on from central offices located at 
Boston over a coordinated network of leased lines. By 
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Fig. 5. Dispatcher's desk showing location of 
cordless turret wherein all communication lines 
teraiinate 


interconnections at territorial office switchboards, 
economical and speedy communication with every part 
of the system is provided. 

Joint Study Conducted 

The joint study between telephone and power com¬ 
pany engineers mentioned previously was instigated in 
1929, when, with the consolidation of all of the principal 
offices at Boston, it became urgent to improve all types 
of service. In this study the entire communication 
problem was analyzed by parties having a thorough 
Icnowledge of modern telephone equipment, in coopera¬ 
tion with those most familiar with the operation and 
needs of the power system. Activities of the group 
conducting the joint study may be classified briefly as 
(1) a complete survey of existing communication 
facilities and usage; (2) the determination of present 
and future requirements; and (3) the analysis of these 
requirements to determine what alterations or additions 
are needed. 

Results of Study 

Although the survey has not been completed, many 
improvements in communication service already have 
resulted. Private branch exchanges serving local areas, 
districts, and divisions have been rearranged and in 
some cases modified to meet more fully the requirements 
of the territory served. In some instances these modifi¬ 
cations have been effected at an actual saving in cost. 
Some of the more important findings of the joint study 
are outlined in some detail in the paragraphs which 
follow. 

One of the earlier determinations of the joint study 
was the need for better rail-handling facilities in the load 
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dispatches office. It was derired to provide access to 
all lines but with a minimum of switching by the 
dispatcher. This was accomplished by the use of cord-, 
less turrets placed adjacent to the dispatches desk 
(see Fig. 5). The circuits were arranged so that the 
P. B. X. operator handles all calls not intended for the 
dispatcher, but at the same time the dispatchers have 



Fig. 6. Schematic diagram of patrolman's spur 
lines along the Tewksbury-Fifteen Mil Falls 
transmission line 


full control of all lines for possible emeigency use. 
Provision is made for visible as well as audible indication 
of incoming calls. 

Another noteworthy result of the study is found in 
the reduction of noise on the company’s privately owned 
lines. This was brought about by a complete field 
inspection and survey followed by the correction of 
transposition unbalances, clearing up of tree troubles, 
and the replacement of broken insulators and bad 
splices, wherever the survey indicated that these steps 
were necessary. 

Advantages of the joint survey for determining future 
requirements were resdized in the planning of communi¬ 
cation facilities for the Fifteen Mile Falls hydro develop¬ 
ment in 1929. The final arrangements for this particu¬ 
lar case condsted of leasing a line from the Bell S 3 mtem 
from Tewksbury to Fifteen Mile Falls (see Fig. 4) with 
a pomanently bridged tap to the central New Hamp¬ 
shire substation. This decision was reached when it 
was considered that (1) in case of trouble the telephone 
company could furnish duplicate paths, (2) within a few 
years the entire line would be of so-call^ sleet-proof 
construction, and (3) that the annual cost to the power 
company would be lower than the cost of constructing 
and mdmtaining a privately owned line. 

A novel feature of this particular line is the arranjge- 
ment for communication facilities from patrol booths 
along the line (see Fig. 6). These facilities are provided 
by spurliheshaving an average length of aboutfivemiles, 
and extending from the booths to central offices through 
which the main line passes. 'Hiese extensions normally 
are disconnected fit>m the trunk circuit, but each 
line may be connected by simply closing a switch in the 
booth, the actual connection bdng'made by a relay. 
Provision also is made to enable thb patrol station to 
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signal the operator at the telephone company's central 
office in case exchange or toll service is desired. 

Special arrangements have been made by the tele¬ 
phone conipany for routine and emergency maintenance 
of this line, and if for any reason the leased line is out 
of order preferential treatment is guaranteed for dis¬ 
patching business over r^ular toll circuits. 

Conclusions 

Although the communication requirements of the 
New England Power Association have presented some 
unusual problems, joint consideration of these require¬ 
ments has result^ in a satisfactory co mm u ni cation 
system. The provision of adequate communication 
service is essential to the operation of the power com¬ 
pany, and in order that this may be accomplished 
economically and with minimum duplication of effort, 
as the requirements change in the future it is planned to 
continue the joint survey work. 


Communication in a 
Metropolitan System 


By 

P. B. JUHNKE Commonwealth EcUsou 
Mem^ A. I. E. E. Oompivny. CWcwo 


Communication faculties for the 

Coniinonwealth Edison Company system (Chicago) 
the fixed plant of which is scattered ovct the entire 
city, include 19 telephone switchboards, and a total of 
about 2,600 telephone stations. The main switchboard, 
together with seven sub-boards, are located in the 
Edison Building in the downtown section of the city. 
Of particular interest are the facUities employed in the 
direction and supervision over operating 

activitiek 

Operation of this system is carried on like most other 
large systems by a specially trained technical group 
located in a central load-dispatching office. Direct 
private-wire connections are provided between this 
office and all generating and distributing stations and 
the majority of substations. Dispatching activities 
are subdivided into three sections, two of them dealing 
with the usual routine of load dispatching, and each 
having* supfflwirion over a c©rtaih part of the system. 

From “Oommunlcatiott Facilities of a MetropoUiiaii Power System” 
(No. 31 ->98) presentel at^the A. I. E. E. summer convention. AslievUle, 
N. Jn^e 22-28. 192fl- 


The third diviaon known as the load-control section is 
of relatively recent origin and is charged with super¬ 
vision 0 V 6 T the supply of power from the different 
generating centers. This third section also has super- 
virion over the 66- and 132-kv. tie-line elements between 
stations, These supervisory activities embrace not 
only generating stations and tie lines within city limits 
but also intCTConnections with, and supply from, gen¬ 
erating stations outride of the city. Durect telephone 
commimication is provided from the load-control 
group’s own two-porition board to all generating sta¬ 
tions and 66-kv. switching centers. 

Before the organization of the load-control section, its 
functions were carried on by the load dispatchers 
making this work part of their regular duties. When 
only two or three generating stations were in operation 
the load-division problem was fairly rimple, but as 
other stations wwe added to the system, each in turn 
more efficient than its predecessor, this problem became 
more complex. Accordingly a system was set up 
whereby the load distribution was adjusted hourly on 
the hnrig of corr^ponding hourly load readings from 
the individual stations. Although this scheme worked 
out very well, it required almost continuous readii^ to 
distiibute the load properly, and as more generating 
stations ware added to the system it became quite a 
laborious process. 

Load-Totalking Scheme 

As an outcome of the hourly system of load apportion¬ 
ment, a load-totalizer was developed to collect the 
individual station loads in the dispatcher’s office, the 
power reading bring transmitted by remote metering 
over telephone wures. Although this original arrange¬ 
ment represented a definite step forward, continuous 
direction on the part of the dispatching persorael was 
required to maintain the proper load apportionment. 
Accordingly, this original scheme was followed by 
further development known as the load-totalizing 
sch^ne with revCTse indication. In this latter plan the • 
totalization indications effected in the load dispatcher’s 
office are transmitted back to the individual stations, 
With the aid of these continuous total-system-load 
readings and previouriy prepared load chaits, each 
operator can hold the load on his particular station to 
its proper value at all times. 

Remote-Metering System 

The remote-metering system used in totalizing the 
station loads has been described in a previous publica¬ 
tion. (“Budget-Plant Load Dispatching,’’ by P. B. 
Juhnke and L. N. Moore, EleOrical World, Vol. 89, 
pp. 1817-1820.) However, a number of improvements 
recently have been made in this apparatus. Instead of 
balancing the effect of the impulses by mechanical 
means as done ori^nally, some of the recorders have 
been changed to.operate on a resistance bridge arrange- 
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ment. With this improvement it is not necessary to 
install all of the meter elements on the load dispatcher's 
board. Several load recorders thus can be moxmted in a 
relatively small space so as to be easily read by the per¬ 
sonnel at the load-control board. Since all of the charts 
are controlled by the same sjmchronous motor, records 
may be compared directly and all meters will record for 
the correct time. 

Metallic telephone circuits are used exclusively in 
this remote-metering scheme as installed by the Com¬ 
monwealth Edison Company. However, the impulses 
(into which the load readings are translated) can be 
transmitted by means of carrier current,—^a feature 
which materially enhances the usefulness of the system, 
especially for metering distant stations. 

This type of installation is believed by the author to 
make possible the most intelligent operation of a large 
interconnected system. The task of directing load¬ 
scheduling activities is continuous and practically auto¬ 
matic. In addition, the economies gained in plant 
operation of a system of moderate geographic extent 
more than warrant the cost of the equipment and inci¬ 
dental telephone line rental. 



Carrier Communication 
Economical for Long Distances 


By 

E. C STEWART Arkansas Pwr. & Lt. 

Co., Pine Bluff 


CarRIER-CURRENT telephony sup¬ 
plies most of the communication needs for the Arkansas- 
Louisiana-Mississippi interconnected system compris¬ 
ing a total of approximately 1,800 mi. of 110-kv. 
lines. Operating supervision for the entire intercon¬ 
nected network is centered in the load-dispatcher's 
office at the Woodward switching station near Pine 
Bluff (Ark.) except for the southern portion which is 
handled from the Jackson (Miss.) office. (See Fig. 8.) 

Upon completion of Remmel Dam near Malvern 
(Ark.) in the latter part of 1924, and the connection of 
the hydro plant at that location with Pine Bluff and 
Little Rock, an urgent need for fast and reliable com¬ 
munication was felt. The construction of a new com¬ 
munication line along the power line right-of-way was 
contemplated but it was believed to represent an 
unwarranted expense when the reliability of such a 
line was compared with that of the power line itself. 
Finally, after a careful consideration of these and other 
factors involved, carrier-current equipment was in¬ 
stiled during the early part of 1926. Results with 
this first installation were so satisfactory that in 1926 
when the communication service had to be, extended 
to Sterlington (La.) additional carrier-current equip¬ 
ment was used for this purpose. 

Further extensions of this transmission system have 
nec^tated corresponding extensions in the communi¬ 
cation system; these likewise have consisted of carrier- 
current applications. At the present time a total of 
eleven carrier-current installations has been i^ade 
located as shown in Pig. 8. In most cas^ compara¬ 
tively long transmitting distances are involved, the 
longest of these being the 469-mi. stretch from Pine 
Bluff to Gretna. 

To prevent the carrier waves from being dissipated 
on portions of the transmission system not used for 
commumcation purpoi^, by-passing and frequency- 
blocking equipment is installed at some locations. . 
Arrangement of this equipment as installed at the 
Woodward switching station is shown in Fig. 9. Two 
transnutting sets are in use at that station so that 
additional blocking had to be employed. 

Carrier-current equipment of the Southwestern Gas 
& Electric Company, shown also in Pig. 8, operates on a 


Fig. 7. Remote metering system used for loed 
totalizing by the C mmonwealth Edison C mpany 


From •‘Communication on the Arkansiis-Louishma-Mlsslssippt ixitet- 
connect^ System” (No. M*116) presented at the A, L E. E, summer 
convention, Asheville, N. O.. June 22-26,1931. ^ 
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frequency channel different from that of the Arkansas- 
Louisiana-Mississippi interconnection, but so far no 
frequency ^blocking has been found necessary between 
the two systems. For communication between the 
two systems separate receivers are employed at Pine 
Bluff and Shreveport. 

With the exception of the Remmel Dam set, where 
antennas are used, all coupling between the jcarrier- 
current apparatus and the transmission lines is by means 
of capacitors. No failures have occurred on any of 
these units during the past two years, which is the 
nqaximum length of time that any of them have been 
installed. 


Opeeation 

’ The carrier-current installations on the intocon- 
nected system, supplemented by the use of toll service 
and one or two leased lines, are primarily for use by the 
dispatcher. A certain amount of business traffic is 
handled, however, outside of rush pmods, and is re¬ 
layed by the dispatchers to the parties addressed. 

Records of the number of messages transmitted show 
that at the Woodward station the average number of 
carri^-current equipment op^tions per month is 
about 4,800 for botit installations. A three months' 
study of the time of usage indicates that the average 
message length is only 1}4 
Direct communication between outl 3 ring stations on 
the interconnected system has not been allowed because 



Fls. Locdtion of earrkr-current sett on the 
Ark«nsas-L gisMba-Missistippi inlcrconned d 
system 


there is little advantage in this from a system operating 
standpoint. Calls of this nature are handled through 
the Pine Bluff dispatcher, his office having been made a 
“central" for that purpose. To complete such a call, 
it is necessary for the substation instigating the call to 
signal the Pine Bluff dispatcher from whence the call is 
dialed to the station desired. Completion of the call is 
evidenced by the automatic starting up of the trans¬ 
mitter at the station called. 

Up to the present time carrier current has not been, 
provided along the lines for the use of patrol or main¬ 
tenance men. Routine patrolling reports are not txuned 
in by telephone except under emergency conditions 
when the nearest available form of communication is 
utilized. During the past three or four years whenever 
weather conditions have permitted emergency patrol¬ 
ling has been made by means of airplane. R^orts of 
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F 19 . 9. Coupling, tun¬ 
ing, and blocking de¬ 
vices installed at the 

Woodward station 

1 and 2. Carrier-current 
transmitters 

3, 4 and 5.' Resonant 
chokes 

6 and 7. Traps to pre¬ 
vent interference between 
sets 




Fig. 10 . Typical cable-type coupling capacitor and 
trap installation 
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observations made in this way usually are dropped in 
pasteboard containers to a substation operator, who 
relays the information to the dispatcher. In these 
reports, exact structure numbers are given in order to 
fix definitely the location of the trouble. Identification 
is made by means of distinguishing markers on top of 
key structures which are readily visible from the plane. 

RBLIABIUTy 

A number of instances are on record showing that 
the carrier-current type of commimication affords an 
extremely reliable type of service. Several times during 
storms when other means of communication were dis¬ 
abled, uninterrupted service was maintained over the 
carrier-current circuits. One instance of particular 
note occurred during the months of April and May, 
1927, while the Mississippi Valley was engulfed in the 
great flood of that period. For many days carrier cur¬ 
rent provided the only means of communication to the 
Sterlington station. 

The Way to 
Progress ..d Prosperity 

Equitable taxes and fair distribution of the 
cost of 90vemment in place of the present 
unfair indirect bonus system is urged as a 
vital first step toward cultural progress and 
public welfare. This is the third article of 
The Ensineering Foundation’s symposium 
“Has Man Benefited by Engineerins 
Progress?” 

By 

C. E. GRUNSKY Prosideiit, American 
Engineering Oonndl 


Unemployment is the most strik- 

ing symptom of recurrent hard times. Attribute this, 
if you wish!, to the fact that one man now produces 
whnt three or more coidd produce a few years ago, but 
r^ember that ddnahd in kind and quantity also has 
increased vastly. Depressions would be recurrmit Oven 
if the t3^writer, the harvester, and the automobile 
hadinot been invented. However> the relative nrimber 
of basic produces has'been materially decreased and, 
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in consequence, increasii^ number must be provided 
with occupation in distribution, cultural activities, 
and recreation. 

Opportunity to work should be provided for evay 
person dependent upon his own efforts. Obviously 
this opportunity cannot be supplied at the bottom of 
the scale of human endeavor, else over-production 
would result. But, there is always room at the top. 
The great need is for a stabilizer, in the form of activi¬ 
ties disconnected from the production of material 
necessities, which will provide in every country a steady 
flow of money from hand to hand. This stabilizer 4s. 
close at hand. It will not prevent, but k will mitigate 
recurreit business d^ressdons. 

The nation’s spiritual and cultural advancement are 
of greater importance than provision for material well¬ 
being. Expenditures of public fimds for such purposes 
comparable with those for the safeguarding of life and 
propOTty, for the protection of health, and for facilitat¬ 
ing the exchange of products would not be unreasonable, 
but there is fear of the tax burden. Undw a well 
balanced program the nation should get vastly more 
scientific research, expantion of educational oppor¬ 
tunity, and encouragement of art. Elducation and art 
advancem^t should be provided for in all centers of 
population, by the erection of monuments, the estab¬ 
lishment of museums, art galleries, and conservatories 
of music, and by the maintenance of opera houses with 
opera companies. These expenditures would contribute 
to the spiritual uplift of the people and to the progress 
of civilization, ^oviaon for outdoor recreation should 
be made throughout the land on a scale never yet 
approached. Lands should be reserved and acquired 
so that those who go into the open may find suitable 
places to picnic and to camp. During 'periods of 
declining prices there also should be a spee^ng up of 
public works, on a sane program. Recourse to pick 
and shovel, instead of modem appliances, is but a 
trifle above giving a dole with its encouragement of 
idleness and of return to primitive conditions. 

The basis of such a program of course is a high rate 
of taxation, and any suggestion that the government 
spend more money, particularly in busiuess depressdons, 
is commonly frowned down. The fact is ignored that 
when capitalists close their purses, government must 
spend to avert disaster. Objection should not be to 
the magnitude of the sum to be raised, but to the 
prevailing unfair systems of apportioning the tax. If 
the burden were distributed conunensurately with 
ability to pay, there would be less dissatisfaction and 
the public soon would learn that the greater the tax 
the less the slump in the aggregate volume of the 
country’s business. 

Tax money thus put into circulation would create 
a voliune of business that readily could bear the tax 
fipom year to year. To make this clear, let it be sup¬ 
posed that times are hard, money^ scarce, and that 
Jones has run up a bill of $10(f at'the grocers. The 
grocer has gone into debt to a track gardefier in the 
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same amount; the truck gardener owes the butcher 
$100; the butcher owes the bak^; the baker owes the 
plmnber; and so on 100 times creating a total indebted¬ 
ness of $10,000 with 100 persons complaining of the' 
difficulty of making collections. Jones finds employ¬ 
ment and pays his grocery bill. The grocer pasra the 
truck gardener with the $100 received from Jones and 
so on imtil a single $100 in a few days may have reduced 
outstanding indebtedness by $10,000. The dollar 
started keeps on going from p^son to person normally 
from 30 to 50 times in a year, until hoarded somewhere 
pr^ until its speed is checked during some buriness 
depression. If money received from equitably levied 
taxation is spent economically at home it will, in pass¬ 
ing from hand to hand, create business in the long run 
for each taxpayer in substantially the proportion in 
which he has contributed. Each dollar thus expended 
by the government should create from 30 to 50 dollars 
of business in a year with, of course, some annual 
shrinkage. There appears no reason, in theory, why 
taxes should not be welcomed. 

Much unproductive property, such as furniture and 
works of art, is too heavily taxed. So also is real 
estate. "Why tax the goods or the material which 
the merchant or manufacturer has in stock when his 
business is “in the red”? They should pay something 
for the privilege of doing business, based upon the 
volume of business, and they shoidd contribute to the 
government a part of the net profits. The tax on real 
estate should ^ just enough to prevent the land from 
lying idle too long. The main guide in fixing the 
individual’s tax should be ability to pay, that is to say, 
his net income. Taxes should be graded and there 
might wdl be a minimum below which there would 
be ho taxes. 

Indirect bonuses have increased the tax b\uden of 
those who do not get such bonuses. The veteran is 
granted tax exemption, amounting in some states to 
$1,000, an indirect bonus perhaps equivalent to $40 
or $50 per year. Such exemption has almost universal 
approval. However, another veteran of necessity 
living in repted quarters with wife and children, 
and who therefore caimot benefit from the exemp¬ 
tion, does not get the indirect bonus for which he 
probably is in much greater need. The exemption is 
unfair; every such bonus should be direct, not indirect. 

Salaries of public employees and officials are tax 
free—equivalent to an addition to the individual’s 
eaimings—an indirect bonus automatically-largest for 
those with largest incomes who best could afford to 
pay an income tax. Earned incomes are exempted 
from the federal base tax to an extent of 25 per cent. 
An indirect bonus equival^t to the tax on $1,250 thus 
is given to the man who has a salary of $5,000. His 
ntighbor whose earned income is $30,000 obtains an 
indirect‘bonus six times as great, yet the latter is in 
better position to pay. Scientific, religious, and like 
institutions are •exempted, equivalent to giving a 
bonus. Jq tire eftait of the aggr^te indirect bonuses 


thus granted, the other tax payers carry a heaviSr 
burden. 

Government, state, and municipal bonds are tax 
free, supposedly for advantage to the public on the 
basis that they thus become marketable at lower rates 
of intwest—only a fancied advantage that may lead to 
injustice. All the bonds issued by one municipality 
may he held by residents of another. In the second 
city a corresponding amount of property is taken off 
the tax list, with the result that all othw property is 
more heavily taxed. The increased burden thus re¬ 
sults in advantage to the residents of another munici¬ 
pality. If all bonds issued by a mimicipality are 
owned by residents of that municipality, the tax rate 
on the remaining property must go up in an amount 
that will more than offset the advantage which results 
from the low interest rate at which the bonds were 
issued. If the holder of the bonds did not profit by 
the tax exemption, the low interest rate bon^ would 
not be attractive—another indirect bonus. 

When the Panama Canal was constructed bonds for 
nearly $400,000,000 were issued. These bonds went 
into the hands of bankm who deposited them in the 
United States Treasury for the privilege of issuing 
bank notes secured by these bonds. The bank notes, 
which may have approximated 90 per cent of the 
amount of outstanding bonds, went into circulation as 
currency, the banks thus being permitted to borrow 
from the public, at a small engraving cost and a mod¬ 
erate tax, hundreds of millions of dollars without 
pa 3 dng intwest—an indirect bonus. 

Under the Reclamation Act of 1902, and its amend¬ 
ments, the settlw is required to pay back to the govern¬ 
ment within 40 years the cost of the irrigation works, 
but without interest—an indirect bonus practically 
equivalent to the cost of the works. If constructed 
privately the works would have cost the settler twice 
as much. 

Several dries in Kansas have no taxes, a situation 
welcomed by all. The cost of government has been 
shifted from the tax payw to the rate payer in watw, 
light and pow«* bills, and car-fares. The public 
utilities are owned by the munidpalities and the 
profits are suffident to meet the budget requirements. 
By this arrangement the wealthy have been relieved 
of ikdr jvet share in the cost of government at the 
expense of those in moderate circumstances. Real 
estate owners and capitalists are presented with an 
indirect bonus. 

OthOT illustrations could be given to indicate how 
general these indirect bonuses have become. 

Equitable taxes and fair distribution of the cost of 
government is the first step to the expansion of actiAU- 
ties for cultural progress and public welfare as. a 
means of preventing extrmne distress during business 
depressions. 

Editor's N tot Pursuant to the invitation of The Engineering Founda¬ 
tion, the editors viil be happy to receive comments, suggestions, criticisms, 
or discussions pertaining to this or the other articles published in this series. 
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The SimpI ex 
Synchronous Motor 

Salient-pole synchronous motors with 
phase-connected damper windings are cap¬ 
able of developing high starting and pull- 
in torques with low starting current^ as 
revealed by information given here. 

By 

M. A. HYDE, JR. WesUnglioiimElec.aMeg. 

Associate A. I. E. B. Oo., Bast Pittsburgh. Pa. 


I^OTEWORTHY PROGRESS has 
been made during recent years in the application of low- 
speed synchronous motors to indristrial loads requiring 
both high starting and pull-in torques with moderate 
starting-current demand. The problems encountered 
are exemplified in the drive of grinding machinery in 
the ceifrent and nuning industries. Th^ has been 
built for this t 3 T)e of service a form of salient-pole syn¬ 
chronous motor which develops these characteristics 
electrically without the use of any mechanical clutch or 
other loading device, and in a manner resembling the 
starting characteristic of the slip-ring induction 
motor. 

Tests on machines of this type have shown starting 
torques in the order of 200 per cent of full-load torque, 
pull-in torques of 120 per cent and more, and starting- 
torque-per kva. ratios of from 0.6 to 0.7, 

The construction is basically that of a two-bearing, 
coupled, salient-pole machine with certain deviations 
from the hitherto usual form. Instead of the ordinary 
cage form of damper winding this motor employs a 
damper winding consisting, as usual, of a single bar per 
slot in the pole face; but these bars are of low resistance 
copper and are connected to form a polyphaw winding 
similar to the secondary winding of a slip-mg induc¬ 
tion motor. This construction is shown in Fig. 2. 
The damper winding is connected through three slip- 
rings to an external grid-tyi^ starting reristor. In 
starting, this resistor is cut out in steps by the control as 
is done in starting a slip-ring induction motor and the 
winding circuit thus is giyen a succesrion of 
decreasing resistance values, providing advantageous 
speed-torque characteristics throughout the accelerating 
period. 

‘"nifl SyaohroiMu* Motor with Phaae-Ooniwoted Damper WIndliig 
m Hlsh-Tbrqu LoaC*.'^ CN». ai -43) prajentod »t th* A. I. B. B. vliiter 

convention, New York, 1931. . , . 



Fig. 1. A 300-hp. 164-r. p. m. synchronous m t r 
of the phase-connected damper type and with 
associated control serving a cement plant 


It may be noticed in the rotor illustrated that the 
pole faces are comparatively broad, permitting the 
damper winding to occupy a large portion of the pole 
pitch and to be favorably distributed from the stand¬ 
point of phase balance. To avoid the high eddy cur¬ 
rents normally present during starting in the usual 
solid rotor rim, the rim of this machine is laminated. 

The. motor is started with field open-circuited; this 
eliminates the low-power-factor current that ordinarily 
circulates in the field when closed on a resistor at start, 
as commonly is done. The disadvantage generally 
resulting from open-field starting is the high transformer 
voltage on the field winding at start, and to obviatethis 
several motors of the type described have been con¬ 
structed with field designed for low-voltage excitation. 
These proportions involve higher excitation and fewer 
field turns, the latter resulting in lower transformer 
voltage on the field winding. A 1,000-hp., 1,800- 
r. p. m. 100 per cent power-factor motor constructed for 
low-voltage excitation required 8 kw. at 45 volts jdirect 
current, and developed at standstill by transformer 
action 3,300 volts across the field terminals. This 
voltage diminishes to zero as the rotor accelerates to 
synchronism. 

Since the transformer voltage on the field at start is 
proportional to the nmnber of field turns in series, the 
practise of field sectionalizing may be used. After 
extensive shop and service tests some motors have 
been built in which a centrifugally-operated sectionaliz¬ 
ing switch is employed to break up the field into sec¬ 
tions at start and to connect the sections in series after 
acceleration to a predetermined speed, when the trans¬ 
former voltage is correspondingly reduced. A 300-hp., 
164-r. p. m,, 100 per cent power-factor motor employing 
such a switch and with a field designed for 125-volt 
excitation developed about 3,0p0 volts per section. 
The switch is built as a unit enclosed" in a tight housing 
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mounted within the rotor. Close scrutiny will 
discern one of these switches in the rotor of Pig. 2. 

Control equipment employed with these motors is of 
®^agnetic *definite-time-sequence type; its operation is 
explained by Fig- 8. In the control diagram the field 
is shown separated into three sections at standstill 
by the sectionalizing switch F S. In starting, the 
spring-closed auxiliary field switch F-1 is opened first; 
then the stator is connected to the a-c. supply with 
full starting resistance in the damper circuit. This 
resistance is shunted in steps by the closing of S-1, 
'^-2, and S-3, and the motor accelerates along the 
COTresponding speed-torque curves B„ J?., R^, and Ro. 
hlext the aunliary-field switch P-1 is closed and the 
field; now connected to the field resistor, increases the 
mduction-motor torque along curve J?or- Finally 
d-c. excitation is applied by contactor P-2 and the 
motor synchronizes, operating thereafter as an ordinary 
salient-pole machine. In stopping, the centrifugsJ 
sectionalizing switch remains dosed until a low speed 
is reached, permitting the field switch P-2 to be 
opened previously and a discharge circuit through the 
field resistor established. The control is arranged to 
prevent starting the motor with the field sectionalizing 
switch in the closed position. The auxiliary field 
switch is used to separate the field terminals from the 
control apparatus during sU^ing, employing for this 
service a spring-closed contactor which ordinarily is 
motmted on » covered panel at the rear of the main 
panel. 

The tabulation of starting performance given in 
Table I shows test results attained with several repre¬ 
sentative ratings during the development of this equip¬ 
ment. The starting-torque kva. ratios of 0.6 and 0.7 
are about* twice the values considered good for low- 



Fig. S. Close-up ot the rotor of a 225-lip/ 360» 
r. p. m. m<;tor with phas -c nnected damper 
• . windings 
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Table I ^Simplex Motor Starting Performance 


Hp. rating.I.OOO. 300 .SOq. 350 

Speed In r. p. m. 180.164. 164 . ;400 

Power factor, per cent. 100.MOO.100. SO 

Rotor rim construction. Solid Solid Lai^ated Laminated 

tPulMn torque at 5 per cent slip. 126.115.122 118 

tStarting torque. 210.210.230/. V/ 190 

tStarting kva., locked rotor.... 430.460. 396. *268 

Ratio of starting torque kva.... 0.49... 0.46_ O.ss.... 0.7i 

tTorque and kva. given In iier cent of fuU-load value. 

^Starting kva. based on 100 per c«it power factor. 


speed synchronous motors of ordinary construction 
when designed for similar torques. 

It is interesting to compare this motor with the 
ordinary compressor motor. With a current inrush of 
276 per cent the standard compressor motor torques are 
^60 per cent starting and 40 per cent pull-in, whereas 
'the rimplex motor delivers with this same starting 
current a starting torque of 160 per cent and a pull-in 
torque of 120 pe* cent. This high starting performance 
is obtmned without sacrifice of efficiency, with excita¬ 
tion characteristics suited to commercial d-c. voltages, 
and with starting torque adjustable in value to suit the 
needs of the installation. 




20 40 60 80 100 120 140 160 180 200 220 240 
PER CENT rua LOAD TORQUE 


Fig. 3. Typiail elementoty control diagram (abov ) 
and aEiociated gpaed-torqu and current-torque 
curvei (below) 
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Stabilization 


interest on the part of the worker, but enthusiastic 
support. 


of Industry 

Details are discussed of a plan which would 
provide for the regulation of industry 
through mutual trade associations under fed¬ 
eral supervision. Production, consumption, 
and other factors would be coordinated to 
reduce cyclic variations; employees would 
participate jointly In providins unemploy¬ 
ment insurance protection and other benefits 
which would accumulate for the employee 
regardless of legitimate changes in company 
or industry affiliations. 


By. 

GERARD SWOPE 

Fellow A. I. E. B. 


President 

General Electric Company 


In the situation that confronts 

us at the present, the most disturbing aspect is that 
men who are able to work, who are competent workers, 
who, above all things desire to work, cannot find work 
to do. That this condition ever has been present in suCh 
periods detracts nothing horn its wrongness. That 
industry must evolve and make effective those measures 
which first will ameliorate, and ultimately eliminate it, 
must be tiie reaction of eveyone who gives thought to 
what is taking place. I say that industry must do this 
thing, because surely it will be done. 

Benefits earned by a worker in one employment are 
wholly or in large measure lost by forced changes; or the 
right of choice of employment, which should be in¬ 
alienable, is hampered. From the operation of individual 
life insurance and pension systems, however well con¬ 
ceived, has arisen the complaint of the “forty-year dead 
line,” which it is claimed has seriously affected the 
ability of men exceeding that age to find new employ¬ 
ment. Wide application is essential if ben^ts gained in 
one location are to follow the worker as necessity may 
indicate change of location, and this is a vital factor of 
any plan which will meet the need. If there were pro¬ 
vided in the United States a system of ben^ts accruing 
throutd^ the life of the worker and following him 
wherever he might go, from shop to shop within a par¬ 
ticular industiy, or from branch to branch within indus¬ 
try as a whole, such provition would enlist, not merely 

An address dellTer^ before the Nattonal Electrical Manufacturers 
Association at the Hotel Oommedore. New York« N. Y.. Sept. 16.1931. 


Production and Consumption Must be Coordinated 

Industry exists basically for serving the needs of the 
people, and therefore production and consumption must 
be coordinated. Consumption isby themassof the popu¬ 
lation, not the few, and the great mass of the popu¬ 
lation is made up of wage earners and their dependents. 
That they may be able to buy and satisfy their needs, 
they must have not only adequate incomes but must he* 
sufficiently assured of the future to feel .that they are 
safe in spending their money. The psychology of fear 
must be removed; and this cannot be done unless they 
have reasonable expectation of protection for thtir 
families in case of the breadwinner’s death, protection 
for their old age, and protection against unemployment. 
By “protection” I do not mean a protection that is 
given to them, but I mean protection that they them¬ 
selves help to provide. 

Shall we wait for society to act through its legisla¬ 
tures, or shall industry recognize its obligation to its 
employees and to the public and imdertake the task? 
Coordination of production is impossible under our 
present laws, and it is vain to think of their amendment 
or repeal imlftsgt the public is assured of the constructive 
nature of the steps industry will take, and that the 
interests of the public will be adequately*safeguarded. 

Underlying Principles 

The general principles und^lying what I am going to 
say are as follows: 

1. Every effort should be made to stabilize industry and 
thereby stabilize employment to give to the worker regularity 
and continuity of employment; and when this is impracticable, 
unemployment insurance should be provided. 

2. Organized industry should take the lead, recognizing its 
responsibility to its employees, to the public, and to its stock¬ 
holders—^rather than that democratic society should act though 
its government. If the various states act, industry wiirbe con¬ 
fronted with different solutions, lacking uniformity and imposing 
varying burdens, making competition on a national scale difficult. 
If either the individual states or the federal government act, the 
power of taxation has no economic restraints. 

3. There should be standardized forms of reports so that 
stockholders may be properly informed. As a result of the steady 
increase in number and size of corporations and number of 
shareholders, there has been much discussion of the uniformity, 
frequency, and regularity of reports of corporate activities, and 
considerable criticism of the form of these reports. Some are too 
conservative, some not sufficiently complete, while others are 
considered to be fair and complete. There is a lack of uniformity 
among the different companies. 

4. Production and consumption should be coordinated on 
a broader and more intelligent basis thus tending to'regularize 
employment and thereby removing fear from the minds of the 
workers as to continuity of employment, ^ to their surviving 
dependents in case of death, and as tcTold^age. This should be 
done preferably by the joint participation and joint sfdministra- 
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tion of management and employees. These things cannot be conditions of the business in such detail that there may be no 
done by an individual unit—organized industry must do them* criticism of irregularity or infrequency of statements or methods of 


* 5. If organized industry is to undertake this work, every 

effort should^ be made to preserve the benefits of individual 
originality, initiative, and enterprise, and to see that the public 
is assured that its interests will be protected. This can be done 
most effectively by working through the agency of the federal 
government. 

There is nothing new or original in what I am pro¬ 
posing. I am merely bringing together well-considered 
propositions that have found support, including some 
th^t have been put into actual practise. 

The following plan is offered as a means to correlate 
into a comprehensive whole the present undirected 
efforts of forward-looking business enterprises toward 
stabilization (1) for the further development of industry 
and commerce, (2) for the protection of employees and 
stockholders, (3) for the best service to the public, and 
(4) in general for the best interests of society. Legisla¬ 
tion will be required to make such a plan possible, 
including the probable modification of some existing 
laws. 

Trade Associations the Answer 

An outline of the more important features of a pos¬ 
sible *%dustrial constitution'' is given in the following 
paragraphs: 

1* All industrial and commercial companies (including sub¬ 
sidiaries) with 50 or more employees, and doing an interstate 
business, may form a trade association which shall be under the 
supervision of a federal body referred to later. 

2. These trade associations may outline trade practises, 
business ethics, methods of standard accounting and cost prac¬ 
tise, standard forms of balance sheet and earnings statement, 
etc., and may collect and distribute information on volume of 
business transacted, inventories of merchandise on hand, simpli¬ 
fication and standardization of products, stabilization of prices, 
and all matters which may arise from time to time relating to the 
growth and development of indusiry wid commerce in order to 
promote stabilization of employment and give the best service to 
the public. Much of this sort of exchange of information and 
data already is being carried on by trade associatons now in 
existence. A ^teat deal more valuable work of this charaoter is 
possible. 

3. The public interest shall be protected by the supervision of 
companies and trade associations by the Federal Trade Commis¬ 
sion or by a bureau of the Department of Commerce or by some 
federal supervisory body specially constituted. 

4. All companies within the scope of this plan shall be re¬ 
quired to adopt standard accounting and cost systems and stand¬ 
ardized forms of balance sheet and earnings statement. These 
systems and forms may differ for the different industries, but will 
follow a uniform plan for each industry as adopted by the trade 
association and approved by the federal supervisory body. 

5. All companies with participants or stockholders number¬ 
ing 25 or more, and living in more than one state, shall send to its 
participants or stockholders and to the supervisory body at least 
once each quarter and in the prescribed form a statement of their 
business and earnings. At least once each year they shall send 
to the participants qr stockholders and to the supervisory body 
a complete balanoe«»shMt and earnings statement in the pre¬ 
scribed fo!m.^ Iij^thisway the owners will be kept informed of the 

OCTOBm 19S1 


presentation. 

6. The federal supervisory body shall cooperate with the 
Bureau of Internal Revenue and the trade associations in develop¬ 
ing for each industry standardized forms of balance sheet and 
income statement, depending upon the character of the business, 
for the purpose of reconciling methods of reporting assets and 
income with the basis of values and income calculated for federal 
tax purposes. 

7. All of the companies of the character described herein may 
immediately adopt the provisions of this plan but shall be re¬ 
quired to do so within three years unless the time is extended by 
the federal supervisory body. Similar companies formed after 
the plan becomes effective may come in at once, but shall be 
required to come in before the expiration of three years from the 
date of their organization unless the time is extended by the 
federal supervisory body. 

PnoTfiCTiON Foa Emplotbbs 

S. For the protection of employees, the following plans shall 
be adopted by all of these companies: 

8A. A Workmen*s Compensation Ad, whioh is part of the 
legislation necessary under this plan, after careful study, shall be 
modeled after the best features of the laws which have been 
enacted by the several states. 

8B. Life and Disability Insurance. All employees of com¬ 
panies included in this plan may, after two years of service with 
such companies, and shall, before the expiration of five years of 
service, be covered by life and disability insurance. 

I. The form of poU <7 shall be detormlned by the assodatlon of which 
the company is a member and approved by the federal supervisory body. 
The policy will belong to the employee and may be retained by him and 
kept In full force when he changes his employment or otherwise discontinues 
XMurticalar service as outlined later. 

II. The face value of a policy shall be for an amount approximately 
equal to one year's pay. but not more than $5,000. with the mECeption that 
the employee may, if he desires, increase at hla own cost the amount of 
insurance carried, subject to the approval of the board of administrators, 
later defined. 

HI. The cost of this life and disability Insurance shall be paid ae>half 
by the employee and one-half by the company for which he works, with the 
following exception: The company’s cost shall be determined on the basis of 
premiums at actual age of employees less t h a n 85 years old and on the basis 
of 85 years of age for all employees 35 or over and shall be a face value of 
approximately one-half a year’s pay but limited to a maximum premium for 
$2,500 of insurance. An employee taking out inswance at age 36 or over 
will pay the excess premium over the amount based upon age 35. This will 
remove the necessity tor restriction against engaging employees or trans¬ 
ferring from one a>mpa]iy to another because of advanced ;$ge, as it 
will place no undue burden of high premiums upon the company. 

IV. The life and disability insurance may be carried by a life insurance 
company selected by the trade association and approved by the fed^^ 
supervisory body, or may be carried by a company organized by the trade 
association and approved by the federal supervisory body, or a single com¬ 
pany may be formed to serve all associations. 

V. The administration of the Insurance plan for each company riiaU b 
under the direction of a board of administrators consisting of representar 
tlves. one-half appointed by the management and one-half elected by the 
employee members. The powers and duties of the board for each company 
will be to formulate general rules relating to eligibility of employees, etc., 
but sads rules gbftH be in consonance with the general plan laid down by 
the general board of administration of the trade association of which the 
company Is a member, and approved by the federal supervisory body. 

VI. Provision for the continuation of a policy after an employee leaves 
one company and goes to another in the same association or goes to a 
company in another trade association, continuance of the policy after 
retirement on pension, provisions with regard to beneficiaries, total or 
partial disability, method of i^asrment of premiums by pajrroll deductions 
or otherwise, weekly, monthly ^r annually, shall be embodied in the 
plan formulated by the trade association, with the approval of the federal 
supervisory body. 
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Vll. If an employee leaves a company to go with one which Is not a 
member of the trade association, if he engages in business for himself, or 
If he withdraws from industrial or commercial occupation, ho may elect 
to retain the portion of the i>olicy for which he has paid in whole or in 
part, by the contintied payment of the proportional full premium costs; 
or he may receive a paid up ];)Olicy. or be paid the cash surrender value for 
the part for which he has been paying premiums. The cash surrender 
value of that portion of the policy paid for by the company will be paid 
to the company which paid the premiums, 

8C. Pensions, All employees of companies included in this 
plan shall be covered by old age pension plans which will be 
adopted by the trade asaooiations and approved by the federal 
* supervisory body. The principal provisions will be as follows: 

I, Ah employees may, after two years of service with a company coming 
within the scope of this plan, and shall, before the, expiration of h Ve years 
of service, be covered by the old age pension plan. 

II. All employees after two years' service may, and after five years’ 
service shall be reciuired to, put aside a Tninimutn of 1 per cent of earnings, 
but not more thsxi $50 per year, for the pension fund. The employee may 
if he desires put aside a larger amount subject to the approval of the board 
of administrators. 

HI. The company s hal l be re<;[uired to put aside an amount equal to 
the m in i m um stated above; namely 1 per cent of earnings of employees 
but not more than $50 per year per employee. 

IV. The above minimum percentage shall be the same for all employees 
who are less than 35 years of age when i>ayment8 begin and the minimu m 
percentage for these employees shall remain the same thereafter. The 
percentage to be set aside by employees coming Into the pension plan at 
35 years of age or over shall be so determined that it will provide a retiring 
allowance at age 70 tho same as though they had b^nm l per cent payments 
at age 35. These provisions enable employees to go from one company 
to another in the same association or to different associations at any age. 
with provision for retiring allowance which will be not less than the mini¬ 
mum rate of an employee who entered the pension plan at age 35. 

y. The amounts set aside by the employee and the company with 
Interest compounded semiannually at five per cent untU retirement at 
age 70. for a typical average employee, would provide on annuity of 
approximatdy one-half pay. 

VI. The administration of the pension plan for each company shall be 
under the direction of a board of administrators, consisting of representa¬ 
tives, one-lialf appointed by the management and one-balf dected by the 
employee members. The powers and duties of the board for each company 
will be* to formulate general rules relating to eligibility of employees, 
conditions of re'firemait, etc., but such rules shall be in consonance with 
the general plan laid down by the general board of administration of the 
trade association of which the company is a mmnbor, and approved by 
the federal supervisory body. 

VTI. The amoimts collected from the employees and the companies 
shall be placed with a pension trust organized by the associatioD, the 
management of whicb shall be under the direction of the general board of 
administration referred to hereafter. In no case shall such Amds be left 
under the control of an individual company. 

vm. The pension trust shall invest all funds and place them to the 
credit of the individual employees, including the income earned by the 
^rust. If an employee goes from one company to anoth^ in the opywa 
association, the funds accumulated to his credit shali be continued to his 
credit with proper record of transfer. If an employee goes to a company in 
another association, the funds accumulated to his credit shall be transferred 
to his ci^t in the pension trust of the associaton to which he goes. If 
an employee'goes to a company which does not come under these provisions 
or which Is not a member of a trade association, goes into business for 
bimsetf, or withdraws from an indxistrial Pr commercial occupation, the 
amount of hia payments plus the intwest at the average rate earned by 
the funds sliall be given to him. If an employee dies before readhing retire¬ 
ment age. his benefidary will receive the amount of his payments plus 
Inter^t at the average rate earned by the funds. When an employee 
^ reaches retirement age the entire amount accumulated to bis cr^t. in- 
duding his own payments and those of the company plus accumulated 
' ^tetest will be given to him in the form of an annuity. 

, If ^ employee go^ to a company whidi does not come under these 
]^visions or which is not a member of a trade association, goes Into busi¬ 
ness for himself, or withdraws fipm indwtrial or commerdal occupation, 

, he may dect to let the amount to his credit (namely, his own payments 
plus those, of the company and the accumulated interest) remain with the 
pmtoQ pmst for transfer. If he diould return to the employ of any com- 
p^y coming wlGiln the provisions of this plan. If he does not return 
to the eniploy of a company coming under these provisions ho may at 
any time thereafter withdraw the amount of his own payments plus interest 
at the average rate earned by. the funds to that time. Company eontri- 
buttons and accumulated interest, credited to employees who die or for 
reasons indicated above receive ;pr withdraw their own contributions and 
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interest, shall be returned to the employer or employers who made the 
contributions. 

IX. Tho rules governing the payments of pensions on retirement and 
all other rules governing its continuance shall be made by the trade asso¬ 
ciation. approved by the federal supervisory body, and observed by the 
general board of administration and tho board.s of administration of the 
member companies. 

8D. Unemployment Insurance, All employees on piece work, 
hourly work, daily, weekly, or monthly work, with normal pay of 
$5,000 per year or less (approximately $96.15 per week) shall be 
covered by unemployment insurance. 

I. All such employees may. after two years of service with a company 
coming within the provisions of this plan, and shall, aftK?r five years of 
service, be each required to put asidea minimum of one per cent of earnings, 
blit not more than $50 per year for an unemployment insurance fund. 

ft 

II. The company shall be required to put aside an amount equal to 
that put aside by* the employees, as set forth above f namely 1 per cent 
of the earnings of each employee but not more than $50 per year for each 
such employee. 

HI. If a company regularizes and guarantees employment for at least 
50 per cent of the normal wage paid year to such employees, the 
company assessment for employees <x>vered by such guarantee need not 
be made, but the employees will pay a minimum of 1 pw cent .of earnings, 
bat not more than $50 per year, into a fecial fund for their own benefit. 

If such an employee leaves the company, dies, or retires on pension, the 
amount to his credit in the specifd fund plus Interest at the average rate 
earned by the special fund, shall be given to him or to his beneficiaries or 
added to his pension. 

IV. If a company so plans Its work that It is able to reduce unemploy¬ 
ment, when the amount of such company's credit In the normal unemploy¬ 
ment fund is equal to, but not less than, 5 per cent of the normal 
earnings of the employees covered, the company may cease mnirfyig pj^y. 
meat to the fund. Employees' payments will continue. The company 
will resume payments when its credit in tho normal unemployment fund 
falls below 6 per cent of normal annual earnings of the employees covered. 

V. Whem the weekly payments made from the fund for unemployment 
benefits amount to 2 per cent or more of the average weekly e a mfp g s of 
participating employees, the company shall retire an unemployment 
emergency, and normal payments by the employees and the company shAU 
cease. Thereafter all employees of the company (Including the highest 
officers) receiving 60 per cent or more of their average full-time earnings 
shall pay 1 per cent of their current earnings to the imemployment fund. 

A similar amount shall be paid Into the fond by the company. The 
unemployment emergency shall continue until normal conditions are 
restored, which shall be determined by the board of administrators of each 
company. Thereupon normal payments will bo resumed. 

VI. The main provisions for the distribution of the funds shall follow 
along these lines unless modified by the board of administrators as set 
forth in section D paragraph VII hereof. A certain small i>6re6atage of 
tho normal payments of tho employees and the company may bo considered 
as available for helping participating employees In need. A larger per¬ 
centage of such normal paym^ts may be considered as available for loans 
to partidpaUng employees in amoimts not exceeding $200 each, with or 
without interest, as may be determined by the board. The balance of the 
funds shall be available for unemployment pa 3 rment 8 . 

Unemployment payments shall begin after the first two weeks of unem¬ 
ployment and shall amo\mt to approximately 60 per cont'of the par'tiGipat- 
Ing employee's average weekly or monthly earnings for full time, but in 
no case more than $20 per week. Such payments to individual employees 
shall continue for no longer than ton weeks |n any twelve consecutive . 
months unless extended by the board. When a participating employee 
is working part time because of lack of work and receiving less th an 50 
per cent of his average weekly or monthly earnings for full time, he dhall 
be eligible for payments to be made from the fond, amounting to the 
difference between the amount he Is receiving as wages fi*om t be 
and the maximum to which he may be entitled as outlined above. 

VIT. The custody and investment of funds and administration of the 
unemployment insurance plan for each company shall be under the direct 
tion of a board of administrators, consisting of representatives, one-half 
appointed by the management and one-half elected by the employee 
members. The powers and duties of the board shall be to formulate 
general rules relating to eligib^ty of employees, the waiting period before 
benefits are paid, amounts of benefits and how long they s h all continue 
in any year, whether loans shall be made in time of unemployment or need, 
whether a portion of the funds shall be placed at the disposal of the board 
for relief from need arising from causes other than unemplosrment, tc. ;but 
such rules shaU be in consonance with the general plan laid down hy the 
general board of administration of the trade association of which the cozh- 
pany Is a member, mid approved by the federal supervisory body, 

Vni. If an employee leaves the company and goes to work for another 
company coining within the provisions of this plan, the pfOportionate 
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amount remaining of liis normal contributions plus interest at the average 
rate earned by the funds shall bo transferred to such company and to his 
credit. If he leaves for other reasons, dies, or retires on pension, the pro- 
^ portionate amount remaining of his normal payment plus Interest at the 
average rate eavmed by the funds shall be given to him or to his beneficiary, 
or added to his pension. When such employee’s credit Is transferred to 
another company or paid to the employee or to his beneficiary under this 
provision, an equal amount shall bo paid to the cooperating company. 

9. General AdminUtration, Each trade association will form 
a general board of administration which shall consist of nine 
members, three to be elected or appointed by the association, 
three to be elected by the employees of the member companies, 
and three representing the public to be appointed by the federal 
supervisory body. The members of the general board, except 
employee irepresentatives, shall serve without compensation. 
Thd employee representatives shall be paid their reguliu: rates of 
pay for time devoted to board work, and all members shall be 
paid traveling expense.s, all of which shall be borne by the trade 
association. The powers and duties of this general board shall 
be to interpret the life and disability insurance, pension, and 
unemployment insurance plans, adopted by the trade association 
and approved by the federal supervisory body, supervise the 
individual company boards of administration, form and direct a 
pension trust for the custody, investment, and disbursements of 
the pension funds, and in general supervise and direct all activi¬ 
ties connected with life and disability insurance, pension, and 
unemployment insurance plans. 

Conclusions : 

The foregoing plan tends to put all domestic corpo¬ 
rations of the class described on a parity for domestic 
business, thereby removing the inequality of the 
different laws in the several states, provides for standard 
forms of financial reports and their periodical issuance 
for the information of stockholders, places on organized 
induistry the obligation of coordinating production and 
consumption, and of a higher degree of stabilization. 
This will tend to assure more imiform and continuous 
employment for the worker and to remove fear from 
his mind, allowing him to devote himself whole-heart¬ 
edly to his task. Cost of the product will include these 
items and will therefore be paid for by the users of the 
' article or service and not in general by members of the 
community reached by the vicarious method of the 
imposition of a tax. Then organized industry will be in 
the position that it should rightly assume of serving the 
pubiy yrtth public confidence and with the joint par¬ 
ticipation of workmen and management in the solution 
of these vital and far-reaching problems. 

The following provision is suggested to place domestic 
corporations of the sort described on a parity with 
foreign competition: Any company engaged in export 
business may, upon application to, and approval by, 
the federal supervisory body, deduct from its federal 
income tax the equivalent of X per cent of its export 
sales, this X per cent deemed to be the equivalent in 
selling price of the various provisions for the benefit of 
employees which the company must make imder this 
plan, and from which some foreign companies which 
the dome^c companies have to meet in competition 
are free. 

By this method American industry can discharge its 

obligation to its eni^loyees and by holding its position 

in world marlcets, 6ring additional work to America. 
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Synchronous Motors 
for Special Loads 

The field of the synchronous motor can 
be considerably widened by variations in 
the design of normal motors of this type. 
Special requirements in starting current and 
in starting, pull-in, and pull-out torque can 
be met without resorting to unusual forms of 
motor design. 

I 

By 

D. W. McLENEGAN 

, Associate A. 1. E. E. 

Both of the 

A. G. FERRiSS General Electric Co., 

Non-member Schenectady, New York 


^Synchronous motors have been 
applied in recent years to drives for which only the 
induction motor was formerly considered suitable. 
This practise has resulted from the need for motors 
operating at unity or leading power factor and for 
motors having high efficiency at low speeds. The use 
of s 3 mchronous motors for these applications has been 
made possible by great improvements in starting chmuc- 
teristics and mechanical design as well as new methods 
of control. 

The conventional type of synchronous motor is of 
cour% the salient-pole machine, as it permits that the 
field-copp^ space be a maximum, ^us ta^g full 
advantage of separate excitation with the large number 
of field ampere-turns required. Due to its greater 
excitation capacity, the salient-pole synchronous motor 
may employ a relatively large air-gap, which is me¬ 
chanically desirable, without impairment of electrical 
characterises. Small air-gaps on the order of 0.25 
per cent of the pole pitch must be used on induction 
motors to r^uce the magnetizing kva. Mechamcal 
limitations prevent the use of air-gaps smallm* than 
about 0.1 per cent of the diameter, so that induction 
motors with^more than eight poles are defimtely handi¬ 
capped. The normal design of the salient-pole s5m- 
chronous motor permits a natural air-gap of the order 
of I’J^ to 2 per emit of the pole pitch and mechanical 
limitations are not reached until the motor has 60 
pol^ or more. For this reason, the lower the speed 
the more favorable are the synchronous motor char- 

rtoM “Syndimous Motors—Dorign snd AppUesUon to Moot Bpeetel ’ 
Beafilrements," (Nq. 31 <^53) presented at the winter conrentioa of the 
A. I. S. B.t New York, January 26-30, 19dl.« 
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att^stics in comparison with those of the induction 
motor. 

The large air-gap also makes possible the use of 
larg^ stator slots with consequent improv^ent of 
space factor and efficiency. As high-frequency flux 
pulsations cannot cross a large air-gap, thicker lamina¬ 
tions may be used in the pole pieces. Space is provided 
in the normal design of the pole face for an amortisseur 
winding with ample heat capacity to enable the motor 
to start most industiial loads. 

The normsil type of synchronous motor which is 
best suited for steady-load op^tion has the above 
defflgn characteristics. However, startiii^ and accel¬ 
erating characteristics vary with speed and horsepowa*, 
and the type of load may require motor characteristics 
different from those given by normal dedgn. Without 
abandoning the basic form of ssmchronous motor out¬ 
lined above, the electrical design may be proportioned 
to attain the characteristics required for many exacting 
opoations. 

A 100-hp. 60-pole motor will have high reactance, 
and consequently low starting and pull-in torque, 
while the 1,000-hp. 20-pole motor will have low re¬ 
actance and high starting and pull-in torque. The 
empirical curves of Fig. 1 approximate the relationship 
between torques at synchronous and subsynchronous 
speeds for 60 cycles, 450 r. p. m., and lower. It is 
evident that for many applications involving low-speed 
motors it is necessary to ^d means of increadng the 
starting and accelerating torque; while for high-speed 
motors it is frequently desirable to reduce both the 
torque and the starting inrush. For the normal low- 
spe^ machine the starting inrush is 250 to 350 per cent 
of the kva. rating at approximately 30 per cent power- 
factor lag^g; while for high-speed mac^es the inrush 
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Fig. 1, Relation of starting torque to pull-out 
t rque for various sizes and speeds of 60-cycle, 
unity-power-factor synchr nous m tors below 450 
, >>p. m. 


varies from 500 to 800 per ^nt of normal rating at 
30 to 50 per cent power factor. 

Reduction op Starting Current and'Torque 

Heretofore where reduction of starting current or 
torque has been required, auto-transformers have been 
most widely used, while series reactors and resistors 
are sometimes used because of simplicity. 

Increasing the reactance in the primary windings of 
the motor at starting reduces the inrush and torque 
without modifying the synchronous characteristics and 
without an external voltage-reducing device. This may 
be secured by the use of a double-circuit stator winding, 
the external connections being shown in Fig. 2. One 
branch of each phase is en^gized at start, the other 
branch being connected in parallel as substantially 
full speed is attained. 

The reactance of the motor at start with only half 
the coils energized is much greater than with iill the 
coils energized. The reduced current input creates 
less flux to act on the rotor and consequently less 
torque is developed, as shown in Fig. 3. As with 
reactor starting, the torque characteristics approach 
normal during acceleration. This is particularly de¬ 
sirable for bloww and centrifugal-pump drives. 

A somewhat different application of the double¬ 
winding motor is to start without shock high-torque 


Fig. 2. External 
connections for 
starting with 
double-circuit 
stator winding 



loads such as ball mills, tube mills, and pulverizers. 
When the first circuit is energized, the motor develops 
sufficient torque to take up all gear and coupling slack. 
Enogizing the second circuit starts (tid accelerates 
the load without shock to the mechanical parts, and 
voltage disturbances on the line are minimized. 

Increase OP Starting Torques 

The need for starting and pull-in torques greater 
than those of a normal motor occurs most frequehtiy 
with low-speed motore. Considering this group, the 
following methods are available for increasing the 
subsynchronous torques. 

Oversize Motors. Increased torque in starting may 
be secured by an overdze motor, timilar to the normal 
motor but built to larger dimoirions for a given rating 
to make room for a greater tofe^ magnetic flux. , With¬ 
out restricting the magnetic section, the,wide pole 
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pieces accommodate more bars. These may be ar¬ 
ranged on a double squirrel-cage, using high- and 
low-reactance elements to improve the torque per 
amp^e add to fit the speed-torque charactaistics to 
the load requirement. The sp^-torque curves in 
Fig. 4 indicate the uniform torque obtainable from 
start to synchronism. 

This type of motor is widely used on rubber mills, 
ball and tube mills, crushers, and on certain types of 
compressors. High efficiency, ample thermal capacity 



in the amortisseur winding, and simplicity in design, 
construction and control are the factors favoring this 
t 3 rpe of motor. Double-winding increment starting 
is available to meet objections to the sudden applica¬ 
tions of high torque and to excessive voltage dips. 

The use of the high-torque motor is extended by 
installing reliable intermittent rated capacitors for 
supplying part of the magnetizing cinrent during 
starting, frequently, one capacitor can be used for 
starting several motors, and by cuttii^ out the capac¬ 
itor in steps §is the motor accelerates, the kva. demand 
may be regulated so as to prevent objectionable voltage 
variations. 

Overvoltage Starting. Where high-torque design is at 
a disadvantage in very slow-speed rating because of 
excessive size, weight, or torque, a normal motor with 
overvoltage starting may well be applied. Over¬ 
voltage starting of normal low-speed motors does not 
present any difficulties to the manufacturer. Wth 
150 to 175 per cent starting voltage, a low-speed, 
low-torque motor is not subjected to any higher per¬ 
centage of currmit or torque than is a high-speed 
motor started on full voltage. The short, stiff end 
tiuTQs of the stator coils in a low-speed motor require 
little or'no bracing to withstand starting stresses. 

OvQvoltage starting may be accomplished by 
stepping up the ‘line, voltage, through an auto-trans¬ 
former or by applying line voltage to only a part of a 



Fig. 4. Storting characteristics of a large low-speed 
rubber mill motor 


transformer primary winding. Starting torque varies 
as the square of the applied voltage plus a slight 
increase which comes from the fact that saturation 
decreases the starting reactance. If high pull-in 
torque is also required, as for starting a pulverizm* 
with full charge, the motor can be synchronized before 
the voltage is reduced to normal. This is best done 
without interrupting power so as not to let the motor 
drop out of step. 

DdtorStar Starting. Delta-star starting has been 
successfully used on motors required to start a heavy 
load with moderate inertia characteristic, but since 
the circuit must be interrupted in changing to normal 
connections after synchronizing, it is doubtful if large 
high-voltage circuit breakers are sufficiently fast to 
keep the motor in step. MoreovOT, no adjustment of 
starting charactoistics is possible except in the motor 
design. ' 

Tapped-Winding Starting. Whore it is found that 
a relatively small increase in starting or pull-in torque 
is required, a few coils of each phase may be cut out 
to decrease reactance and increase input. This pro¬ 
cedure lowers sjmchronous reactance, raises densities 
and core loss, and calls for more excitation. 

In a d^berate design it is possible to arrange the 
end connections so that a number of coils in each 
phase are cut out while starting on full voltage and 
picked up again after acceleration, so that full syn¬ 
chronous reactance is restored. Tests indicate an 
^ect similar to, bqt weaker than, overvoltage starting. 

Phase-Wound Starting Windings. As the wound- 
rotor induction motor with external rheostats in the 
secondary drcuit has excellent starting torque and 
current characteristics, many attempts have been 
made to combine these with the advantages of syn¬ 
chronous oi>eration. By uring such a motor with 
slightiy larger air-gaps and fewer and larger rotor slots 
than normal for an induction machine, the synchronous 
induction motor, mdely used abroad, is obtained. 
The slip-rings are connected to rheostats in starting. 
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and to a d-c. source at speed. This permits a much 
higher ratio of starting torque to starting inrush than 
is obtainable in the normal motor. 

The three fundamental difficulties with this type of 
motor are high cost, low efficiency, and high ratio of 
starting to rotor excitation voltage. The rotor start¬ 
ing volts^e at full-load torque may be some fifty times 
the excitation voltage unless changes in connections 
are made. These difficulties tend to limit the applica- 
' tion of the synchronous induction motor to a few cases 
of high-speed motors, where the disadvantage of in¬ 
creased excitation loss is minimized. 

Another scheme that presents interesting possi¬ 
bilities is the use of a normal salient-pole synchronous 
motor with a phase winding in the pole phases. This 
scheme has the distinct advantage of permitting 
normal efficiency to be attained, but it introduces a 
more complicated mechanical construction, and does 
not perinit as great a torque efficiency as the normal 
wound-rotor induction-motor construction. The phase 
winding must be carefully insulated and mechanically 
braced for high-speed motors, and this hampers accessi¬ 
bility of the field windings. To secure good starting 
characteristics and adequate heat capacity in the 
phase winding, it is desirable to use special pole con¬ 
struction at added expoise. To permit full flux and 
torque to exist at starting, the field winding must be 
open-circuited, with resulting very high induced voltage 
unless special low-voltage excitation is used. To avoid 
the latter, it is customary to sectionalize the field 
winding while starting. 

Supersynchronms Motors, The supersynchronous 
motor differs from the normal machine in that the 
external primary element is supported by bearings and 
is surrounded by a brake band. In starting, the 
primary is brought up to speed in the reverse direction 
and synchronized while the rotor with its connected 
load stands still. Gradual application of the brake 
slows down the primary, and starts and accelerates 
the rotor and load. Thus the pull-out torque of the 
motor is available during starting and accel^atiiig, 
and rated power factor prevails. The advantages of 
smooth control of acceleration and controllable low 
starting current combined with high torque make this 
motor widely used in cement mills, on line shafts, 
mine fans, and similar applications. The design is 
not applicable to high-spe^ motors, and unless its 
unique characteristics are important for a specific 
appfication, it is generally preferable to use a normal- 
t^e motor with th^e proper control features. 

One factor that should not be lost sight of.is that in 
any group of commercial designs in standard frames, 
some ratings will have more favorable starting-torque 
characteristics than others; and in specific cases it is 
often possible to enlarge the amortis^ur bars and 
increase the accelerating capacity well beyond the 
usual value. By this means normal-type motors may 
be built with an amortisseur winding to accelerate 
heavy loads, and much of the heat generated in the 
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bars during a gradual acceleration passes directly into 
the pole pieces. The permissible temperature of the 
bars is not limited by contact with any insulating 
material. In low-speed motors the thermal capacity 
of the amortisseur seldom requires any modification of 
the normal design, because of the relatively large 
diameter required for a low-speed motor. 

At the other extreme, two-pole synchronous motors 
are found to have excellent accelerating capacity in 
spite of the small motor diameter. By making the 
amortisseur in the form of very deep bars placed at the 
sides of rotor slots, a larger surface is provided fqr, 
transferring heat to the rotor iron. 

In genm^, for s 3 nichronizing with a large inertia, 
a normal motor with either a phase winding or a 
squirrel-cage can be designed with very low resistance 
to develop high torque at vay low slip. It seems to be 
characteristic of most flywheel loads that the load at 
starting is not high; hence the moderate starting torque 
obtained with a low-resistance squirrel cage of normal 
reactance is usually adequate for starting loads of 
this type. 

Synchronous CHARACTEaasncs 

The use of s^cbronous motors on steady loads does 
not pre^t any unusual probl^ns involving the 
synchronous characteristics. But where irregular loads 
and high momentary peaks occur, it is necessary to 
modify the normal deagn to insure successful operation. 

In any application which involves wide swings of 
load, the first question in selecting a motor is the 
power supply. If the capacity is relatively large, and 
power swings corresponding in ma^tude to the load 
swings are not objectionable, the first point is estab¬ 
lished in favor of the synchronous motor. If the supply 
is limited, and the load swings occur at very short 
intervals, the wound-rotor induction motor with a 
fl 3 nvheel and a slip regulator is still in demand. 

If it is found that the load swings can be assimilated 
by the ppwo* system, the characteristics of the syn- 
cWnous motor itself must be conadered. Fpp- any 
practical case involving peak loads of the order of 
one-half second duration or more, three alternatives 
are possible in applying a synchronous motor: 

1 . Provide a motor with sufficiently high sustained 
pull-out torque to carry the load without losing syn¬ 
chronism. 

2 . Ranove excitation and allow the motor to run 
on the amortisseur winding, resyncturonizing after loftd 
has been reduced. 

3. Automatii^y apply ^cess excitation to motor 
field during heavy overloads. 

The first method, which amounts to building an 
oversize motor, is particularly applicable where the 
load swings occur frequently. Although unity power- 
factor motors can be designed to develop 300 per cent 
pull-out torque or more by resorting to a very large 
air-gap and low-arinature reaction,'’ such, motors in 
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general will be larger than leading power-factor motors 
which develop the same pull-out torque. Since the 
sjmchronous motor is often chosen primarily for power- 
factor improvement, motors of 80 per cent or even 70 
per cent leading power factor are commonly selected. 

Even with this torque avaUable, motors are occasion¬ 
ally thrown out of step by extreme overloads, and a 
study must frequently be made of the flywheel effect 
of the machine, together with the sustaining torque 
of the amortisseur winding, to determine whether the 
motor can carry through the peak load without too 
^ great a reduction in speed. With adequate data the 
' speed reduction can be estimated closely; and if this 
is not too large, the. duty of accelmiting back to syn¬ 
chronous speed will not endanger the amortisseur 
winding, ance the heating of this element for a given 
output, varies with the slip. 

After a motor has been forced out of synchronism, 
the d-c. excitation must be removed temjwrarily ance 
otherwise the motor would generate a braking torque 
in opposition to the accelerating torque of the amor¬ 
tisseur winding. Then the load must be limited also 
to a value which will enable the motor to resynchronize, 
the means of limiting this load depending upon the 
type of load. 

For meeting such conditions where the motor may be 
pulled out of step frequently, the synchronous induction 
motor would be well suited except for the inherently 
low pull-out torque of this type. If designed for 
good starting characteristics, unity-power-factor de¬ 
signs will have only 120 to 140 per cent pull-out 
torque. By designing for 0.8 leading power factor, 
176 to 200 par cent pull-out torque can be obtained. 
If the overexcitation is further increased to obtain still 
higha* synchronoios torque, the loss in efficiency may 
be serious. Obviously, the wound-rotor machine can 
be justified only by very severe accelerating duty or 
starting current requirements. 

Many possibilities for increasing pull-out torque are 
presented by quick-response excitation. • If a synchro¬ 
nous motor is subjected to occasional peak loads much 
greSiter th^ the average load, and the field excitation 
can 6e quickly increased to meet these overloads, a 
material'reduction in the aze and cost of the motor is 
sometimes possible. In addition, the motor may be 
designed for best efficiency at the average load condi¬ 
tion, and the motor power factor will be held more 
nearly constant during the load changes. The problem 
is the same as that involved in overexcitation of gen^- 
tors to maintain synchronism during short circuits, 
except that most industrial motor installations cannot 
justify the refinement and expense of the equipment 
used with large generators. 

"When a heavy load is suddenly applied, a S 3 ni- 
chronous motor can momentarily exwt a torque to 
greater than its sustained maximum torque. This 
usually gives sxiffident current for changes in excitation 
to be made, provided the excitation system is sufficiently 
fast. In.the larger motor tizes, modification of the 


exciter may be necessary to increase its rate of voltage 
rise. For small motors, such as 100-hp., usually it will 
be more economical to build a motor having this higher 
torque inherently, than to resort to overexcitation with 
a larger exciter and additional control. 

Anolher method of overexcitation which is sometimes 
used is to operate a 125-volt exciter at 175 or 200 volts 
for example, and dissipate the difference between this 
value and 125 volts in a fixed resistor in series with the 
motor field. A contactor is then used to short-circuit, 
the resistor when the motor load exceeds a predeter¬ 
mined value. 

Interesting possibilities are found in the use of elec¬ 
tron tubes for overexciting a sjmchronous motor, 
although this has not yet been applied commercially. 
In applying any field-forcing scheme, the motor field 
must be of liberal design so that the intamaittent high 
excitation will not overheat the field coils. With ade¬ 
quate margin provided, however, the field winding can 
still be considerably smaller than that of an equivalent 
high-torque motor which carries high excitation current 
continuously. 


Severe Lightning Tests 

Made on "Surge-Proof" Transformers 

An INTERESTING SERIES of 
lightning tests was made on Sunday, August 23, by 
the Westinghouse Electric and Manufacturing Com¬ 
pany on each of four 42,000-kva., 220-kv. single-pha^ 
transformers. These units are of the new non-oscil¬ 
lating surge-proof type of construction recently de¬ 
veloped by this company, which states that the 
transformers embody features of insulation design 
effecting greatly improved impulse strength. 

These tests are claimed to be significant for two 
reasons: first, that the transformers are by far the 
largest commercial transformers on which actual 
lightning tests have been made; and second, that the 
tests were much more severe than any heretofore 
applied to a commercial transformer.. Each trans¬ 
former was set up with a 64-in. protective gap, and 
connected to the surge generator with a short line 
supported by a string of fourteen standard insulator 
disks. The following tests then were carried out: 

1. Sevoral long-wftve surges were applied to the transforiiier, the 
volti^e b(^g raised gradually until flashovcr of the protective toot 
place. 

2. The gap was then removed and long-wave surges of still higher 
voltage applied until the string of fourteen standard insulator disks flashed 
over. 

3. The insulator string was replaced by one having twenty-one dMcs 
and the voltage increased until flashover of the transformer buddng 
occurred. 


OcTOBEai 1981 


823 



4. In order to simulate a direct stroke of lightning, a suige which rose to 
the dashover value of the protective gap was applied In a small fraction of a 
microsecond. 

The first three of these tests proved that the require¬ 
ments of coordination between the four eluents, 
transform©* insulation, bushing, line insulation, and 
' protective gap, had been met. They also showed that 
the longest waves that could reach the transformer, 
even with an over-insulated line and no protective gap, 
..produced no internal oscillations to overstress the 
insulation between the winding and ground. 

The steepest wave front produced by natural light¬ 
ning which has been recorded to date was found by 
Pittman and Torok (see Electrical ENGmEBEiNG for 
July 1931, p. 494) to have a rate of rise of 4,000 kv. 
per micros^nd. The wave front used in the fomth 
test above was nearly three times as steep as that 
measured by Rttman and Torok. It was thus proved 
that the transformer would withstand surges r^resenta- 
tive of the severe conditions of a direct lig h tning stroke 
on the line close to the apparatus. At no time during 
these tests did the transformar show any signs of 
distaess. After the lightning tests were completed, 
the regular A. I. E. E. insulation tests were repeated as 
further evidence that the transform©* had suffa'ed no 
damage.' 



FUthover: f lin intulalor with fourteen standard 
disks at,approximately 1,300,000 V U 
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Relaying with 
Two Pilot Wires 

The fastest relay scheme for isolating a faulty 
section of transmission line is the pilot-wire 
system. This usually requires four wires 
between stations, and therefore cost limits 
its application to short sections of line. A 
modified scheme is described herewith 
which reduces the number of wires needed. 

By 

C. H. FRIER Oklfthoma Qaa & Blectrlc 

Co., Oklahoma Oity 


PILOT-WIRE RELAYING for trans¬ 
mission lines has the advantage of giving fast operation 
and of bdng independent of the setting of sdective 
rdays. With the usual definite time rdays, the time 
settings of the relays must be increased in each succes¬ 
sive section of line. This means that the section near 
the generating station frequmtly has such long settings 
that low-voltage conditions during faults on the system 
may exist long enough to drop ssmehronous equipment 
out of step. In c©‘tain cases, other fonns of rela 3 rs 
may be applied to obviate this difiiculty, but the pilot- 
wire sdi©ue is idesJ from the standpoint ol quickly 
isolating the faulty section of the line. It is especially 
advantageous in eliminating the difficulty of relaying 
on complex lopps and networks. 

The usual scheme of pilot-wire relaying consists of 
balandng the secondary currents of cuir©it trans- 
form©'s at both ends of the line. This requires four 
pilot wires betwe©i stations, and their oost usually 
limits the application of this scheme to short lines. 
The tel^piaphic pilot-wire relay sch©ne developed by 
the Oklahoma Gas and Electric Company requires one, 
or preforably two, pUot wires, and is therefore applicable 
to relativdy long lines. It insures quick isolation on 
the occurrence of any type of line or ground fault 
where there is a source of power at both ends of the 
transmission line section. In addition to the pilot-wire 
relays the usual selective relays are used as back-up 
protection against the failure of the pilot wire. A 
supervisory system can be installed and is desirable 
to enable the operator to chedc the conditions of the 
telegraphic circuit at any time. Also, this drcint may 
be used simultaneously for telephone comm'unication. 

Jhcom “TelecnvUc mt-WM lUdi^r Syrtwij" (!*». SIMM) to be pro- 
Rented t the A. 1, -B. B. South West District meoting, Ksnsas Olty, 
Mo., Oct. 22-24* 1081. • 
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Fis< 1- Fundamental scheme of pilot-wire relay 
system 


To remove hazards to life or equipment aU current and 
potential transformers are grounded securely. 

It usually will be more desirable for the operating 
company to lease the pilot wires from the telephone 
company than to own and maintdn its own lines, as 
telephone wires strung on the high-voltage line towers 
are not feasible due to the high induced' voltages; 
separate structures therefore are necessary. 

The pilot-wire scheme contists essentially of direc¬ 
tional and non-directional overcurrent relasrs at each 
end of the line, operating on low current flow into the 
section bmg protected. Current flow ftt>m dther 
station into the line causes these relays to operate a 
transfer relay at the same station. The contacts of 
these transfer rela^ at both ends of the line are in 
series with each other through the pilot wire and 
ground return. The occurrence of a fault on the line 
section causes the currrait rdays at both ends to oper¬ 
ate, energizing both transfer relays, the contacts of 
which close the telegraph-wire circuit. • Thus through 
aiudli^ rdays the tripping coils of the oil drcuit 
breakers on both ends of the line are energized. 

The details of the fundamental scheme are shown in 
Fig. 1, the current rela 3 rs in phases B and'C being 
identi^ to those shown for phase A. The -watt 
contacts of the directional overcurrent J) close when 
cuirent is flowing away from the station bus. The 
overcurrent contacts of relays D are.^ven relatively 
high current and time settings and form the secondary 
or “back-up" S 3 retem. Relays T and P are oyer- 
current relays of the pilot-wire sdieme and are given 
low settings. Upon the occurrence of a short circuit 
at X, the watt contacts on relays D and the. over- 
current contacts on relays P at both stations A and B 
operate. This energizes transfer rday 1 at each 
station which closes the pilot-iyire drcuit through the 
operating coils of relays 6 and 7. These latter in turn 
energize relays 2 whi(^ remove the short circuits from 
the current coils of relays T. These are given instan- 
taneous,time settinj^, and current settings only slightly 
over the iwaviTmim load current so that when a fault 
occurs on the section and tiie short circuit is rmoved 
from the opwatlng•coils of relays T, botii drctiit 
brealmr^ ai« Mp^; at the same time. Although only 


one pilot wire with ground return may be used, the 
use of two pilot wires and ground return as shown in 
Pig. 1 gives more reliable operation. These lines are 
usually leased in pairs, and by coimecting them through 
a repeating coil at each end, satisfactory operation 
may be secured ev^ with an open circuit on one line 
or a short circuit between lines, provided there are no 
grounds. 

Thepurposeof theovercurrentphase selective relays P 
is to isolate the watt contacts of relays D. If the latte* 
were coimected in parallel, incorrect operation would 
result during certain cases. For example, if these watt 
contacts in each phase were not isolated and a short 
circuit occurred at X X, drcuit breaker 1 at station A and 
circuit breaker 2 at stetion B would be opeied. Con¬ 
sidering the relays of drcuit breaker 1 at station A, 
relay P and the watt contact of Z) in phase A would, of 
coiuse, dose due to fault current and energize the 
transfer relay at station A. Considering the rdays 
for circuit breaker 2 at station B, load current would 
tend to dose the watt contacts of rday D in pha^ 
B and C, and the contacts of relay P in phase A also 
would be closed by the fault current. It is apparent 
therefore that if these watt contacts were not isolated 
by relays P in each'phase, tiie transfer relay would 
also be energized to complete the drcuit through the 
pilot wire and trip the circuit breakers on the good 
section of line. 

A lock-out scheme, the elments of which are diown 
in Fig. 2, further insures correct operation. The 
operating coil of multi-contact rday 8 is connected in 
paralld with tiiat of trander relay 1 of tiie switch on 
the opposite side of the same station. Rday 8 short- 
circuits the current coil of relay P. A fault at X 
vdiich would cause circuit breaker 2 at station A to 
open would also energize lock-out rday 8 of circuit 
breaker 1 at station A, so that this latter circuit 
bleaker could not oi>en on through faidt. This is 
detirable as tiie op^ung of drcuit breaker 2 mi^t set 
up trandents whidi would close the watt contacts of 
the rdays on circuit breaker 1. This condition would 
result if a synchronous condenser, a generator, or a 
transformer bank with the high-voltage side connected 
star and having its neutral grounded, were connected 
to the bus at station A. 

A supervisory sydem, shown in Fig. 3, is used to give 
a continuous indication of the condition of the pilot 
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and wire to indicate operation of the equipment. Any 
operations of either the supawisory relay 4 or of the 
polarized relay 2 will give an indication on the record¬ 
ing voltmeter. The supervisory relay circuit is ener¬ 
gized at all times unless the pilot-wire circuit fails or 
an operation of the transfer relay 1 occurs. Normally, 
the contacts of relay 4 are in t^e closed position and 
due to the resistor in the circuit the voltmeter reads 
slightly lower than battery volti^e. If relay 4 is 
de-energized due to an open circuit or a ground in the 
pilot wire, the voltmeter will read zero and an alarm 
will sound. At station B, relay 3 will remain energized 
on a gromided pilot wire, but an increased reading on 
the milliammeter will result. 

The telephone system by which the operators at two 
stations may communicate with each other is also 
indicated in Fig. 3. When it is desired to test the 
condition of the pilot-wire system the opmitors com¬ 
municate with each other by telephone, and then 
operate the push-buttons in each station to cause both 
transfer relays to become energized. If there is no 
trouble on the pilot-wire system the alarm will sound. 

Provision is made also for instantaneous clearing of a 
faulty section in the event of a substation opmitor 
closing a circuit breaker on a faulty line after the circuit 
breaker has tripped. This is accomplished by con¬ 
necting the coil of rday 9 in parallel with the circuit 
breaker closing coil. Relay 9 is energized by pulling 
the closing button and then closes its contacts to 
remove the short circuit from the tripping relays T. 
If the current is abnormal, the switch ^ trip immedi¬ 


ately without the assistance of the pilot-wire featiues. 

One of the refinements which may be utilized is the 
use of a sin^e pilot-wire installation protecting two 
parallel transmission lines. This scheme requires 
additional polarized rdays which function only when 
current is flowing in one direction. 

There are 193.5 mi. of actual telegraphic lines used by 
the Oklahoma Gas & Electric Company for the pro¬ 
tection of its 66-kv. system. Over a period of five 
months, and during the most inclemmt weather, the 
total outages of the pilot wires amounted to 182.5 hr. 
or 36.5 hr. per month. During the first six months Of ‘ 
1931 there were 38 correct operations and only tlnee 
incorrect operations. These were all caused by light¬ 
ning closing the telegraph relays at one station while 
there was trouble on the adjacait section. Cycle 
counter tests have revealed that the ^tire equipment 
functioned in from 9 to 12 cycles, and with unvarying 
predsion. 

Although the telegraphic pilot-wire system is appli¬ 
cable to loops and networks only or wh^e current is 
flowing into a fault from both directions, its use has 
been foimd to be justified by its quickness of operation 
on all types of line and ground faults. Since it is 
frequently necessary to lease wires from the telephone 
company for communication purposes, and the same 
wires can be used for the pilot-wire relay system, the 
additional expense in such cases is small. Another 
advantage is that where a power system is expanding 
rapidly, this pilot-wire relay sch^e can be applied 
without rearranging the entire relay syston. 
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Fig. 3. Comple*«i|M'<it-wir relay sch m except for Id'clc-out relays and iiisfruraent transformer prcail. 
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Experiments 
With Short Arcs 

Observations were made on all phases of 
the arc discharge, including the transition 
period between the glow and arc stages. 
Current density at the cathode is shown to 
be the factor determining when that transi¬ 
tion will take place, rather than the tempera¬ 
ture of that element as was thought formerly. 

By 

G. M. SCHRUM University of British 

Colombia, Vancouver 

H. G. WIEST, JR. General Eloctalc Oo. 

West Lyim, Mass. 
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■ HENOMENA associated with arc 
discharge between cold metallic electrodes are unusually 
comply, and in gmieral not well understood. In view 
of the growing use of the arc commerdally, especially 
in industrial welding op^tions, a further study of tiie 
physical mechanism underlying this particular type 
of discharge seems warranted. This investigation 
is concerned chiefly with short arcs (a few millimeters) 
between iron and copper electrodes in air and some of 
the inert gases, the gas pressures ranging from atmos¬ 
pheric to about 1 mm. of Hg. Particular attention has 
been devoted to the transition period between the so- 
called abnormal ^ow discharge and the actual striking 
of the arc. 

Previous investigations have shown that this transi¬ 
tion .pisriod js quite abrupt and many workers have 
doubt^ even tlie existence of such a transitory region. 
One common belief is that as the glow spreads over the 
electrode surface, the cathode gradually becomes heated 
sufficiently at some point to start an arc. In the 
present tests, however, a continuous traijisition was 
observed not only from the glow to the arc, but also 
in the reverse direction. The results indicate also 
that cinrent density at the cathode rather than the 
temperature of that electrode is the factor determining 
when the transition takes place. 

In the first series of tests a number of experiments 
were made on the arc dischai^e itself with currents 
ranging from 1 to 20 amperes. The arc .current was 
suppli^ from a 250/500-volt d-c. generator, thie current 

From '*6ome Bzpeiime^ 1^1111 Arcs BetWeen Metal Bleotrodes/* 
(No. 31 •lA) presented^kt tbe A. 1. B. E. winter convention, New York, 
Jan. 26-30,^3341. 



Fig. 1. Apparatus for studying the characteristics 
of low-current arcs in different gases 


being adjusted by means of an external series resistance. 
In order to obtain reproducible results electrodes of 
approximately tbe same size and shape were used 
t^ughout, a convenient size having been found to be 
1/8—3/16 in. in diameter and 2 in. long. 

Chabactebistics op Abcs m Vabious Gases 

In this group of tests, results in general were found 
to agree fairly well with those of previous investigators. 
Steady arcs could be maintained in all cases in air or 
carbon dioxide, while in hydrogen, argon, and nitro¬ 
gen, the arcs were either unsteady or would not strike 
at all. At low^* pressures the arcs were less stable for 
all gases. 

During some of the experiments, electrodes which had 
been used for arcs in air were found to give steady 
arcs later when used in argon. Further investigation 
showed that this phenom^on was due to oxidation of 
the electrodes when used in mr, the same degree of arc 
stability being obtained in argon with electrodes 
oxidized by other methods. In addition it was found 
necessary to treat the cathode only; a stable arc 
could be maintained with a clean iron anode, and an 
oxidized cathode in argon and nitrogen, and also for a 
short time in hydrogen. With the ^ectrodes reversed, 
that is, using a dean cathode and an oxidized anode, 
the arcs were unstable in these gases. 

Further observation showed that when an arc was 
struck in various gases with the treated cathode, the 
cathode spot was established at the point where the 
dectrodes had been in contact, and remained station¬ 
ary; with the clean electrode this spot wandered so 
rapidly ova: the surface of the cathode that the are 
soon broke. In order to investigate this characteristic 
further, a flat plate cathode was made, part of the sva*- 
face of whidi was oxidized, the remainder being clean- 
When an arc was struck on the oxidized surface, it 
remained steady, buit when struck on the dean surface 
it wandered as bdore but did not cross over on to the 
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Fig. 2. Electrjcal equipment used in experiments 
on low-current arcs 
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Fig. 3. Voltampere characteristic o( the dis¬ 
charges preceding formation of the arc 

S-fflin. arc between copper electrodes in commercial 
argon under 2-cm. (Hg.) pressure 

oxidized portion. On the basis of these tests the oxide 
seems d^nitely to prev«it wandering of the cathode 
spot since other tests showed that this characteristic 
was not due to the roughness of the oxidized surface. 
This point is of particular note when it is considered that 
if the spot is prev«ited from wandering, the cathode 
temperature rises locally at that spot, and a steady arc 
results. 

Tests in Dby and Moist Gases 

In addition to the foregoing experiments, tests were 
made for the purpose of comparing arc characteristics 
in both dry and moist air and argon, respectively. 
Results of the tests in argon showed that the volti^ 
drop across the arc in moist or argon was from 16 to 
20 per cent greater than for the dry gas. Also the 
arc was found to be mudx more stable in moist tb^ 
in dry argon especially at low currents, due perhaps to 
the oxidation which -took place in the moist gas. 
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Similar results were obtained for the tests in moist and 
dry air respectively, although the difference in arc 
drop was not quite so great. r 

The principal significance of the results of these 
particular tests is that if water vapor can be supplied 
to an arc used in welding the general effect would be to 
raise the potential drop of the arc, and thus for the 
same current increase the rate of melting. 

To supplement the information already obtain^, 
spectroscopic observations were made to determine 
whidi electrode contributed the greater amount of 
vapor to the arc stream. For this purpose a Hilger. 
constant deviation glass spectrograph was used. 
Relatively low currents were employed for these experi¬ 
ments so that little or no fusion of the catiiode took 
place. Results showed that the s^tra in each case 
was typical of the cathode material although a few 
faint lines due to vapor fix>m the anode were observed. 
The degree of excitation at the cathode thus is indi¬ 
cated to be much more intense than at the anode. 

TBANsmoN Between Glow and Abo Dischakgbs 

In this portion of the study apparatus was arranged 
so as to enable fhe discharge characteristics to be 
obsaved between current values of 1 microampere 
and 2 amperes. A diagram of equipment used may be 
seen m Pig. 1, while Fig. 2 shows schmatically the 
dectrical connections. The arc chamber K conasts 
of an 8-in. Pyrex bulb, electrodes being supported by 
the molybedenum rods Bi and Ri sealed in ground glass 
stoppers Si and iS,. To limit the area of cathode 
exposed to the discharge so that the r^on of the 
abnormal cathode glow might be explored properly, 
the cathode was made with two quartz'protecting 
tubes Ct and and with a large ribbed copper sleeve 
Cl for cooling purposes. With this arrangement the 
cathode area exposed was about 0.22' sq. cm. The 
lengtii of tiie arc gap was determined’ by a traveling 
microscope M with suitable scale, in conjunction with 
knife edge R attached to the rod of the soft iron plunger 
P. Glass bdids B in the bottom of the bulb served to 
prevmt drops of molten metal from cracking the ^ass. 
The heavy tungsten filament F serves to clear the 
bulb of all traces of oxygen in the argon. 

For currents of fr^m 1 to 100,000 microampere 
switches Si and <S» (Pig. 2) were closed. Whep the 
current value were su(di that the kenotron U was 
required, switch Ss was in . position 1; during those 
portions of the test in which the desired current varia¬ 
tions could be obtained by external reristance Sz was 
thrown to porition 2. For currents from 0.05 to 6.00 
ampere a Uy-214 type kenotron was used, whQe for 
the lower currents a smaller three-element tube with 
grid and plate tied togetiie was employed. 

Arc-voltage redings were taken wiih various type 
of electrode for currents varyii^ from 1 microampere 
to 2 ampere. For this portiofi o^ the investigation 
observations were made on the galvanoBaeter <?. 
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Within this rai^e of current it was possible to trace the 
development of the discharge from the corona or brush 
discharge^ through the normal glow and into the region 
of abnormal glow. A typical curve obtained from data 
taken in this manner for copper electrodes separated a 
distance of 2 mm. in commercial argon at 2-cm. (Hg.) 
pressure is shown in Fig. 8. Examination of this curve 
will reveal the fact that the volt-amp^e characteristic 
is negative for the brush and normal glow discharges, 
becoming positive for the abnormal glow discharge. 
While the maximum voltage reached in the abnormal 
glow period varied somewhat an average value was of 
the order of ,600 volts, and the corresponding current 
about 100 milliamperes. As the current was increased 
still further, the arc voltage decreased steadily until a 
drop of from 80 to 50 volts was reached, at which time 
the discharge exhibited all the characteristics of the 
true arc. 

Due to the excessive heating of the cathode and of the 
protecting refractory material, difficulty was experi¬ 
enced in obtmning reproducible results within the 
traiuntion region betwe^ abnormal glow and arc 
discharges. To overcome Ibis difficulty, a large keno- 
tron (UV-214 type) was employed for limiting the arc 
current, and an osdllograph was used to study the 
rapid changes occmring within this region, the two 
elements being coimected as shown at Ei and Et 
(Mg. 2). 

To obtmn the desired observations, the temperature 
of the kenotron filament was adjusted so as to give an 
arc current of about 2 amperes. The arc was then 
struck and switch St (kenotron ^lament switch) was 
opened. As the filament temperature dropped, the arc 
current gradually decreased, the discharge passing 
through tile various low-current stages. Oscillogram 
records were obtained simultaneously with this op^- 
tion. Transition from the abnormal glow to the arc 
discharges was observed by starting with the normal 
glow discharge, then closing St, the kenotron filament 
switch; tills gradually increased the arc current there¬ 
by causing the dischwge to pass through the abnormal 
glow and into the arc stage, simultaneous oscillograph 
record being obtained as b^ore. 

A typical osdllogram showing the changes occurring 
between arc and abnormal ^ow is shown in Fig. 4 which 
was made with a short arc between copper electrodes 
in argon at a pressure of 25 cm. (Hg.). The duration 
of this experiment is indicated by the 60-cycle timing 
wave. In Fig. 5 is shown the volt-ampere chm-acteristic 
pjotted from the data given in Fig. 4. The transition 
from arc to ^ow was found to be quite abrupt. In 
other tests the transition from glow to arc was found 
to be practically identical and to take place at practi¬ 
cally the same voltage and current values as the change 
from VC to glow. Since the time required for the 
kenotron filament to reach any particular value of 
discharge current must be different in the two cases, the 
tranmtion would* appear to be governed more by the 
cathod^curr^t density than by its temperature. 
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At lower pressures the tranrition between arc and 
glow was observed to be more gradual. This was true 
especially with short vcs. Thus it is quite obvious 
that both high pressures and long gap Itogths tend to 
produce sudden transitions. 

Results of these experiments indicate clearly the, 
presaice of a definite transition phase between the 
abnormal glow and arc discharges, although the volt- 
ampere characteristic for this stage is quite abrupt. 
Also current density at the cathode is shown to be ^e' 
principal factor determining when this transition takes 
place rather than the tempaature of that electrode. 
This contention is supported by other experim^ts 
in which the exposed vea of the cathode was increased. 
In these, much higher currents were required before the 
arc could be developed, in spite of the fact that the 
electrode temperature occasionally was high enougdi to 
cause fusion. 

An extension of this study of the transition from glow 
to arc and from arc to glow under various conditions 
appears to be a line of investigation which should lead 
to interesting r^dts. An arrangement permitting the 
control and accurate measurement of electrode tempera¬ 
ture especially that of the cathode, together with oscillo¬ 
graph records of the transition stages, should lead to 
a letter undvstanding of the actual mechanism by 
which electrons are emitted from the cathode. 



Fig. 4. Typical oscillogram (or transition from arc 
to glow 

l-mm. arc between copper electrodes in argon at 25-c(n. 
(Hg.) pressure. Zero lines for voltage and current are 
Indicated by Vo and lo, respectively 



as 1.0 1.5 

AMPERES 


Fig. 5. Voltampere characteristic for fransitipn 
period from arc to glow obtained from oscillogram 
sh wn in Fig. 4 
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Repulsion Starting 
for Capacitor Motors 

The characteristics of single-phase motors 
are improved considerably by the addition 
of a capacitor winding on the stator. High 
torque and low current during starting also 
can be secured by the use of a repulsion 
type of rotor. 

By 

EDWARD BRETCH Advance Electric Go. 

Member A. I. E. E. S'*- 


T*HE DEMAND for single-phase mo¬ 
tors with better electrical characteristics, together with 
the development of reliable and inexpensive capacitors, 
has encouraged the use of the capacitor motor. The 
stator of this motor has a second single-phase winding 
connected in smes with a condenser and energized from 
the supply line. With this form of single-phase motor 
it is posable to approximate the efficiency and quietness 
of a polsrphase motor, and at the same time to improve 
greatly the over-all powa* factor. 

The problem of starting capacitor motors is about the 
same as in the case of single-phase induction motors 
without capadtor winding. Two general methods are 
available; the split-phase or rotary-field metiiod of 
starting with a squirrel-cage rotor, and the commutator 
Gt repulsion method, in which the rotor currents are 
commutated for starting, and are short-circuited at run¬ 
ning speed to operate as a squirrel-cage motor. 

In the capacitor motors so far developed, split-phase 
starting and a squirrel-cage rotor have been us^. With 
this means it is posdble to use the capacitor winding as 
the eplit-phase winding during starting. Where a fixed 
condenser and a squirrel-cage rotor provide efficient 
starting torque, and the starting currents are not ob¬ 
jectionable, this splitiphase method of starting is desir¬ 
able. However, whare the locked rotor and low-speed 
torque must be exceedingly high, and heavy starting 
currents are objectionable, the repulsion method of 
starting has a considerable advantage over the split- 
phase method. Accordingly, an investigation was made 
-of the practicability of a repulsion-starting capadtor 
motor; that is, a motor starting by the repuldon method 
but having a capacitor phase-winding on the stator. 

The stator of a 1/6-hp. standard repulsion-induction 

T^ritten especially for .Elboctbioal BNoiNSBiiiNa. Not pubUshtd in 
pamphlet form. 
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Characieristics of 1/6-hp. Handard repulsion motor, 
and as rewound for a 1/4-hp. repulsion capacitor 
motor 

motor was rewound for capacitor oi>eration; the repul¬ 
sion rotor was used for starting and then when up to 
speed was short-circuited in exactly the same manner as 
with the standard r^uldon-induction motor. As shown 
by the curves, this capacitor winding had the ^ect of 
increasing the efficiency, poww factor and output of the 
motor. Due to the in<Teased efficiency, the,capadtor 
motor operated at the same temperature rise at 
that it did as a 1/6-hp. plain repulaon-induction motor, 
corresponding to about a 50 per cent increase in output. 
Also, it tended to eliminate noise, combining the better 
running charact^tics of the capadtor motor with the 
starting characteristics of the repulsion-induction motor. 
Repulsion starting provides the same storting charac¬ 
teristics for the capadtor motor that It does' for tHe plain 
induction motor, giving high locked-rotor torque with 
low locked-rotor current. 

Comparing a M-hp. repuldon-capadtor motor with a 
split-phase capacitor motor of the same rating, it was 
found that although the pull-out torque of the repuldon 
motor was less than that of the spUt-phase motor, and 
the full-load torques were the same, the locked-rotor 
torque of the repulsion motor was consndaably greator. 
Also, the locked-rotor current and energy of the repul¬ 
sion motor were reduced by more than half, and the full¬ 
load effidency and power factor w«re ino'eased. 

Another advantage of the r^uldon-capadtor motor 
is that a T.S-p f. condMiser could be used in series with 
the capadtor winding for both starting and running, 
while tile split-phase capadtor ipotor required a 7.5- 
ju f. condenser for running, and a 4 S^m f. concjenserfor 
storting. In the event of condenser failure the repul- 
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sion-starting capacitor motor can still be operated as a 
plain repulsion-induction motor. Further, the equip¬ 
ment is fimdamentally more substantial and reliable, as 
no overvoltage or surge is imposed upon the condenser 
at sWting. 

Considering both squirrd-cage and repulsion motors, 
together with their condensers and accessories, there is 
some question as to which will be the more costly. In 
the repulsion-capacitor motor, the extra cost of the ca¬ 
pacitor winding is not so great as in the squirrel-cage 
capacitor motor, as in the former the condenser is of 
small aze and. can be connected permanently in the cir¬ 
cuit, eliminating any automatic cut-out or the switches 
required for starting with the split-phase method. 
Although the addition of a capacitor winding increases 
the co^ of a motor, the fact that a smaller motor may 
be used for a given output will in part, at least, overcome 
this extra cost. 

On applications where the starting conditions on 
single-phase motors are severe, the repulsion-capacitor 
motor has a decided advantage over the other types and 
should be practicable on all sizes of motors, from the 
smallest to the largest. 


Distribution Systems 
for Industrial Plants 


The planning of an electric dis¬ 
tribution syst^ for industrial plants may be divided 
into tw<o distinct parts: (1) determination of the 
electrical characterbt^ and (2) the physical arrange- 

From DWtbvtlon Systems for Indiistdal Flants** (No. 

314HI) pre^ted at tb^A. I. B. E, winter convention. New York, N. Y., 
Jan. 29-80,1981. 
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ment of the system. Under these two headings W. J. 
McClain (associated with Louis T. Klauder, consulting 
engineer, Philadelphia, Pa.) discusses the problem in 
a very general way in a current A. I. E. E. paper. 

In designing the physical layout of the system, the 
author points out that the plot plan of the plant, 
together with present and future building plans, should 
be studied carefully. The manufacturing processes and 
equipment set up in the plant also should be stu(Ued, 
and a digest of system requirements compiled in order 
to arrive at a satisfactory solution for any particular 
plant. Single-line diagrams with arrangement sketches 
should be drawn for comparative solutions, ranging 
from maximum economy of design to maximum reliabil¬ 
ity or continuity of service. These diagrams m^y be 
amplified to include such features as voltage regulation, 
power-factor correction, and various types of switching 
equipment. 

In conclusion the author states that a comparative 
tabulation of different solutions should be compiled 
showing relative costs, losses, space requirements, 
special building construction, efficiency of operation, 
continuity of service, and maintenance. This compara¬ 
tive tabulation reduces the various solutions to a basis 
from which a final solution may be selected, or a com¬ 
promise effected to include desirable features of any of 
the solutions considered. 


Electron Tubes 

for Industrial Control 


Electron tubes have been in 

every-day use in radio and other commumcation fields 
for many years. It is only recently, however, that the 
field of application has been extended to include indtw- 
trial usages, and while the gross liumber of industrial 
installations employing electron tubes is not enormous, 
important progress has been made in applying these new 
electrical tools to the problems of industry. 

In a current A. I. E. E. paper, W. R. King of the 
General Electric Company, Schenectady, N. Y., out¬ 
lines the fundamentals of operation and the practical 
aspects of the application of some of the more important 
of these new and interesting devices. Included in his 
discussion are the photoelectric tube, the three-element 
grid-controlled rectifier tube, and the grid-controlled 
mercury vapor rectifier. 

Prom “Electron Tubes In Industry(N . 81 *80) presented at the 
A, I. B. E. winter oonyentlon. New York,^. Y., January 26-30, 1981. 
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Of LisiHiiie and Related 


^Vacation Convention'' 

a Noteworthy Success 

Viewed from every angle the iimvaHoa of PiusaavATiTa* om tu 

twentieth annual Padfio Coast oonven- Dibiixotrio Stkbnoth of Wood, O. B. Parsons 


to serve as a basis of evaluartion supple¬ 
menting the money unit, many evils now 
commonly encountered would be ob¬ 
viated. With the use of the commodity 
unit or “com’' as a basis of valuation/ 
the sale of services or commodities in¬ 
volving a period of time would be made 


tion held at Lake Tahoe, Calif., August 
25-2S, was i notably successful. The 
official registration was 247, not a record 
so far as Pacific Coast att^dance goes, 
but notwithstanding exceeding many a 
similar gathering held in “better times.” 
All technical sessio'ns were called to order 
on scheduled time and were exceptionally 
well attended; discussions were widely 
participated in. QoJf, boating, water 
sports, mountain climbing, trout fishing, 
and trips to nearby points of histoiio or 
scenic attraction were participated in 
accordifig to personal preference. 

Fully half of those present were “on 
their own time,” taking in the convention 
as a part of a family vacation trip* This 
feature is signifloant in several ways and 
well may serve as a guide-post to those 
planning future conventions. 

The technical program comprised four 
sessions accommodating 17 papers pre¬ 
pared by 25 men. Such of these as were 
not previously published in Elbcteical 
Enginbbrinq in comprehensive form 
were abstracted in EpBonuCAL Enqi- 
NBBRiNQ, September 1931, pp. 763-6, 
andhence will not be treated here. Some 
of these papers were of strictly local 
inter^t, whfie others were of wider 
gener^ interest; all were well received. 
Several of the papers provoked extensive 
discussion, both extemporaneous and 
written. Onpp; 835-7ofthisi8Suemaybe 
found a comprehensive abstract of the 
siUient points covered by such pf these 
discussions as were submitted to Ihsritute 
headquarters within the prescribed time 
limit. 

Two sessions devoted to their papers 
and a student breakfast conference drew 
many Enrolled Students to the conven¬ 
tion* papers presented at these sessions 
included: 

Shobt-Oidouit Oalcvlatioii, O. L. Holmes* 

; State OoUege of Washington, 

Lab batqbt Stddt op Tbanbmission Linbs* 
D. J. Moore. A. A Petridc and D. D. Johnson* 
XTniversltv of Washington. 

Rbbidual Odbebnts and Voltaobs in 
POWBB Ststbus. O. a. Balros and G. S* 
Ehnball* Stanford XTniyarslty. 

Bppaova , OP Sbobt biBoniTS XTpon tbb 
Stabim^t of a TBANSiassioH Systbic, S. G. 
Whihier* XTniversttv of Southern Oahfbrnia. 

^2 


and M. H. Tipton* Oregon State OoUege. 

SoMB Blbotbeoaii Mbthods op- Gbophtbi- 
OAL PROsPBonNo* F. M. Holly, Jr., Montana 
State OoUege. 

Vacuum-Tobb Voltaqb Ebgdiatobs. S. W. 
Palmrose* University of Oalifomla. 

Trtbatbon Inpbbtbb, G. JL Boss and L. W. 
BiisseU* OiOlfonila Institute of Tedmology. 

Tan Bbplbx TuBBiaomo Voltubtbb*' L. W. 
Thorpe, University of Santa Clara. 

Aooustiob of EiNasBUBT Hadii, F. Lundberg 
and F. N. Neal, University of Utah. 

TOBQUB AnGLB OBARAOVBBXSnoe OF Stn- 
oHBONovs Movobs, W. F. Amdt, Oalifomia 
Institute of Technology. 

Sound Piotubb Stbtbms. Charles Douglas, 
University of Nevada. 

C. B. Qrunsky of San Francisoo, Calif., 
president of the American BTigtriftar^ Tig 
Council, presented the. feature address 
of the convention at a general session 
held the evening of August 26. Men and 
women alike paid close attention to this 
dissertation on “Bu^ess Cyolos and 
Some Economio Problems” in which the 
speaker’s penetrating insight and rare 
personality enabled hinn to present in a 
most interesting and illuminating fashion 
some of the fundamental causes under¬ 
lying the reourrmg cycles of bnsiness 
activity. The speaker reviewed the 
situation rather comprehensiv^y saying 
relatively little directly oonoeming the 
current economic disturbance, but point¬ 
ing out the striking simiia^ty existing 
between the current depression and those 
which have occtured periodically during 
the past century. 

Having established the fact that history 
repeats itself so strikingly approximately 
every 20 years, Mr. Qrunsky mentioned 
several important contributing factors 
including human shortsightedness and 
taxation inequalities, stressing the un¬ 
fairness of our present political tax. bonus 
system. He discussed also the rigid and 
destructive infiexibility of the dollar (or 
any other unit of money) as a measure of 
valqe where the element of time entm 
into a given transaction, presenting 
statistics revealing the varying purchasing 
^power of the dollar (or any other money 
unit) during the past century. He sug¬ 
gested and strongly urged that' with the 
present system of money as an exchange 
medium, and: with a “commodity unit” 


on an agreed basis of so many “corns,” 
thus assuring for buyer and seller an 
equitable deal. Payment of course, 
would be made in dollars or any other 
normal money unit aooording to the 
relation existing at the time of payment 
between the “com” and the money unit. 

Of course, the principal sporting event 
was the annual golf tournament for the 
John B. Fisken perpetual trophy. Some 
60 entrants enjoyed keen competition 
in three classes for the large group of 
valuable prizes. Honors for the day 
went to M. S. Barnes (M*31) of the 
San Francisoo Section who by virtue of 
his low net score of 61 (7S-17) captured 
the Fisken Trophy and a set of six 
matched irons. Others who shared in 
the prizes were Q. R. Murphy (F’20), 
W. G. B. Euler (A’08), W. L. Winter 
(A’21) and Nathan Cohn (A’29) of the 
San Francisco Section; and C. C. Boozier 
(A*23) of the Portland Section. Kickers’ 
prizes went to Q. M. Rosenblatt (M’17) 
San Francisco Section; DavirfHall (P’18) 
Los Angeles Section; and C. C. Boozier 
(A’23) Portland Section. Honors in the 
women’s puttmg contest went respec¬ 
tively to Mrs. A. V. Thompson and Mrs. 
A. G. Jones, San Francisco; Mrs. L. C. 
Williams, Los Angeles; and Mrs. D. M. 
Peterson, San Francisco. 

The reception for Preside/it Skinner and 
the convention banquet constituted the 
two formal social affairs. A tremendously 
successful barbecue dinner beld on the 
Tahoe Tavern tennis courts, and en¬ 
livened by the Neai)olitan Trio of radio 
fame, introduced a series of informal 
social affairs yery apparently enjoyed by 
all. The final event was “A Night in 
Monterey,” a Spanish cabaret put on by 
the Tavern maiuigement. 

Other entertainment features included 
a women’s bridge tea, a tbree-hour steam¬ 
boat trip down Lake Tahoe to seenic 
Emerald Bay, a presentation of Will 
Rogers’s “Conneotiout Yankee,” and a 
playlet “What’s the Use?” presented by 
local tident under the direction of A; C. 
J6y, San Ffancisco* depicting humorously 
the overthrow of trained and established 
engineer by a correspandence-achool gribd- 
uate who had a diploma gerUfyuig to his. 
mastery of engineeringviaa90-di^ course. 
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President Skinner Traces 
Trend f Electrical Engineering 

The oon^eutiou was formally opened 
by General Chairman A. W. Copley 
promptly at 9:30 a* m. August 25, with a 
full attendance. Mr. Copley introduced 
Dr. C. B. Skinner, president of the Insti¬ 
tute, whose opening address sketched, 
decide by decade, the trend of thought in 
electrical engineering as represented by 
the published record in the A. I. B. B. 
Transactions. Excerpts from Doctor 
Skinner’s address follow: 

“The Institute’s first meeting was held 
in Philadelphia in October 1884, and the 
first paper found in Vol. 1 of the Trans¬ 
actions is by Dr. Edwin J. Houston on 
Thenomenon’ now known as the Edison 
effect. . .It seems to me quite fitting 
that the first paper published should 
refer to work of Thomas A. Edison, the 
pioneer in incandescent electric lighting 
as well as in so many other fields. 

“Curiously enough in this same volume 
is found a paper on a system for placing 
wires under ground and providing sub¬ 
ways for electric traction under the streets 
of New York; another with the curious 
title ’The Earth as a Circuit Completer.’ 
Attention is given to multiplex telegraphy 
and to electroplating; and very consider¬ 
able discussion is recorded of the in¬ 
adequacy of the patent office to deal 
properly with electrical inventions. I 
have heard this same discussion in recent 
years. In this discussion it is stated that 
prior to 1880 there were fewer than 2,000 
patents recorded in the United States 
Patent Office having anything whatever 
to do with<electricity. 

1884-1890 

“Subsequent volumes of the Transac¬ 
tions between 1884 and 1890 contain some 
extremely interesting papers on various 
subjects. . .For example, in Vol. 4, 
1887, appears a paper. . .‘Distribution 
of Electricity by Secondary Generators’ 
outliuing schemes with which my own more, 
than 40-year career has been intimately 
associated. This paper was the announce¬ 
ment before the Institute of the arC. 
system espoused by George Westinghouse 
and outlining the Gallard-Gibbs scheme 
of what we now know as the a-c. system 
of distribution by the means of trans¬ 
formers. . .Another paper which ex¬ 
cited my interest, and some amusement, 
was a long paper, followed by a very 
extended discussion, on ‘A New Arc 
Lamp Clutch.’ It is also noteworthy 
that the men of prominence of that time 
referred to themselves and each other as 
‘electricians’ and not as electrical 
engineers, and one wonders how it came 
about that the original name of our or¬ 
ganization was d^osen as the American 
Institute of Eleotqcal^Engineers. While 
I have fiot«read carefully, I do not recall 
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seeing the term ‘electrical engineer’ used 
in any of the volumes prior to 1890. 

“The period from 1884 to 1890 was of 
course the real pioneer period of both the 
Institute and the electrical industry. It 
was a period of cut-and-try methods. 
The term ‘industrial research’ had not 
been coined, but even so, relatively great 
advances of this period can be assigned to 
relatively few experimenters, most of 
whose names appear in the Transaction 
of the Institute, and in many cases as 
past-presidents of the Institute. It was 
during this early period that the first 
limited electric light plants were installed 
and operated, and the electrification of 
street railways begun. . .A paper read 
in 1886 states: ‘The central station of 
today is a very large and cumbrous 
arrangement. There are many engines in 
rapid motion and exposed to many 
dangers and interruptions. There is an 
air of gloom and anxiety on every face. 
The unseen tremendous power, not always 
under control, which is consumed at un¬ 
certain times and at invisible T>oints, may 
be made to react at any moment with 
destructive energy.* 

1890-1900 

“The period between 1890 and 1900 was 
one of exceedingly rapid development and 
betterment in the design of electrical 
machinery, the means of measuring elec¬ 
tric current, and the rapid extension of 
central stations and isolated electrical 
plants in buildings and factories. The 
Transactions of the Institute reflect 
these advances and contain the funda¬ 
mentals of the history of the eleotrioal 
developments of the period. . . 

“It was during this period that the 
great project of Niagara Falls came to 
fruition with the transmission of great 
amoimts of power to more than twenty 
miles, and this was really the beginning of 
electric power as a commodity. The 
Tesla polyphase a-c. motor had been 
announced prior to 1800, but it was only 
during this ‘ decade that the polyphase 
motor became a commercial product. 
In the early nineties means of measuring 
alternating current were very unsatis¬ 
factory; the best instruments of precision 
we had for this purpose when I entered 
the Westinghouse laboratories were the 
Cardew hot-wire voltmeter and the Sie¬ 
mens eleetrodynamometer for current. 
However, much more satisfactory instru¬ 
ments appeared before the end of the 
decade. It was during this period also 
that the first high-voltage transmission 
plants were constructed in the West, the 
first of these being the so-called Pomona 
(Calif.) transmission at 11 kv.; and it is 
interesting to note that due to our lack of 
experience in the building of high-voltage 
’ transformers we used twenty 110/650- 
Tolt transformers with secondaries in 
series and primaries in parallel. The 


modern street-car motor in all of its essen¬ 
tial principles appeared... in the summer 
ofl890. . . 

1900-1910 

“The next decade, from 1900 to 1910, 
was characterized by extremely rapid ex¬ 
tension of electrical plants throughout the 
world, and the development of larger and 
more efficient electrical machinery. . . 
more efficient prime movers, partieularly 
the steam turbine. . . It was the heyday 
of the street railway, and it was during 
this period that many important inven¬ 
tions. . .appeared. One of these which 
has had a profound influence was the 
development of silicon steel. Prior to the 
middle of this decade, electric steel was 
merely a refinement of the steel used for 
other purposes, and the losses partieu¬ 
larly in transformers were giving a great 
deal of trouble» . .By the end of 1906 
silicon steel, invented by Sir Robert 
Hadfield of England, was in general use 
both in this country and abroad, and the 
intrinsic loss had been cut in half and 
aging entirely eliminated. Many re¬ 
finements and improvements have been 
effected since that time and much of the 
history of the magnetic art may be found 
in our Transactions. Through the 
reduction of losses in electrical apparatus 
by the use of this steel hundreds of thou¬ 
sands of tons of fuel have been saved. 

“One of the subjects which might be 
dealt with in a paragraph in any of the 
decades from 1900 to the present time is 
that of lightning protection. While I 
have not checked pages it is my belief 
that there are perhaps as many, possibly 
more, pages in our Transactions de¬ 
voted to lightning phenomena and light¬ 
ning protection than any other single 
specific subject. . .It may be asserted, 
however, that. . .even in the beginning 
of the present decade, 1930 to 1940, 
the complete and final solution of light¬ 
ning protection is yet to be effected. 

1910-1920 

“The period from 1910 to 1920 was a 
period of the further expansion of elec¬ 
trical plants, the further increase in the 
output and efficiency of electrical machin¬ 
ery, and the real beginning of the use of 
electricity in household devices and in 
industrial heating. The automobile had 
begun to take toll from interurban trac¬ 
tion, and to a certain extent from city 
traction lines. In the previous decade 
electrification of the steam railways in 
congested areas had reached considerable 
proportions, and the old arC.-d-c. battle 
was fought over again in connection with 
heavy electric traction. . . The mercury- 
vapor converter hhd entered as a factor, 
particularly in Europe, and at the same 
time the rotary converter had been 
brought to a very high degree of efficiency 
and perfection. . . 
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1920-1930 

**The decade from 1920 to 1930 cer¬ 
tainly may be characterized as the period 
of consolidation and interconnection. . . 
It may be of interest to note here that 
after a study of transmission made during 
my senior year in college (1889-1880) 
my class definitely proved that electrical 
transmission of light and power never 
would be profitable to a distance of more 
than five miles. We now transmit power 
by the a-c. system, then almost unknown, 
in very large quantities many hundreds of 
miles, and sooner or later we no doubt will 
be interconnected in our plants from the 
Atlantic to the Pacific. , . 

**. . ,We are just as much interested, 
(and perhaps more so) in the future as we 
are in the past. Both the manufacturers 
and the utilities now have research de¬ 
partments intensively engaged in at¬ 
tempting to peer into the future, and in 
devising new applications, new materials, 
and new equipment. They are carrying 
on much fundamental research, many 
times with no immediate hope of com¬ 
mercial returns. . .It would be a 
bold prophet who would predict that 
radically larger units, more efficient prime 
movers, or better transmission systems 
would not be forthcoming; but for the 
present we seem to be more or less at a 
standstill in this line. The use of house¬ 
hold devices is certainly on the rapid 
increase. . . One of the extremely 

interesting developments now going on is 
that of air-conditioning in our homes and 
offices, and even in our workshops and 
trains. . . 

*T have not even mentioned some of the 
most sensational developments that have 
been made in fairly recent years, such as 
radio. 

“We electrical engineers have been 
accredited, or perhaps accused of being 
responsible, along with other branches of 
engineering, for our present depression 
through our maidng it possible for the 
individual worker to produce much more 
than by older methods. It is certainly 
true that the machine age has brought us 
a host of problems that must be solved by 
U8 or by our children. As engineers we 
must go forward as we have in the past, 
bringing greater efficiency, greater com¬ 
forts, more commodities, and greater 
production by the individual workmen. 
As oilmens we must do our part in bring¬ 
ing, the same sort of efficienoy to our local 
state and national government. We must 
hu m a nize our engineering. Surely some 
of the evils of today should yield to analy¬ 
sis and cure by the same general methods 
which have proved so effective in solving 
the multitude of far-rea(fi]ing difficulties 
that have beset us as electrical engineers 
in the years compassed by our America 
Institute of Blectrioal Singineers. 


Last Call for 
Kansas City Meeting 

Kansas City, Missouri, host city to a 
three-day meeting of the South West 
District No. 7 of the A. I. E. B., has 
completed plans which will provide both a 
profitable and enjoyable time for those 
in attendance, October 22-24. Head¬ 
quarters will be at the Kansas City 
Athletic Club. 

Four technical sessions will be held 
during the meeting. These should prove 
of particular interest to the utility plan¬ 
ning engineer as well as the utility 
operating engineer and all who are en¬ 
gaged in telephone eommonioation work. 
In connection with the St. Louis-Bagnell 
interconnection session which will be 
held on Thursday evening, a three-reel 
motion picture of the actual construction 
of the Bagnell dam will be shown. 

The local committee has arranged a 
variety of inspection trips to points of 
unusual interest embracing up to date 
electrical applications. Some of these 
features consist of new supersynohronous 
motor installations for the cement mills, 
the completely automatic distribution 
system of the Kansas City Power and 
Light Company, automatic installation 
of the Southwestern Bell Telephone Com¬ 
pany, and the Bagnell water power 
project. 

The chief social event of the meeting— 
the meeting banquet—will be held on 
Friday evening, Cot. 23. Entertain¬ 
ment will be provided by some of the 
best talent obtainable and following the 
banquet there will be dancing. Special 
plans have been made to care for women 
guests. 

A detailed program of this meeting, 
together with a list of the papers to be 
presented, was published in Blectbical 
ENoiNUBKiNa, September 1931, pp. 
757-9. 


District Executive 
Committees Meet at Tahoe 

A business meeting of the combined 
executive committees of Districts Nos. 8 
and 9 and the western portion of District 
No. 10 (Canada) was held at Tahoe 
Tavern, Lake Tahoe, Calif., August 26, 
1931, as a luncheon gathering. Those 
present included: preside, O. B. Skinner; 
nottonaZ secretary^ F. L. Hutohinson^ vic^ 
presidenU, H. V. Carpenter and. A. W. 
Copley; Dzatrict aecreiariest C. E. Baugh 
and R. D. Sloan; Section chairmen^ E. A. 
Crellin (San Franoisoo), P. S. Biegler 
(Los Angles); other Section repreeentcz- 


lives, W. C. Smith (San Francisco), H. W. 
Hitchcock (Los Angeles), 0. B. Coldwell 
(Portland), C. B. Carpenter (Seattle), 
J. H. Hamilton (Utah), Ho T. Plumb 
(Utah), F. W. MacNeill (Vancouver, 
B. C.), and J. A. Thaler (Montana). 

Thfr first order of business was the 
assignment of the 1932 Pacific Coast 
convention which was awarded to the 
Vancouver (B. C.) Section with the dat^s 
tentatively set as August 29-S6ptembeir 
2 inclusive. The 1933 Pacific Coast 
convention was tentatively awarded to 
the Utah Section. 

Student participation in future cob-' 
ventions was a subject^ which aroused 
thoughtful and active discussion. Based 
upon experience with the Lake Tahoe 
convention, E. A. Crellin, the new chair¬ 
man of the San Francisco Section, strongly 
urged that for future Pacific Coast con¬ 
ventions the usual convention committees 
be augmented by the addition of a 
“committee on student participation.” 
Mr. Crellin suggested that tlie duties of 
such a committee should include pri¬ 
marily (1) attention to the question of 
suitable housing for students in atten¬ 
dance at the convention, and (2) assist- 
ing in and coordinating the work involved 
in the handling of student sessions, the 
securing and advance circulation of student 
papers, and the stimulation of discussion 
at student sessions by the choosing of 
“key” men to start such discussions. 


Student Activities ' 
Discussed at Lake Tahoe 

At a student activities conference held 
in connection with the Lake Tahoe con¬ 
vention August 27, and presided over by 
G. L. Hoard, student counselor, Uni¬ 
versity of Washington, Seattle, several 
problems pertaining directly to tlwT con¬ 
duct of these student conventions were 
discussed. Concurrent student sessions 
were considered undesirable. A motion 
was passed authorizing next year’s com¬ 
mittee to select student papei^ on a 
competitive basis (rather than by allot¬ 
ment to schools as at present) such 
competition to be effective only after 
each Branch had been given an oppor¬ 
tunity to present one paper for con- 
sid^ation. Arising out of a discussion of 
the problem of getting student papers in 
in time for intelligent selection, a motion 
sponsored by the students themselves was 
put through, urging the establishment of 
a definite deadline date for 'student 
technical papers. 

As a result of discussions pertaining to 
the several problems mvolved in publish¬ 
ing, or otherwise reproducing'in some 
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reasonable quantity, the officially ac¬ 
cepted student papers, it was suggested 
by several that either the student 
Branches tbbmselves, or the educational 
institutions with which they were affi¬ 
liated might provide the necessary 
finances for this work. Other questions 
discussed included ways and means of 
getting before high school students 
authentic vocational guidance informa¬ 
tion pertaining to electrical engineering 
courses, and possible methods of enhanc¬ 
ing student interest and student partici¬ 
pation in Branch activities. 

Out of the fourteen student Branches of 
the Institute in Districts Nos. 8 and 9 
and the western half of District No. 10, 
thirteen were represented at this student 
activities conference. Twelve of the 
student chairmen were present (repre¬ 
senting all Branches except those at the 
University of Nevada and the University 
of British Columbia) and nine of the 
student counselors were present. Student 
counselors present included: F. 0. 


McMillan, Oregon State College, S. G. 
Palmer, University of Nevada, O. B. 
Osbum, State College of Washington, 
R. H. Hull, University of Idaho, W. G. 
Angermann, University of Southern Cali- 
fomia, J. H. Hamilton, (for A. L. & 
R. Taylor) University of Utah, R. W. 
Sorensen, California Institute of Tech¬ 
nology, L. E. Reukema, University of 
California, and E. F. Peterson, University 
of Santa Clara (CaUf.). Student chadr- 
men present included: M. R. Jones, Jr. 
Stanford University, R. C. Hansen, 
University of Utah, D. H. Hansen, 
Oregon State College, P. P. Hawley, 
University of Arizona, A. S. Koch, 
University of Washington, G. E. Gage, 
University of Idaho, H. T, Lambdin, 
Montana State College, D. H. Olney, 
State College of Washington, P. B. 
Lyons, California Institute of Technology, 
V. T. Johnson, University of California, 
M. C. Marshall, University of Southern 
California, and L. W. Thorpe, University 
of Santa Clara. 


SuminarizecI Review of 

Some Pacific Coast Convention Discussions 


^^NLY discussion submitted in writing 
in accordance with governing A. 1. E. E. 
rules is summarized; complete discussion 
together with all approved papers will 
be publishbd in the Transactions. 
Abstracts of all papers presented at the 
conv^tion and not previously treated in 
Elbctrical Enoinebrinq, were given on 
pages 753-6 of the September issue. 

Industrial Applications 

G.B.^Rosenljlatt (San Francisco, Calif.) 
discussed the economic side of ''Electric 
Power in the Wood Products Industry.” 
He explained that increasing taxes on 
standing timber had caused an over pro¬ 
duction in lumber which allowed but 
little or, in come cases, no margin of 
profit. Therefore, in order to realize a 
profit the industry will turn toward an 
increased number of fabricating processes 
aud more uses of the wood waste, both 
of which will result in a greater consump¬ 
tion of kilowatt-hoiue. 

K. M. Patterson. (EastHttsburgh, Pa.) 
also discussed this paper with special 
reference to the application of synchro¬ 
nous mo^rs. He pointed out that in the 
sizes used in the lumber and paper indus¬ 
tries synchronous motors usually repre¬ 
sent a savings in first^cost over other 
t 3 ^s of motors, mth the additional 
advafita^s bf ]|pgh efficiencies and con- 
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trolled power factor. He also explained 
that the development of full magnetic 
control with adequate protective features 
had kept pace with the improvement of 
motor characteristics. 

R. O. Brosemer (San Francisco, Calif.) 
and J. L. Wright (Portland, Ore.) dis¬ 
cussed this paper and pointed out that 
their experience based on a number of 
actual surveys made in typical sawmills in 
the Pacific Northwest indicated that 
electric power consumption varied from 
45 kw. to 60 kw. per 1,000 board feet. 
Another point brought out by them 
referred to the possible inference in 
Table II that synchronous motors should 
be used for all main drives in modem saw¬ 
mills, and induction motors only for 
secondary drives. Notwithstanding the 
advantages and improvements in S 3 m- 
chronous motors they felt that due to 
their simplicity and usually lower first 
cost, there was still a legitimate field in 
induction motors for such main drives. 

David Hall (Los Angeles, Calif.) dis¬ 
cussed "Electrical Equipment for Oil- 
Field Operation” referring to the 
progressing evolution from steam to elec¬ 
tricity. He told of recent improvements 
made by his company regarding mud- 
pump drive. These consisted of wound- 
rotor induction motors with permanent 
resistance and reactance in the rotor 
circuit, an arrangement which provides a 


motor which will slow down under increas¬ 
ing loads and actusdly stall before the 
pumps can be injured. He also explained 
that rotary drilling using a completely 
electrified rig of the EQld differential t 3 ^ 
recently successfully completed the deep¬ 
est well in the world, drilled to a depth of 
10,030 ft. He further explained that d-c. 
equipment was developed to meet the 
demand for drilling "wild cat” wells. 

Electrical Machinery 

P. L. Algeria (Schenectady, N. Y.) 
discussion of "Correlation of Induction- 
Motor Design Factors” was presented by 
J. H. Cunningham (Los Angeles, Calif.). 
Mr. Alger drew attention to the magni¬ 
tude of the task and said that he believed 
it was theoretically possible and very 
desirable, to express all the electrical and 
mechanical constants of a motor, and Iso 
its cost, as explicit functions of its princi¬ 
pal dimensions. Thence the optimum 
values of all dimensions could be deter¬ 
mined for any desired evaluations of cost 
and performance. 

R. E. HeUmund’s (East Pittsburgh, Pa.) 
views on this subject were presented by 
David Hall. He pointed out that the 
designer usually is foroed by many practi¬ 
cal conditions to depart from the ideal, 
and that the authoris method had the 
same limitations as all other methods of 
analyzing and earrjdng through design 
work by a simple set of formulas. If all 
essential considerations are taken into 
account, the method becomes cumber¬ 
some or else numerous assumptions have 
to be made which do not properly take 
into account all factors of practical 
importance. The second fundamental 
assumption in the authoris theory used 
the ratio of the flux densities in the teeth 
and the core. Mr. Hellmund did not 
believe that the choice of this factor as 
an important variable was particularly 
desirable because this ratio did not 
represent anything very basic in the 
design of the motor. It can be, and 
frequently is, varied over wide limits 
without materially affecting the final 
results. 

G. B. Creed and R. J. Thompson 
(Hamilton, Out.) in their discussion of 
this subject which was presented by 
V. B. Wilfley (Portland, Ore.) called 
attention to several pertinent considsrar 
tions including power factor (especially 
on slower-speed motors), iron losses, 
ventilation, proportion of length of coil 
ends to active length, starting current, 
starting and pull-out torques, and the 
necessity for using commercial wire sizes. 
They pointed ^out that these considerar 
tions risually woulii require an appreciable 
departure from the theoretically best 
dimensions which givbvminimum stator 
resistance in orderii* to ^ obtain a good 
practicaldesigp. ^ ^ 
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New Type of Truck for Line Crew 



^^DDBD to the motor fleet of the Cleveland (Ohio) Eteotiic Illuminaiting; Company 
is a new unit which has proved so satisfactory that a second is being built. The 
vehicle is designated as a “tractor-type semi-trailer** and is constructed so that the 
trailer can be detached and left at the scene of an operation, while the tractor is free 
to Engage in such tra^nsportation work as may be required. Its fully enclosed cab 
provides comfortable seats for twelve men, well safeguarded against traffic accidents. 
There is ample space within the body for all sizes of tools, the compartments being 
arranged so that the tools most frequently used are on the outside. The unit is of 
all-metal oonstmction, sturdy and weatherproof. 


A. H. Batch’s discussion of this paper 
was presented by R. W. Sorensen (Pasa¬ 
dena, Calif.). It explained that the 
author has been given an opportunity by 
an electrical manufacturer to try his 
method of analysis in the la 3 dng out of 
new designs and adding larger sizes to 
older lines where the dimensions of the 
component parts could be made any value 
whidi would give the most satisfactory 
motor and not be governed by the neces¬ 
sity of adapting a particular motor to an 
existing frame. The author has been 
very successful in this work and the paper 
is the result of his having filled the need 
for simple manner of determining 
optimum motor dimensions mathemati<^ 
cally instead of by the rather empirical 
methods which now are in general use. 

R. W. Sorensen also discussed this 
subject explaining that the Hoover 
analysis enables one in the early stages of 
design, to consider mathematically, and 
thus accurately, more of the variables 
which have to do with the relations 
between pimching diameters both internal 
and external, core depth, and slot 
dimensions, thxis reducing the element of 
guess work, and making possible a more 
accurate selection of the rating to which a 
given prmching is best adapted. 

E. A. Crellin and P. I. Lawson (San 
PranoisGo, Calif.) disous^d “Calorimeter 
Measuremimt of Stray Load Losses on 
generators,** They analyzed test methods 
to determine stray load losses and pre¬ 
sented dataohgeneratorloi^es obtained by 
the retardation method from. efficiency 
teste made on a number of hydroelectric 
units. They cited that the information 
presented by tlm authors, giving an inde¬ 
pendent determinatioh of stray load losses, 
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was a distinct contribution to the hydraulic 
as well as to the electrical engineer. 

PowBR Transmission and Distribution' 

J. W. Bennett’s (Springfield, Mass.) 
discussion of “A-C. Networks in Port¬ 
land, Oregon” was presented by G.Ross 
Henninger (New York). The, discussion 
drew attention to the cost of the duplicate 
primary system adopted in Portland, as 
compared with the system having a radial 
primary and network secondary. The 
disoussor cited several local conditions 
each of which would be variable in differ¬ 
ent localities, and stated that these of 
course would influence the design and 
development of a distribution system. 
He believed the difference in favor of the 
s 3 rstem adapted was due to conditions 
existing in Portland. Results of a recePt 
comparative study made by J. W. Bennett 
were in favor of a low-voltage network 
system supplied at 13-kv. seeondary 
transmission voltage for areas having a 
well distributed load of 5,000 kva. per 
sq. mi. 

H. S. Pitch’s (Pittsburgh, Pa.) dis¬ 
cussion of “Tie Line Control of Inter¬ 
connected Networks” was read by S. B. 
Clark. The discxission told of the operat¬ 
ing problem of the Pennsylvania-Ohio- 
Wesft Virginia interconnection from the 
early beginning up to the present time. 
Tib line control on this interoonnaotion 
first was attecked from the point of view 
of frequency control. 

Nat^ban Cohn (San Pramoisco, Calif.) 
presented Philip Spom’s (New York) 
discussibn of this subject which reviewed 
the problem as related to the operation of 


interconnected systems. It was the 
experience of Mr. Spom that automatic 
frequency control on each of two systems 
operating on parallel has been found to 
reduce greatly the fluctuation on a tie 
line, and in one instance it was the only 
practical means of operating the systems 
in parallel through a relatively weak tie 
line. This statement is contrary to the 
findings in the paper discussed. 

P. B. Garrett (San Francisco, Calif.) 
presented a discussion prepared by John 
Gosinski (Jackson, Mich.) which drew 
attention to the operation of tie-line load 
regulators. It was pointed out that tlie 
purpose of an interoonfiecting tie line 
was to transfer large blocks of power in an 
emergency, and that any regulating 
device should preserve this feature of an 
interconnection. 

Dr. W. A, Lewis (Bast Pittsburgh, Pa.) 
presented Robert Brandt’s (Boston, 
Mass.) discussion of this paper which also 
brought out the necessity of frequency 
control as a step in the solution of the 
major operating problem. He believed 
the mechanical devices described in the 
paper had been well thought out and that 
they serve their purpose admirably. In 
particular, reference was made to the 
explanation of the anti-hunting feature 
which takes into accoimt the momentum 
that has to be established and later 
destroyed in bringing the system from 
one load condition to another. 

A discussion by Edith Clarke (Schenec¬ 
tady, N. Y.) on “Tuned Power Lines” 
was read by G. Ross Henninger. By 
means of vector diagrams. Miss Clarke 
arrived at the same results as those 
expressed by Professor SkiUing in his 
paper, (that a transmission Ime of wave¬ 
length dightly over a half wave, including 
the terminal machine impedance^ has 
good operating characteristics and that 
power may be exchanged between a 
synchronous generator at one end of suoh 
a line and a motor at its other end, while 
for the line slightly under half wave¬ 
length little or no synchronous power can 
be transmitted). ' 

COMMTTNIOATION 

G. T. Rouden (San Francisco, Calif.) dis¬ 
cussed “Intercontinental Radiotelephone 
Service from the United States,” explain¬ 
ing that tlie International system had 
circuit in operation handling telegraph 
business between New York and Madrid 
via Buenos Aires. This avoids the 
difficulties experienced with an east-west 
circuit such as that over the North 
Atlantic. He also mentioned the down¬ 
ward trend in the cost of longrange 
antenna systems. The high st^l tower 
<^n8truetion used daring and just follow¬ 
ing the war period now has been super¬ 
seded by the simple, double-V antenna 
supported by oommpn wood poles only 
70 ft. high. The new ^and l^s costly 
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construction provides fficient operation 
over a ^de range of freq^uencies and is 
^expected to make feasible the extension 
of communication facilities to many 
localities which otherwise could not be 
reached economically. 

P. G. Caldwell (Stanford Univ., Calif.) 
discussed ^’Electrical Measurement of 
Sound Absorption/* explaining that when 
sound energy is “absorbed/* it is con¬ 
verted into heat energy by a process which 
involves a friction between the absorbing 
material and the oscillating air particles. 
Therefore sound-absorbing material will 
b most effective when it is placed where 
the air particles sCbe oscillating with maxi¬ 
mum velocity. This position always is a 
quarteivwavelength distant from a sound 
radiator or hard reflecting surface. The 
data in Fig. 5 of the paper are not in 
accordance with the foregoing explana¬ 
tion. Possibly one reason for the apparent 
discrepancy lies in the fact that the 
radiator was a dynamic loudspeaker. 
There is some question as to what point 
on the loudspeaker cone should be con¬ 
sidered as a reference when taking data 
such as that in Fig. 5. 

Blhctrophtsics 

H. H. Skilling (Stanford Univ., Calif.) 
discussed “The Elindling of Electric 
Sparkover** quoting similar conclusions 
from a report of a study made at the Ryan 
laboratory. These conclusions concerned 
superposed flO-oycle and impulse phenom¬ 
ena between points; they supported the 
three conclusibns in the paper. 

S. S. Mackeown (Pasadena, Calif.) dis¬ 
cussed the theory of the spark discharge 
to show Just' what is difficult to under¬ 
stand today. He referred to the early 
theory of Townsend’s and the work of 
Rogowski and others which found that 
the time necessary for a spark discharge to 
occur was of the order of 10-^ sec. He 
explained that the pictures in Doctor 
Magnusson’s (Seattle, Wash.) paper were 
a reoorj^ of what occurred probably of the 
order 10-® sec. Therefore it would seem 
dabgerous to draw conclusions regarding 
the actual formation of a spark from the 
data presented in that paper. 

Radio Coobdination 

J. J. Smith’s (Schenectady, N. Y.) dis¬ 
cussion of this subject was presented by 
O.^F. Green (Schenectady.) He cited 
several points vrhich showed that the 
question of responsibility is more involved 
than would be assumed from the three 
last paragraphs in the section entitled 
“Responsibility” in the paper. He be¬ 
lieved the work done by the authors 
would be of considerable value if carried 
out in quantitative manner so that 
nxeasui^enis in oni^ locality could be 
oompar^d ^th tho^ ^ aiibther. 

. J. O’R. Coleman (New York) interest- 
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ingly discussed this problem and drew 
attention to the question of deflnition of 
interference as applied to radio. He 
referred to the study of the coordination of 
power and telephone systems, which 
revealed that the problem naturally 
divided itself into a study of power 
system influence, coupling between the 
two systems, and susceptiveness of the 
telephone system. He believed the same 
treatment could be applied in the handling 
of radio coordination. It was explained 
that a joint committee of representatives 
of the R.M.A., N,Bi.L.A„ and N.E.M.A. 
had been formed to study the problem. 

F. B. Doolittle (Los Angeles, CaHf.) 
discussed this subject emphasizing the 
need for a better distribution of broadcast 
coverage in Califomia. He showed a 
map of the state in which the areas 
enjoying reasonably good reception were 
designated and might be compared with 
the total area of the state. It was 
believed Califomia had a sufficient allot¬ 
ment of broadcast power and frequencies 
to serve the area adequately, but that 
the geographical distribution of stations 
was not good. Reliable service is not 
available to large areas while inconve¬ 
nience is worked upon other places by an 
excessive number of stations. 


Nomination of 
1932 Institute Officers 

Actions specified in the Institute’s 
constitution and by-laws relative to the 
organization of a national nominating 
committee are being taken, and the meet¬ 
ing of the national nominating' committee 
for the nomination of officers to be voted 
upon at the election in the Spring of 1932 
will be held between November 15 and 
December 15. All suggestions for the 
consideration of the nationid nominaring 
committee must be received by the 
secretary of the committee at Institute 
headquarters. New York, not later than 
November 15. 

The sections of the constitution and 
by-laws governing these matters are 
quoted below: . 

Gonsttttitloii 

28. There shall be constitated each vear a 
Tifttinna.1 nominating committee consisting of one 
representative of each geographical district, 
elected by its executive committee, and other 
members chosen by and from the board of 
directors not exceeding in number the number 
of geographical districts; all, to be selected when 
and as provided in the by-laws; the national 
secretary of the Institute shall be the secretary 
of the national nominating committee, without 
voting power, 

20. The executive committee of each geo* 
graphical district shall act as a nominating 
commltteeof the candidate for election as vice* 
president of that dtetdct, or for filling a vacancy 
in such office for im unexpired term, whenever 
a vacancy occurs. 


30. The national nominating committee shall 
receive such suggestions and proposals as any 
member or group of m mbers may desire to oiler, 
such suggestions being sent to the secretary of 
the committee. 

The national nominating committee shall 
name on or before December 15 of each year, 
one or more candidates for president, national 
treasurer and the proper number of directors and 
sbaU include in its ticket such candidates for 
vice-presideats as have been named by the 
nominating committees of the respective geo¬ 
graphical districts, if received by the national 
nominating committee when and as provided in 
the by-laws: otherwise the national nominating 
committee shall nominate one or more candi¬ 
dates for vice-presidentCs) from the dlstrictCs) 
concerned. 

By-laws 

Sbo. 22. During September of each year, 
the secretary of the national nominating com¬ 
mittee shall noUfy the chairman of the executive 
conunittee of each geographical district that by 
November 1 of that year the executive com¬ 
mittee of each district must select a member of 
that district to serve as a member of the national 
nominating committee and shall, by November 
1, notify the secretary of the national nominat¬ 
ing committee of the name of the member 
selected. 

During September of each year, the secretary 
of the national moninating committee shall 
notify the chairman of the executive committee 
of each geographical district in which there is or 
will be during the year a vacancy in the office of 
vice-president, that by November 15 of thpt 
year a nomination for a vice-president from that 
district, made by the district executive com¬ 
mittee, must be in the hands of the secretary of 
the na tfiona l nominating committee. 

Between October 1 and November 16 of 
each year, the board of directors shall choose 
five of its members to serve on the national 
nominating committee and ifimll notify the 
secretary of that committee of the names so 
selected, and shall also notify the live members 
selected. 

The secretary of the national nominating 
committee shall give the ftfteen membera so 
selected not less than ten days' notloe of the 
first meeting of the committee, which shall be 
held not later than December 15. At this 
meeting, the committee shall elect a chairman 
and shall proceed to make up a ticket of nomi¬ 
nees for the offices to be filled at tbe next elec¬ 
tion. All suggestions to be oonsidered by the 
national nominating committee must be received 
by the secretary of the committee by November 
15, The nominations as made by the national 
nominating committee shaU be published in the 
January issue of Elaotrioax* ENaiKasBiNo, 
or otherwise mailed to the Institute memberablp 
during the month of January. 

Sianed B. L. Hitfohiksok, 
National Secretary 

October 1, 1931 


H. L. Doherty Finances Unemploy¬ 
ment Research.—^Press reports of Septem¬ 
ber 9,1931, recorded the statement that 
Henry L. Doherty (A’98-F’13) widely 
known pnblio utility operator has made 
available to the ^^erioan Society of 
Mechanical Engineers a fund of $500,000 
to provide for a study of the present 
industrial situation and to work out ways 
of remedying it. ^ 
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Annual Safety Consress 
to be Most Extensive 

The twentieth annual safety congress 
and exposition under the supervision 
of the National Safety Council is to 
be held in Chicago, October 12-16, 
193 L An impressive list of 130 sessions 
with more than 300 speakers has been 
assembled for this conference which is 
to cover all the various organized fields 
of safety work. The public iitilities sec¬ 
tion is an important part and represents 
about 400 organizations with more than 
900,000 employees. The meetings of 
this section are to be held on October 13, 
14, and 15. Another important group 
is the electric railway section which holds 
meetings on the same dates. 

In addition to the sessions for specific 
industries there will be a number of special 
industrial sessions. Among these are 
sessions on industrial health and indus¬ 
trial psychology. One of the features of 
the congress will be the annual safety 
exposition in the large exhibition hall of 
the Stevens Hotel, where more than 100 
exhibitors will d^play a panorama of 
standard safety equipment and the latest 
developments in safety appliances. This 
will be the most extensive and fully 
rounded safety congress ever held. It is 
significant that during these times of 
economy industrial safety activities have 
not slackened. 


Executives to Visit 
Research Laboratories 

A distinctive tour for industrial execu¬ 
tives and bankers to important research 
laboratories has been arranged for Octo¬ 
ber 5 to 15,1931, under the auspices of the 
National Research Council. The purpose 
of the tour is to demonstrate the impor¬ 
tance, value, and varied applications of 
research in industry, and by personal 
observation to study the operation and 
comply the different types of successful 
laboratories. The trip is similar to one 
made last year by a party of 100 selected 
industrial executives and bankers, and 
from which a number of very important 
by-products resulted. 

The group will leave New York Octo¬ 
ber 5 on a. steamer for Boston; then 
continuing by train will visit research 
laboratories in the eastern part of the 
country. Dinners and accommodations 
have been arrailged to insure the success 
of the trip. The laboratories to be visited 
are those of the Massachusetts Institute 
of Tecjmolo^, Dewey and Almy Com- 
pahy, Arthur D. Little, ^Inc., Thompson 


and Lichtner Company, and the United 
Drug Company, all in Boston; the East¬ 
man Kodak Company in Boehester; the 
Ford Motor Company and proving 
grounds at Detroit; Nela Park at Cleve¬ 
land; Goodyear Tire and Rubber Com¬ 
pany, and the Zeppelin Plant at Akron; 
the Basic Science Research Laboratories 
and Tanners Council at the University of 
Cincinnati, both in Cincinnati; Battelle 
Memorial Institute at Columbus; and the 
Westinghouse Electric & Manufacturing 
Company at East Pittsburgh. The exe¬ 
cutives of these laboratories are offering 
their fullest cooperation toward the success 
of the tour. 


Indoor Tower Tests 



SjE!TTIN 0 a precedent for indoor 
lightning investigations, according to 
reports, the full-size section of 132-kv. 
transmission tower shown in the accom¬ 
panying illustration recently was set up 
in the Westinghouse laboratories where 
3,000,000-volt surges are available from 
an artificial lightning generator. The 
set-up was made to study the behavior 
of a wooden crossarm eonstruction speci¬ 
fied by the Union Electric Light & Power 
Company (St. Louis) for a new trans¬ 
mission line from its Osage plant to 
Rivermines station. During the test, 
Stone and Webster engineers found that 
it took 1,800 kv. to flashover the string 
of insulators when hung from the wooden 
crossarm, as compared to 1,100 kv. to 
fiashover the same string with the usual 
steel supports. The man st^ding in 
the picture to show comparative sizes 
departed from the vicinity before the 
flash shown occurred. 


Illuminatins Engineers to 
Hold "Silver Anniversary". 

Beginning October 12th, the Illu¬ 
minating Engineering Society plans a four- 
day silver anniversary convention to be 
held at the William Penn Hotel, Pitts¬ 
burgh, Pa. Reflecting in full measure the 
importance of the occasion, an o\itstand- 
ing technical program has been provided 
which has kept pace with the latest and 
newest developments in lighting practise 
and technique. A pre-convention meeting 
for central-station lighting service en^S-" 
neers will be held on October 12, and 
the Hon. James Francis Burke will give 
the address of welcome to the opening 
session on the morning of October 13. 
An architeotural lighting session will be 
held that afternoon, and on the following 
day there will be a session on aviation 
lighting and an evening meeting which 
will include the conferring of honorary 
membership upon Dr. Elihu Thompson 
(Charter Member F*13-HM^28, and past- 
president) and Prof. Andr^ £. Blondel 
(A*05-HM*12). Lighting service and 
lighting practise sessions will be held on 
the following two days. Novel enter¬ 
tainment will feature the annual banquet 
and dance in the main ballroom of tlie 
William Penn Hotel on Thursday eve¬ 
ning. Ideal golfing faeilitieK will be 
available at the St. Clair Country Chi1>. 
Special consideration is being given to 
women guests by a Committee appointed 
for this purpose. A. W. Robertson, 
chairman of the Westinghouse Electric & 
Manufacturing Company is chairman of 
the general convention committee. 

Electrical Congress 
to be Held in Paris 

The fifth meeting of the International 
Electrical Congress is te be behl July 
1932 in Paris, where the first meeting 
of this congress was held in the year 1881. 
Subsequent meetings were held in Chicago 
(1893) Paris (1900) and St. Louis (1904). 

The purpose of the 1932 congress is to 
review developments, of the last few 
years in electrical theory and practise, 
and to enact such rules and formulate 
such standards as may be of advantage 
to future electricid progress. 

An American committee on organiza¬ 
tion has been appointed to arrange for 
the participation of technical and indus¬ 
trial organizations in the United States, 
and for the preparation of papers; it will 
welcome inquiries from persons interested 
in obtaining further information. The 
names of those serving follow: * 

B. W. Biae, ohiUnpan, Ctoneml Blee. Co., 
3<dienectad;, N. Y. 
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G. K. Burgess. Bureau of Standards. Wash* 
IngtoD, D. O. 

James Burke. Burke Elec. Oo.. Brie. Pa. 

L. W. Ohubb, Westingbouse B. & M. Oo., 
E. Pittsburg]^, Pa. 

W. D. Ooolidge. General Elec. Oo., Schenec¬ 
tady, NT. Y. 

E. O. Orfttenden, Bureau of Standards, 
Washington. D. O. 

W. A. Del Mar, Hablrshaw Oable & Wire 
dorp., Yonkers. N. Y. 

Gano Dunn. 43 Exchange PI.. New York. 
N. Y. 

L. L. Elden. Edison Elec. Ilium. Oo.. 30 
Boylston St., Boston. Mass. 

L. A. Ferguson. Commonwealth Edison Oo.. 
72 W. Adams St.. Chicago. Bl. 

A. N. Goldsmith. Radio Oorp. of America. 
o70 Lexington Ave., New York, N. Y. 

O. B. Harte,» The Connecticut Oo.. New 
Haven, Oonn. 

D. O. Jackson. Mass. Inst, of Tech.. 0am- 
bridge. Mass. 

F. B. Jewett. American Tel. A Tel. Oo., 
105 Broadway. New York. 

A. E. Kennelly. Harvard Univ.. Cambridge. 
Mass. 

O. O. Mallloux. Ill Fifth Ave.. New York. 
N. Y. 

J. H. McGraw, 10th Ave. A 36th St.. New 
York. N. Y. 

B. A. Millikan, Calif. Inst, of Tech., Pasa¬ 
dena, Calif. 

1. B. Moultrop, Edison Elec. nium. Oo., 
89 Boylston St.. Boston. Mass. 

F. D. Newbury. Westinghouse E. A M. Co., 
East Pittsburgh, Pa. 

H. S. Osborne, American Tel. A Tel. Co.. 
195 Broadway, New York. N. Y. 

Farley Osgood. 31 Nassau St., New York. 
N. Y. 

F. W. Peek, Jr., General Elec. Co.. Schenec¬ 
tady, N. Y. 

Harold Pender. Univ. of Penna., Philadelphia. 
Pa. 

M. I. Pupin, Columbia Univ., New York, 

N. Y. 

L. T. Robinson. General Elec. Co.. Schenec¬ 
tady, N. Y. 

L. B. StiUweU, 11 West 42nd St.. New York, 
N.Y. ^ 

N. W. Storer, Westinghouse E. A M. Oo., 
E. Pittsburgh. Pa. 

S. W. Stratton, Mass. Inst, of Tech.. Cam¬ 
bridge, Mass. 

PbiUp Torchio. New York Edison Oo., 124 
B. 15th St.. New York. N. Y. 

W. B. Whitney. General Elec. Co.. Schenec¬ 
tady. N. Y. 


Welded Rail Committee 
Reports Further Prosress 

Progress Report Number Seven of 
the Committee on. Welded Bail Joints 
recently was received at A. L B. B. head¬ 
quarters from the Institute’s representa¬ 
tive in that body. Prof. D, B. Bwing 
1tP*20) of Purdue University, Lafayette, 
Indiima. This report has been filed for 
reference in the Bngineering Societies 
Library, 29 West 39th Street, New York, 
N. Y. The committee is sponsored jointly 
by the American Bureau of Welding 
(weldinlg research department of the 
American Welding Society and division 
of engineering of the Narional Besearch 
Council) the Am^caOi Blectric Bailway 
Bngineering Assocaation, and the United 


States Bureau of Standards. Its member¬ 
ship comprises a total of about 60 individ¬ 
uals, including way engineers of several 
of the larger street railway companies, 
representatives of manufacturers of 
welded joints and welding equipment, 
welding experts, scientists, and testing 
63q>erts. 

About $24,000 was contributed origi¬ 
nally for use of the committee by the 
American Blectric Bailway Association, 
interested manufacturers and a number 
of the larger street railways. The Bail¬ 
way Association is acting as treasurer 
for the fund, expenditures being made 
upon authorization of the executive com¬ 
mittee appointed from the membership 
of the Committee on Welded Bail Joints. 
The principal objective of the committee 
is to improve each type of welded rail 
joint rather than simply to make com¬ 
parative tests of the relative merits of 
these joints. 

Previous reports (Beports No. 1 to 6 
inclusive) indicate past progress made by 
the committee. The present report in¬ 
cludes a study of the heat effects of 
thermit welds on the adjacent rail 
material; the effect of preheating and 
postheating welded specimens and rail 
joints; additional repeated impact tests 
of joints; and a study of butt and fish¬ 
plate joints made with the atomic hydro¬ 
gen process. The report includes also a 
study of stresses and distortions due to the 
heat of welding of low-carbon to high- 
carbon plates by Prof. T. R. Lawson of 
Rensselaer Polytechnic Institute, Troy, 
N. Y., and a discussion of this study by 
William Spraragen (M’26) of the National 
Research Council, New York. 


Architects Study 
Simplified Practises 

Typical of the service which the 
division of simplified practise of the 
National Bureau of Standards is equipped 
to supply are the simplified practise 
recommendations which they are now 
placing in the hands of each memb^ of 
the American Institute of Architects. 
This institute has been active in support¬ 
ing the , simplification movement since 
the government firat sponsored this in 
1921. 

The architect, although a strong in¬ 
dividualist, realizes the benefits and 
savings inherent in simplification and at 
the same time knows that his individ¬ 
uality and originality of design are not 
impaired when simplified building mate¬ 
rials are specified. It is not intended 
that simplification riiould mean standard¬ 
ization but that the industries will 
voluntarily limit varieties of stock items 


to those for which there is a constant 
demand. 

Bach member architect is being sup¬ 
plied with a complete list of simplified 
practise recommendations and is being 
informed of opportunities to obtain 
complimentary copies of any of the 
recommendations listed. Similar service 
for other industries has proved very, 
popular and effective. Bdwiu W. Bly, 
chief of the division of simplified practise, 
states that this same service will be 
extended upon request to other asso¬ 
ciations. 


Non-Magnetic Watch.—^A new nickel- 
steel alloy originated by Dr. C. B. Guil¬ 
laume, a winner of the Nobel Award in 
Physics, permits making a watch with 
hairspring and balance wheel which c n- 
not be magnetized permanently. The 
conventional watch with regulation steel 
hairsprmg and the usual type of balance 
wheel becomes so erratic after exposure 
to magnetic fields up to 360 lines per sq. 
in. as to be rendered useless as a time¬ 
keeper. Bxtensive tests show that even 
in a field of 3,600 ^nes per sq. in. the 
hairspring and balance wheel of non- 
magnetioally 6quipi)6d watches were 
stopped only whilG actually within the 
magnetic field, resuming operation im- 
me^ately upon removal therefrom. 
Ordinary watches under the same mag- 
netio iufiuence stopped **dead” and 
would not run again until they had been 
demagnetized .—Telegraph and Telephone 
Age. 


Meeting of Committee on Electrical 
Insulation.—'The fourth annutd meeting 
and conference of the committee on 
electrical insulation of the division of 
engineering and industriid research of 
the National Research Council, will 
be held at Harvard University, Cam¬ 
bridge, Mass., November 13 and 14, 
1931* There will be three technical 
sessions with papers on the physics and 
chemistry of dielectrics and on recent 
progress in engineering research in the 
field of dielectrics as applied to the insu¬ 
lation of electric circuits. A dinner on 
Friday evening will be followed by a 
lecture dealing with recent advances in 
dieleetrio theory. Dr. J. B. Whitehead 
of Johns Hopkins University is chairman 
of the committee. 


South American Congress of Electrical 
Engineers.—The first congress of elec¬ 
trical engineers in South America is 
to be held at Buenos Aires from July 4 
to 11, 1932, under the auspices of the, 
AsociaciCn Argentina de Blectrot^cnioos. 
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School of Welded Buildins Design.— 
The opening of a school of welding design 
at Schenectady, N. Y., has been announced 
by the GeneraJ Electric Company. Its 
purpose is to teach engineers, architects, 
and draftsmen, both in and out of its 
employ, the methods of designing welded 
buildings. The course requires approxi¬ 
mately four weeks for completion, and 
can be adjusted to suit the needs of each 
individual. There is no charge for in¬ 


struction, the only requirement being 
that the applicant be an engineer or 
have some training in structural design 
or experience in the design of riveted 
stnictures. The differences between the 
application of welding and riveting to 
steel frames will be taught. The sub¬ 
ject will be approached from a scientific 
point of view based on studies and tests 
made by this company over a period of 
of years. 


Leitersi to tbe EJiior 


Has Man Benefited 
by Ensineering Progress? 

To the Editor: 

Permit me to express my complete sympathy 
vith'the statements made by Hr. Dreher in 
his letter published in the Septmnb^ issue (of 
Slectrioal Enoinberimg, p. 766) commenting 
on Doctor Mees's article, **Has Man Ben^ted 
by Engiiieering Prepress?** (Elbotsioaxi Bngi- 
NBERIN , Aug. 1931. p. 642). 

It is well that ei^lneers b^;fn to appraise the 
advantages of rapid industrial progress as 
against the Importance of the social, int^eothal, 
and spirltnal advancement of the human race. 
It seems that with the growtii of 
appliances, the necessity for thought has almost 
disappeared. People go through life controlled 
by custom, prejudice, and superstition, working 
for tiielr sustenance at some routine job that 
requires an Infinitesimal amount of brain wmic 
and employing the balance of their time in some 
amusement or recreation that requires still less 
of intellectual effort. 

However, I do not quite agree with Mr. 
Dreher In his statement that **'For all 
engineers are as much to blame as educators, 
mriests, and magistrates.'* Perhaps the guilt 
of the educators mid magistrates may be 
comparable to that of the engineera. but surely 
the greatest blame rests on the priests and other 
religious leaders who are supposed to lead the 
way for the social and spiritual advancement of 
the h uman race. As Idr, Drdier sairs, "The 
inability of men to cast off superstition . . . 
is fraught with the gravest danger." Probably 
tills inabilil^ Is due more than anything else 
to the great power of oxnr present religions 
leadertiii^. a leadership which is founded 
entirely on anolent superstitions, to mold public 
opinion. 

Apiiareiitiy there is among engiueers. as 
among most people, a great fear of 
otisting rellgioiis, as they are preached by their 
leaders, and of finding themselTes ostracized If 
tii^ express opinions that seem to run counter 
to those of the masses, of that "stupid and 
jAdistlQ herd,** to use Mr. Dreher*8 words, la 
It not time for engineers, who are trained from 
tiwiir early youth to learn the truth and to have 
an open mind, to begin to be frank and out¬ 
spoken in their valuation of the leaders in other 
fltidst 

Oiilybyfreeing thehumansoul and mindfroni 
wee shaddes of prejudice and superstition 
can we expect the Improvement in the social 
and spiritual Iffie of humanity without whiCh 

Ofur gr^ mecha^cal progress is valuele^ 

It is held quite generally .that human, nature 
dM not change; I am ehotuhof an optimist 
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to believe that some day our mechanical progress 
will be considered of less importance than our 
social progress, and that we shall have leaders 
in ethics, biology, sociology, psychology, 
psychiatry, etc., who will convince us that 
human nature can change for the better; who 
will show us the way to assist oonscloutiy in 
making this upward progress more rapid. This 
will be the time when these leaders will be 
xeq;>ected and followed to a greater extent than 
are our modem piiCsts. 

Tliere is no reason for not confessing faith in 
a theory of evolution which has for its goal an 
ideal human being, jpossessing within himself, 
besides the intellectnal power that sclentlflc 
and mediaiilcal progress Indicates, a human or 
spiritual power which will make him realize 
that only as he can help to improve or enlarge 
the human values of those with whom he comes. 
in contact can he himself become of greater 
worth as a member of the human race. 

Tours truly, 

G. LOBO (A’Ol, P*12) 

(Pres. A Treas., Kelvin Engineer¬ 
ing Oo.. Inc., New York, N. Y.) 


Concerning 
Voice Training 

To the Editor: 

1 wish to offer comment upon some of tho 
statements appearing in **Volce Traio^ on a 
Scientifio Basis," published in the September, 
1931, ELBOTniOALENQINEBRlNG: 

In order that the/ experience which may 
qualify me in makiug such comment may be 
knoTwi, permit me to say that my hobby is 
vocal music. Among the various instructors 
with whom I have studl^; I might yr^Anii on 
Dan Beddoe, nationally known concert imd 
oratorio tenor, now with the Conservatory of 
Music of dnehmati; and Italo Piotiii, opera 
singear, formerly with the Metropolitan Opera 
Company of New Yoric. now with the College 
of Music of Oincinnai:l. 

Passing over the first and second paragraphs, 
which are introductory, the third paragraph I 
may say agrees predstiy with my conceptions 
based on experience. 

The fourth paragraph I also endorse with 
emphasis. It holds encouragement for the 
^>«8lnner—although some qualification of the 
statements may be made: 

Cl) It may be true that in certain cases physU 
ological defects may be present; e. g., a tonsil^ 
tomy not carefuUy done as to restriction In the 


area of cutting may impair a voice tlnough iTit<ir> 
furence with proper muscular action. 

(2) A voice may be inherently not pk^lng. 1 
say with hesitation, for although there Is 
wide variation in individual timbOR or quality, 
so much depends upon tho mental and emotional 
characteristics. 

(3) Physical vitality Is of considerable impor¬ 
tance. (While a beautiful rendition of tho work 
of "Violetta** in La Traviata might bo made by 
some one who Is "perpetually tired,** a robust 
constitution would be an asset for tho singing of 
the toreador song from Oarmon—with encores. 
Probably it is simply a question of tho energy 
required, both for the tone characicristics and 
demand upon endurance over a period of time. 
In other words, the quality of robustness is 
desirable in a singor; at least for certain work. 
Average health and vitality, however, are in 
general adequate, oven for professional singing.) 

My particular attention, however, hiis boon 
arrested by the fifth paragraph. I should say 
definitely that the *‘lower roglsUir'* covers tho 
entire range of correct singing. Tho "rogistor" 
or manner of tone formatbin should be uniform 
throughout the range used, tho only difforonce 
in tones at diffot'ont pitch being tlio naturally 
increasing pressuro of breath as tho scale is 
asconded. (Through exercise of control, lower 
tones may be simg "forte** and upper tones 
"piano"—but for a well-dovelopod tone of 
consistont timber, Mio natural action will bo 
as first stated.) 

The. slngor*8 range is about two octiivi^ 
(instead of throe) for a well-dovoIoiKKl voice. . . 
The falsetto or upper rogistor tone is rarely 
used, and gently Is imtniinod. It is a head 
tone, usually ^t and unploasing. Wo say It 
lacks resonance, but tills may bo duo to iimbility 
to produce much vibrato on acuount of the 
different use of muscles and resonating cavities. 
A silver also is usually unable to luako much of 
a crescendo on a falsetto note. Yodelling is tho 
repeated transfer from natural to falsetto tone 
and tile reverse. The fiUsi^tto is used by singers 
of repute occasionally for a pianlaalmo con¬ 
cluding note in a song, above tho singer's natiunl 
range. 

From a sclontiJlo standpoint, I should not 
take exception to any of the statomonts in the 
article except "Tho n^stors should bo lsolai<od 
and tialned separately; only when fully de¬ 
veloped should they be coordinated.** From tho 
practical point of viow of tho singer the value of 
this opinion is questionable. 

I have tho opinion that tremolo, or pitch varia¬ 
tion, is a fault in singing techniquo. Tho author 
did not clearly define "tremolo;** and tho state¬ 
ment that "Tho vibrato is tbo means for moving 
the voice corroctly from tone to tone** does not 
seem to bo consistent with his definition of 
vibrato nor'ray oxporience. 

Much further sdontifle work might be tionc 
on tho human voice, which might indudo: 

(1) Tho relative contribution as resonators 
of tho various hoad and throat cavities, and 
variation In relative volume of sound from noso, 
mouth, and extemid surfaces of hoad and neck. 

(2) The possibility of boat notes botwoon 
resonating cavities resulting in some vibrato 
without variation of mitscular tension, as de¬ 
scribed in the artldo. 

(3) A study of the transition in ton© quality 
from an ‘*open’* to a "coverod" tone. Modioore 
singers habitually uso a tone of ono particular, 
timber; the real artist varies tho tone quality 
as well as tho Intensity and vibrato to suit the 
emotional interpretation. 

(4) A common fault in singers is tho Incorrect 
tension of throat and soft, palate musdes. 
For the individual learning to sing, intolUg^t 
tutelage probably win be of more valuo a 
setentifle exposition of this subieet. 

(6) The reduction in range caused by fatigue— 
particularly tho loss of lower notes. 

Very tiruly yourq. . ' 

CHARLES BTITTON (A*29) , 

, (Sales Engineer, ^pl^')p<lal>ot 
Electric Oo., CPnclnnald, Ohio) 
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The Enjifle r 
. In Civic Affairs 

To the EdUA: 

1 was greatly Interested in reading the article 
entitled “The Engineer in Civic Affairs,” by 
J. Allen Johnson in the September issue 
of SLBCTOiOAn Enoinbbbino (p. 727). The 
thought occurred to me that I could perhaps add 
my small bit to the question of soiving this 
problom» due to the fact that I have mixed my 
engineering work with some public service, 
having served during my spare time as president 
of a village board of education for the past eight 
years, and os chairman of a village planning 
board for the last five years, during which time 
1 was engaged also as engineer in the design of 
some of the larg^t electric power plants in the 
Metropolitan (New York) district. 

Mr. Johnson divides the problem into two 
questions: (1) how to establish a high pro¬ 
fessional standing of engineers, and (2) how to 
establish a high standing of the engineering 
profession in public affairs. 

In answer to qtiestioa number one 1 should 
reply as follows: 

it would seem that the rapid strides in engi¬ 
neering achievements during the past generation 
could not have been possible without the faith 
of the investing public in providing the necessary 
financial backing to carry out the Ideas advanced 
by engineers, and the dependence of the public 
in general upon the skill of the engineer in 
looking out for public comfort and safety as 
exompUfled in the immediate acceptance and 
use by the public of new developments as rapidly 
as they appear. 

1 ^ould answer question niunber two as 
follows: 

The question of establishing a high standing 
for the engineering profession in public affairs 
rests entirely upon the shoulders of the engineer. 
If the engineer who may be recognized as au 
outstanding figure in his profession will refrain 
from passing Judgment on public problems until 
he has studied and analyzed them in the same 
manner in which he would attack an engineering 
problem, and then be prepared to back up bis 
Judgment with sound reasoning, the public soon 
would leam^to respect such decisions and thereby 
bring credit to the profession. The engineer, 
however, in common with men in other walks of 
life, likes to have his vanity tickled by being 
asked questions on public affairs with which ho 
is only remotely familiar, and fe^ that he must 
live up to his reputation by answering 
impromptu. He thereby falls into the trap of 
making statements, based on snap judgment, 
whldi appear ludicrous ^^n broadcast In cold 
newspaper type. 

0])]y. when ^engineers oome to realize that 
every Ihne a more or less prominent member of 
their profession passes snap judgm^t on some 
outstanding public problem which cannot be 
solved off-hand, even by persons who have made 
a long study of such conditions, he thereby 
brings discredit to the entire profession in the 
minds of the public, then, and oifiy then, will the 
necessary steps be taken to correct 8u<fii con- 
dltdons so that the profession aa a whole can be 
placed in the position of high standing which it 
deserves: 

As it is desirable that the engi n ee ri ng pro¬ 
fession establish a hig^ standing in its opinions 
on public affairs, the problem of creating such a 
€(tandlng should be attacked alt the root. To 
obtain full and complete information on snob 
problems it is necessary that Indlvldnal engi¬ 
neers give up a portion of their time to gratuitous 
public service as suggested by Doctor Wicken- 
den (and quoted by Mr. Johnson). It Is only 
in this way that they can become thoroughly 
familiar with the thoughts and ideas of the 
people with regard to public affairs. With this 
information &s a bads oo^ which to work, local 
councils or committees on public affairs cah be 
formed ^eoiddst^ of representatiyes of the 
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various engineering organizations wh are 
familiar with such problems through actual 
contact with the public. 

Problems of local interest can be handled 
readily by these councils, but in order to cover 
larger problems, the work of the local committees 
should be coordinated by state-wide councils 
and, for national problems, tlnough a national 
engineering council consisting of representatives 
of all the state councils. 

Opinions on public affairs given by such an 
organization then would not represent the ideas 
of individual engineers on more or less unfamiliar 
subjects, but would represent the coordination 
of the thoughts and ideas of many highly trained 
minds conversant with the detailed aspects of 
each case. By means of a flexible organization 
of this tsrpe, consideration of public problems 
would be confined to the small group interested 
in local affairs or expanded to cover state or 
national issues as required to meet the particular 
case. 

In conduston I should add that in order to 
secure the confidence of the public in the opin¬ 
ions of the engineering profession In public 
affairs, there must be a realization among engi¬ 
neers that proficiency and success in their own 
prafesslon does not of Itself qualify them as 
authorities on public questions which ore not 
of an enginoering nature. 

Very truly yours, , 

ROBERT BAKER (A*17) 

(Ohlef Engineer, Thomas E. 

Murray, Inc., New York, N. Y.) 


A Formula 
for Happiness 

To the Editor. 

While the following is perhaps a rather tardy 
comment on Doctor Mecs’s refreshing query, 
“Has mau benefited by engineering progress?’* 
(ELnoi*itiOAL Enoikbshinq, Aug. 1031, p. 642) 
it is an immediate discussion on the discussion 
itsdf. 

Doctor Mees's question was directed to engi¬ 
neers, but the answers so for published have 
exhibited philosophic elasticity rather than the 
conciseness one associates with engineering 
expression. Carl Dreher (Elbotbioaii Eboi- 


NBBRINO. Sept. 1931, p. 766) introduces Schlier 
Into the controversy, and my equally good 
friend Professor Jansky (Elkctbical Bnoi- 
BBBRINO, Sept. 1931, p. 766) like Torquemada, 
would substitute welfare for happiness. Happi¬ 
ness may be “incommeasurable,” but at least 
it is tangible, intimate, and real, while welfare 
Is often artificial, and arbitrary, with no con¬ 
sistent economic meaning. The Inquisition 
pinched, burned, racked, and quartered in the 
fair name of welfare. . . . 

The problem is fundamentally hedonistic, and 
though it cannot bo expressed numerically on. 
engineering principles are violated by the 
option: 



where the symbols consistently represent 
emotional factors: H happiness, a the capacity 
to make the most of potentifid happiness. 
b potentild happiness, c potential evil, and A the 
capacity of society to resist evil. History and 
psychology seem to indicate that over the 
historical period this last factor has remained 
constant. 

Potential happiness b incontrovertibly has 
been increased by .engineering progress ^ the 
form of) movies, trips around the world, Rolls 
Boyces, private yachts, airplanes, theatres— 
a thousand luxuries. But it is doubtful if ur 
capacity to enjoy these things a has kept step 
with their potentiality. On the other hand, 
potential evil e certainly has received an incre¬ 
ment with every major scientific development. 
Hence, with k a constant, it is probable that the 
Grecian Helot had not merely “as good a 
chance” but a hotter chance 'Tor happiness than 
most modem factoiy workers.” 

It will be obsenred that If the factor c/h 
becomes lager than a/b (as necessarily occurs in 
the case of groat eeononoic distress, such as war, 
depression, strikes and wholesale banditry) 
happiness H becomes imaginary. And if 
philosopMc considerations must enter into the 
discussion. Inspection of the equation will 
indicate that the highest attainable happiness is 
expressed by unity, a mathematical interpreta¬ 
tion compatible with TTtoplan bUss or Schopen¬ 
hauer's positivity of evil. 

Sincerely yours, 

ZEH BO0OK (non member) 
(Oonsulting Engineer 
Flushing, L. I., New York) 





Naw York Power Group Opens 
Season With Talk on Cables 

The Power Qrotip of the New York 
Seotion will open the 1931-1932 meeting 
year on the evening of October 6 with a 
talk on ‘Tower Cables—^Development 
and Trends” by D. M. Simmons, (^ef 
consulting engineer of the General Cable 
Corporatioru 

Cable engmeers have many choices 
regarding type of cable and insulating 
materials available for application to 
specifio problems in the taransmission and 


distnbution of electricity, and .Mr. 
Simmons will discuss their advantages 
and disadvantages. He will 'outline 
modem trends and show that present de¬ 
velopments in the art, undreamed of a few 
years ago, make practical underground 
installations up to and including 220 kv. 
High lights of Mr. Simmons’s talk will be 
emphasized with an interesting group of 
lantern slides. 

In aooordance with the established 
practise of tl^ New York Section groups 
the meeting'^ be called promptly at 7:30 
p. m. and adjourn at, 9:30 p. m. A 
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ooldial iuTitation is extended to all who 
wish to join in the disonssion. The 
meeting will be held in Room Fifth 
Floor, Engineering Societies Building, 
33 West 39th Street, New York, N» Y. 


New y rk Communication Group 
to Resume Activities October 27 

The opening meeting of the New York 
Section’s Communication Group will be 
held on Tuesday, October 27, 1931, at 
7:30 p. m. in the auditorium at the 
Western Union Building, 60 Hudson 
Street, New York, N, Y. The noted 
physicist of the Bell Telephone Labo¬ 
ratories, Karl K. Barrow, will discuss 
“The Plow of Electricity in Various 
Media.” His treatment of the subject 
will be popular rather than technical and 
will be of interest not only to men asso¬ 
ciated with any phase of ^e communioar 
tion industry, but also to all members of 
the Section. Although the meeting will 
adjourn at 9:30 sharp, there will be ample 
opportunity for general discussion. 


Chicago Section Power Group 
Organizes for 1931-1932 

The Power Group of the Institute’s 
Chicago Section was authorized in 1929 
by the Section’s executive committee, for 
the purpose of providing more meetings 
relating to the generation and distribu¬ 
tion of power than were permitted by the 
limited schedule of formal Section meet¬ 
ings. Meetings of the group since have 
been held in the rooms of the Western 
Society of Engineers, with an average 
attendance of approximately 126; some 
of these were designated as joint meetings 
sponsored by that society and the Chioago 
Section. 

L. W. Smith of Sargent & Lundy has 
been elected ohairman of the Power Group 
for the season 1931-32 and the work will 
be carried on under the supervision of the 
executive committee the other members 
of which are: 

9« li. Behunaiui, Midland United Oo., vice* 
ChabmaiL; A. J. Oonunonwealtb Edison 

Oo,; N. O. Pearcy, Byllesby Bngg. A Mgt. Oorp.; 
H; T. Eddy. Public Service Oo. of Northern 
HUnoifii: Ocrdon Oavanagh. North 
Lt.APr;Oo. 


Montana 

Section Organized 

Ai^orify. to organize a 
S eotion.of the Institute with the entire 
staVas its temtory was grimted at the 
meeting of the l^ard of, directors 


June 24, 1931. This Section was or¬ 
ganized recently with Bozeman as its 
headquart rs; officers elected are: chair~ 
man. Prof. J. A. Thaler, Montana State 
College; secretary, H. Dale Cline, Moun¬ 
tain States Telephone & Telegraph 
Company, Bozeman; additional members 
of executive board, W. A. Boyer, Butte; 
J. C. Dow, Great Falls; and RoUin 
Keunard, Great Falls. 


Fudure 

Sectton IVIeefingrs 


Lehigh Valley 

October 16, 1931—First meeting of 
1931-1932 season. Recent Deyxlot- 
UENTS IN Tbansfobmebb, by H. V. 
Putman, manager, transformer engi¬ 
neering department, Westinghouse 
Elec. & Mfg. Co. Meeting to be held 
at Altamont Hotel, Harieton, Pa. 

Toledo 

October 16,1931— ^Hioh Tension D-C. 
Tbansuisbion, by H. R. Summerhayes, 
General Eleotrio Company; Electbioau 
System Operation, by F. H. Dubs, 
Toledo Edison Company. 


Past 

Section Aleetin0S 


Portland 

Some Institutb Problems, by C. E. 
Skiimer, president of the A. I. E. E., and 
assbtant director of engineering, West¬ 
inghouse Elec. Sb Mfg. Co, Also, motion 
pictures and lecture on Doctor SMnner’s 
trip through the Orient. Dinner at the 
University Club preceded the meeting. 
August 18. Attendance 74. 

Vancouver 

Some Institutb Problems, by O. E. 
Skinner, president of the A. I. E. E., and 
assistant director of engineering, West- 
in^ouse Elec. & Mfg. Co. Doctor 
Skinner showed motion pictures which 
he had taken during his recent world tour* 
Dinner at the Geoigia Hotel preoeded the 
meetiiig. August,14. Attendance 33. 




>nal 


H. H. Barnes (P*13) of the General 
Electric Company, New York, N. Y., 
recently has been appointed a divisional 
chairman of the commerce and industry 
division of the Emergency Unemploy¬ 
ment Relief Committee of New York 
City. Mr. Barnes will head the activities 
of the electrical industries in the division 
and will form a committee to conduct 
solicitations among individuals and cor¬ 
porations in the electrical held. The 
relief committee has been organized by 
business leaders to provide for New 
York’s unemployed during the ooming 
winter, and plans for coordinating the 
task of raising and distributing funds 
already have been announced. 


L. M. Cargo (A’06) executive repre¬ 
sentative, Mountain States, Westing- 
house Elec. & Mfg. Company, Denver, 
Colo., and recently elected president of 
the Electrical League of Colorado, was 
chosen a member of the League Couneil 
at the annual conference of electrical 
league managers held July 27-31,1931 at 
Association Island, New York. 


A. C. Streamer (A’lO) for some years 
assistant director of sides, Westinghouse 
Elec. & Mfg. Company, East l^ttsburgh, 
Pa., has been appointed sales manager of 
the company’s diversified products 
department in which is grouped all 
Westinghouse equipment not specifically 
alined with transportation, central station 
or industrial activities. 


W. S. Moody (A’06, P’12) consulting 
electrical engineer transformer depart¬ 
ment, Pittsfield, Mass, and for 43 years 
identified with transformer design and 
production for the General Electric 
Company, retired as of July 1,1931, from 
active work. He however will retain in 
consulting capacity his connection with 
the company. 


W. S. Gifford (A’16) president of the 
American Telephone & Telegraph Com¬ 
pany, New York, N. Y., and director of 
Presidettit Hoover’s unemployment relief 
organization, has been elected to mem- 
l^hip on Ihe finance^ comnuttee of the 
United States' Stee^ Corporation to 
sucoeed the late George F. Baker. 
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Hbnbt G. Wood (A’23-M'28) assistant 
manager of the northeastern division of 
Westinghonse Eleo. & Mfg. Company, 
New York, N. Y* recently changed to 
become electrical engineer in the general 
sales department of the Worthington 
Pump and Machinery Corporation, Harri¬ 
son, N, J. 


A. D. Stephanus (M*2S) special 
representative of Westinghonse Electric 
International Company, Oslo, Norway, a 
short time since removed to the com¬ 
pany’s London office, 2 Norfolk Street, 
Strand, London W. 0.2, England. 


William Shuler (A*15->M*24) until 
recently electrical engineer for the Colum¬ 
bia Engineering & Management Corpora¬ 
tion, Cindimati, Ohio, has accepted a 
position with the Dayton Power and 
Light Company of Dayton, Ohio. 


H.E. Stafford (A* 13-M’25) electrical 
ngineer, Provincisd Paper Mills, Ltd., 
Port Arthur, Ont., Canada, has changed 
his position to one with Moss Mines, 
Ltd., Tip Top Spur, Canadian National 
Railways, Ont., Canada. 


Theodore Boddb (A’19) of the engi¬ 
neering department of the Gleneral 
Railway Signal Company, Rochester, 
N. Y., has received appointment to 
professorsffip at Northeastern University, 
Mudken, China* 


W, P. Hammond (M’20) engineer of 
generating plants, Allied Engineers, Inc., 
Birmingham, Ala., has been appointed 
engineer for the Atlantic district of his 
company, to succeed L. N. Blago¬ 
veschensky* • 


M, A. Thomas (A’31) who previously 
has been located at the University of 
Texas, now is connected with the New 
Mexico College of A. & M. in the capac¬ 
ity of assistant professor of electrical 
engineering. 


H. S. Evans (A’08) who was manager 
of the industrial department, Denver 
division of the Vacuum Oil Company, 
Incorporated, has removed to the New 
York headquarters of the company. 

L K. DqRTORT* (A*29) until recently 
electrical engineer ^t Camden, N. J. for 
the Bro'^ Boveri Company, has removed 


to Milwaukee, Wis., to join the AUis- 
Chalmers Mfg. Company* 


Robert Landis (A’22) designing engi¬ 
neer at Brown Boveri Company’s Cam¬ 
den (N. J.) plant now has joined the 
Allis-Chalmers Mfg. Company at Mil¬ 
waukee, Wis. 


^ H. WiNOORAD (A’2G) electrical engineer 
for the Brown Boveri Company, Camden, 
N. J., now is identified with the Allis- 
Chalmers Mfg. Company, Milwaukee, 
Wis. 


Leo N. Blagoveschensky (A’25) who 
has been serving in the capacity of district 
engineer of Allied Engineers, Ino., Atlanta, 
Ga., has resigned from this position. 
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Harry Phillips Davis (A’Ol, M’Ol) 
vice-president and director of the West- 
inghouse Electric and Manufacturing 
Company, chairman of the National 
Broadcasting Company, and one of the 
country’s foremost engineers and execu¬ 
tives, died at his home in Pittsburgh, Pa., 
September 10,1931. He had been ill for 
several months, and at the time of his 
death was sixty-three years old. He was 
bom at Somersworth, N. H., and was 
graduated with the degree of bachelor of 
science from Worcester Polyteclmic Insti¬ 
tute, from which in 1930 he received also 
the honorary degree of Doctor of Engi¬ 
neering, For more than 21 of the 40 
years he was connected with the Westing- 
house Company, he had charge of the 
company’s engineering department; for 
15 years, he directed its engineering and 
manufacturing operaldoDB. In 1911 he 
was elected a vice-president. Among his 
early achievements was his work in the 
electrification of the New York, New 
Btaven and Hartford Railroad, the world’s 
first single-phase railway electrifiisation 
and a phenomenal engineering feat. His 
ability pene^ted not only ah phases of 
this electrification but many others that 
followed it. He was a man of indomi¬ 
table energy, initiative, and vision, and 
his career was one of wide aohieven^t* 
Nearly eighty electrical patents have 
been issued to him, and under his leader¬ 
ship many of the most important 
advances in the electrical art relating to 
meters, measurmg instruments, eiicuit 
breakers, railway control, transmission, 
and radio, have been ms4e. Has fore¬ 


sight was perhaps most clearly demon¬ 
strated in the starting of the first broad¬ 
casting station; at a time when the 
public, aud engineers as well, were 
looking upon radio quite definitely as a 
means of private or point-to-point com¬ 
munication, Mr. Davis envisioned it as a 
public service over a wide area and one 
to which everyone might listen. That 
was the birth of radio broadcasting, and 
by Mr. Davis it was looked upon as a 
public trust. With the success of the first 
station, November 2, 1920, he quickly 
placed others in service, thus establishing 
what may well be termed one of the 
greatest developments of the century. 
He was active in every phase of radio, and 
at the time of his death was known 
internationally as the ’’father of radio 
broadcasting.” 

Mr. Davis was director of more than a 
dozen corporations, among them the 
Westinghonse Electric International 
Company, Automatic Gear Shift Com¬ 
pany, the Radio Corporation of America, 
R. C. A. Photophone, Ino., Radio-Keith- 
Orpheum Corporation, R. C. A.-Yietor 
Company, Ino. He was also a vice- 
president of the Turtle Creek & Allegheny 
Railroad Company, and held membership 
in many engineering and scientific socie¬ 
ties, the University Club of Pittsburgh, 
the Pittsburgh Athletic Association, and 
the Oakmont and Edgewood Country 
Clubs. 


Edward James Condon (A’12, M*21) 
president of the Condon Engineering 
Company and General Power Company of 
Chicago, Ill., died suddenly August 25, 
1931, of heart disease. He was 69 years 
old, having been bom in Cambridge, 
Mass., and educated in the Boston public 
schools. He first became interested in 
engineering and utility work in 1893, and 
in association with sever^ others ao- 
complished a number of water and sewer 
contracts for the city of Chicago. In 
1896 he directed the building of a reser- 
vok on the southern slope of Pike’s Peak 
for the city of Cripple Greek, Colo. The 
following year he returned to Chicago as a 
member of the firm of Cleary & Company, 
doing municipal work construoting water 
works, and gas and electric plants. As 
early as 1905 he became interested in 
several small deotrio plants, rebuilding 
some of them into an interconnected 
S 3 r 8 tem in northeastern Indiana and 
southern Michigan. In 1924 these latter 
properties were bought by the Midland 
Utilities Company. Concurrent with his 
ownership and management of the Con¬ 
don Engineering Company, he became 
president, general manager, and part 
owner of the Minnesota Electric Light & 
Power Company and the Eastern Mon¬ 
tana Light & Power Company; still later 
he was electe^ to the vice-presidency and 
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general maDagement of the Inter-Moun¬ 
tain Hallway, Light & Power Company, 
operating in sixty cities and towns in 
twelve states. In 1925 he became presi¬ 
dent of the General Power & Light 
Company, but in 1929 disposed of all of 
his utilities proi)erties and devoting his 
entire tim to the Condon Engineering 
Company. His friendly personality won 
for him a wide acquaintance, not only 
among the men of all ranks in professional 
and the utility fields, but in fraternal 
organizations as well. He was a past- 
president of the Indiana Electric Light 
Association. He was always active at 
teclinical conventions; and was a member 
of the Western Society of Engineers, the 
Art Institute (Chicago), and Knights of 
Columbus. 


Edward Otto Zwibtusch (A*22) 
general manager of C. Lorenz A. G., was 
killed in an automobile accident August 
8, 1931. To German industry his death 
represents the loss of sm exceptional 
organizer. An American by birth (Mil- 
wauke ), January 20, 1866) he attended 
the University of Wisconsin at Madison. 
In 1886 he entered the employ of the 
Western Electric Company, and there 
received a practical knowledge of tele¬ 
phony, then in its infancy. This knowl¬ 
edge he utilized by going to Berlin in 
1888 and founding the Telephon-Apparat- 
Pabrik. In untiring effort, he invented 
many new methods of telephony which 
were immediately adopted by the Heichs- 
post. Charmed with the country of his 
ancestors, Mr. Zwietusoh in 1904 became 
a German citizen, until 1921 conducting 
his business in Salzufer; then be became 
the representative of the Western Electric 
Company with the International 
Standard Electric Corporation, a position 
which he held until 1926. Jn January 
1927 he was appointed General Director 
of the Vereinigten Telephon und Tele- 
graphenfabrik, A. G. Czeija» Nissk & 
Company, Vienna. At the completion 
of this work early in 1930 he undertook 
the management of the Telephonfabrik 
Berliner A. G. in Berlin-Steglitz, remain¬ 
ing until accepting his recent position. 
Mr. Zwietusoh was a man of few words, 
but he studied every problem thoroughly 
p.ot only from a theoretical point of view, 
but a practical business angle as well. 
He was a man much beloved by his oo- 
WQikm and esteemed by all with whom 
W business dealings. 


Po^TijuD jEfATBlPAX WhITIWO (A*18, 
F’30},siii.^ Jainiary.1930 teohnioal direc- 
; tor and chi^ engmecr of the Fox Hearst 
Omporaiaon of New Tork City was killed 
m accident on September 8, 1931. 
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He was bom in Lowell, Mass., April 13, 
1891, and graduated from Worcester 
Polytechnic Institute in 1915, receiving 
his E. E. degree in 1922. He was 
licensed as an electrical engineer by the 
University of the State of New York in 
1927. In 1916 he entered the special 
resemroh department of the W^estem 
Electric company, and in 1925 was made 
supervisor of the apparatus development 
department of the Bell Telephone Labora¬ 
tories. Two years later he became staff 
engineer in charge of testing and research 
for the Pox Hearst Corporation and in 
1929 was promoted to direction of the 
work. In each of these affiliations, 
Mr. Whiting evidenced rare inventive 
genius. He was a member of the Insti¬ 
tute of Radio Engineers and of the Society 
of Motioq Picture Engineers; and a 
fellow of the Radio Club of America and 
of the American Association for the 
Advancement of Science. At the time 
of his death he was still active on the 
foUowing committees: membership, Radio 
Club of America; papers, Radio Club of 
America; projection, Society of Motion 
Picture Engineers; and committee on 
standaiTdization of the Institute of Radio 
Engineers. 
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A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate thein 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

Balagdbr. Makubl M., c/o International Tel. 
& Tel. Oo., 67 Broad St., New York, N. Y. 

Bokcb, Lbwxs I., Bocky Hill. Ooun. 

Clare. Bbbkard. 7d Jenness St., East Spring- 
field, Mass. 

CoLB, Will O., Box 222, Westwood. Calif. 

Fabmlof. Oharlbs G. T.. 1318 Laketon Road. 
WiUdnaburg, Pa. 

MoLban. Jambs S., 100 Old Army Road. Scars- 
dale, N. Y. 

Mblsor, Stbnbt W.. Yeatton Woolwich Road. 
• Abbey Wood, London, S. B. 2, Bnjdand, 

MoxmTAiK, C. B., Burma Blee. Supply Oo., 
Mandalay, Burma, India. 

Parr, J. 0.. 245-7l8t Street. Brooklyn, N. Y. 

PisTOBiua, L. H., 103 Jeppe St., Johannesburg. 
South Africa. 

PawnaAM^ W.r M,. 100 Biddle St., WlUdnsburg. 
Pa. 

SosRooE, JoBB B., 8720 Main St., Lawrence 
Park, Erie, Pa. 

STBMrrtB. Frbbb'bioe, 8126 B. Vemor BQgh- 
way. Detroit, Mich. 


Tatb. William, Apartado No. 41. Publa, 
Mexico. 

VOROMOVSXT. T. G., 1162 Waveriy Place. 
Schenectady, N. Y. 


Test Code 

for Transformers 

In the early part of 1929 a propu.sition 
was placed before the standards com¬ 
mittee of the Institute, looking to the 
development of test eodes for electrical 
maehmery and apparatus. After a caro- 
ful survey to obtain the reactions of key 
men in the manufacturing and electric 
power fields, the committee decided to 
proceed, covering for the time only the 
development of codes for the more 
important types of apparatus, such a.s 
generators, motors and transformoi^s. 
This procedure was approved by the 
board of directors in May 1929. The 
standards committee then asked the 
electrical machinery committee to under¬ 
take the work, and at the meeting of 
July 23, 1931, the first report from the 
electrical machinery oormnittee covering 
the ^*Test Code for Transformers” was 
received. 

In order that the electrical industry 
might become fully cognizant of the work 
imdertaken and at the same time be givon 
a clear picture of just what it was con¬ 
templated to include in such tost codes, 
the standards committee rooommcnderl 1o 
the board of directors that the ''Test C VmIo 
for Transformers” be made available to 
industry as a pamphlet published under 
the auspices of the electrical 'maehinory 
committee. This suggestion was ap¬ 
proved at the directors’ August meeting, 
and the work of publication is now under 
way. Notice of the availability of the 
pamphlet will appear in a later issue of 
Elbctrioal Enqinbering. 


Engineering 

FonnJaiion 


Bequest of 
Edwin H. McHenry 

United Engineering Trustees, Inc., 
has been made residuary legatee of the 
estate of Edwin H. McHenry of Ardmore, 
Pa. The estate is believed to amount to 
$225,090. Mr* McHenry died Aug^ust 
21, 1931. He was a member of the 
American Sooiety^ of CJivil" Engineers. 
At one time he was re&iver of the North- 
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era Pacific Railway Company, and vioe- 
presideat of th New York New Haven 
& Hartford Railroad at the time when 
the eleotidflcatioa between New York 
and New Haven was undertaken; later 
he carried on a oonsnlting practise. 
DuiW his connection with the Northern 
Pacific Railway he was associated with 
the late Edward I>can Adams, through 
whose influence he made a amaU provision 
in his wiU for The Engineering Founda¬ 
tion. This he later changed to provide 
essentially that United Engineering 
Trust es, Inc. should receive the entire 
^estate after the death of four beneficiaries 
who are to feceiv© the Income of the 
estate during their lives. Upon their 
deoeas , the entire principal of the trust 
estate is to be conveyed absolutely in fee 
to United Engineering Trustees, Ine. for 
The Engineering Foundation. Mr. 
M Henry makes this fund for research a 
memorial to his wife, Blanche H. 
McHenry, who died some years ago. 


SlaunJaurJs 


S veral Projects 

R fcrred to New Committee 

During Jifiy, approval of the new elec¬ 
trical standards committee was obtained 
from the eleven organizations of which it 
’ •will be composed. This new committee 
supersedes the present electrical advisory 
committee of the American Standards 
Association, and will serve as a central 
‘agency in furthering the standardization 
work of the electrical industry. To this 
end all methods of procedure now recog¬ 
nised by. A.‘ A., as well as all powers 

for the formulation of standards, have 
beep concentrated- into one body, a new 
development initiated by the A. I. E. E. 
Resolutions transmitting it to A. S. A. 
were aJ)proved in January 1930 by the 
Institute's board of directors; steps are 
now under way for consolidating the work 
of the new committee with that of the 
U. S. national conamittee of the Inter¬ 
national Electrotechnical Commission. 
Detail d statement of tbia new develop** 
.inent in electrical standardization was 
included in the August 1931 issue of the 
Bulletin of the A. 3. A. which is obtain¬ 
able from P. G. Agnew, secretary, A. S. A., 
29 West 39th Street, New York, N. Y. 

At the July 23rd meeting of the 
A. I. Ei E. standards committee, action 
was t^en recommending that several 
stand^ds projects Be referred to the new 
committee for disposition. These aotions, 
subsequently eonftrmed by the board of 
direetojs, tTerg: 
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1. Report No. 16. Railway Oontrol Appara* 
tus. This is a proposed reWsion of the present 
Institute and American standard on the aamA 
subject. 

2. Standard N . 18. Transformers. Induc¬ 
tion Regulators and Reactors. This is an 
Institute standard only, and reference was 
accompanied by suggested revisioDa. 

3. Pamphlet No. 100. Recommendatloss for 
the Operation of Transformers. 

4. Sizty-cyde Test Voltage for Transform¬ 
ers. This matter has been before the electrical 
machinery committee and there is a differ^ 
ence of opinion regarding its proper disposition. 

5. Standard No. 12. Ck>D8tant-Ouir6nt 
Transformers, an A. I. B. B. standard since 
May 1930. 

6. Report No. 18, Capadtors. Since May 
1930 this has been a report on a propoted 
standard. 


American Standards 
for Wood Poles Approved 

For some time a sectional committee 
under the sponsorship of the telephone 
group of the American Standards Associa¬ 
tion and representing 23 organizations in¬ 
cluding the A. I. Ei E., has been at work 
on the development of standards for 
wood poles. Already eight such standards 
have received tlie approval of the A. S. A., 
each standard covering ten classes of 
poles. These standards are available in 
four pamphlets dealing resjieotively with 
dimensions and specifications of (1) 
northern white cedar poles, (2) western 
red cedar poles, (3) chestnut poles, and 
(4) southern pine poles. These pam¬ 
phlets are available at 20 cents per copy 
from the American Standards Assooiation, 
29 West 39th Street, New York, N. Y. 


Relay Sfaiidards 
Report Available 

A pamphlet, “Report on Standards for 
Relays*^ (A. L B. E. standards report 
No. 23) is now available for suggestion 
and criticism. This report was prepared 
by a subcommittee of the A. I. B. E. 
standards committee under the chairman¬ 
ship of George Sutherland of the Now 
York & Queens Electric light and Power 
Company; copies may be obtained free of 
charge from H. E. Farrer^ secretary, 
'Standards Committee, A. I. B. B., 33 
West 39th Street, ^ew York, N. Y. 

The report dei^ •with relays and relay¬ 
ing devices for the protection and oontrol 
of apparatus and circuits for the genera¬ 
tion, transmission, conversion, distri¬ 
bution and utilization of electric power. 
It do^ not include telephone, telegraph, 
traffic signal , relays, or similar devices. 
The subjMts ooverod are: service condi¬ 
tions^ dehmtiohsy ratbi^gs, heating, limi¬ 
tations other than heating, dielec^o tests. 


New Standard Reguiationa 
for Si^naiins Systems 

On recommendation of the National 
Fire Protection Association’s committee 
on signaling systems, the regulations on 
protective signaling systems have been 
re^vised and divided into two separate 
pamphlets. The new regulations became 
effective September 15, 1931, displacing 
the former regulations on protective, 
signaling systems, edition of 1929. The 
new pamphlets cover regulations for the 
installation, maintenanee, and use of 
“Proprietary Auxiliary and Local Sys¬ 
tems for Watchman, Fire Alarm, and 
Supervisory Service,” and “Central Sta¬ 
tion Protective Signaling Systems for 
Watchman, Fire Alarm, and Supervisory 
Service.” For further information and 
copies of pamphlets, address National 
Board of Fire Underwriters, 85 John 
Street, New York, N. Y. 


Safety Code for 
Coal Mine Transportation 

A safety code covering all phases of 
coal mine transportation recently has 
been approved by the American Standards 
Association as recommended American 
practise. The code deal^ with transpor* 
tation on level and inclined tracks both 
underground and in mine yards; also 
haulage by motors, animals, or men. 
Complete systems of signals and safety 
rules are included. This work carried on 
under the sponsorship of the American 
Mining Congress has been in progress 
since 1924. Orders for the code may be 
placed with the American Standards 
Assooiation, 29 West 39th Street, New 
York, N. Y. 


New National Safety 
Code for Elevators 

A new national safety code for elevo- 
.tors, dumbwaiters and escalators, recently 
been approved by the American 
Standards Assooiation. Developed under 
the sponsorship of the American Society 
of Mechanioal Engineers, the American 
Institute of Architects and the U. S. 
Bureau of Standards, the re-vised code 
represents the result of nearly four years 
of research. For the first time, the code 
permits the oi)eration of more than one 
elevator in a single shaft and also, pro¬ 
vides for two-story oars serving two floors 
simultaneously. All communications 
relative to the code should be adduced 
to the American Standards Association, 
^ West 39tj;i Street, New Yoik. N. Y. 
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£mploYiiieiif TVotes 

Of iLe En 0 iaeerin 0 Societies Employntont Service 


T^?8ocl in maniifacturiog methfids. developmoab» 
and cost reduction studies. Specialist in auto¬ 
matic control of processes, also general plant 
generation, transmission, distribution. Now 
enmloyed. Accept position home or abroad 


Position 

Available 

SALSS BNGINSER. 21 or 22. unmarried, to 
act as offloe endear and secretary with manu¬ 
facturers' agents sales office selling transmls^n 
and higb-tensloxi eauipment for the New ESn- 
gkmdStetes, Api^ by letter giving complete 
^formation as to ^st experience, references and 
salary expected. Location, Bo^n, W-3080. 


M n 

Available 

TEOHNIOAL OBADUATB, 21. B. 8.^ In 
E. E„ 1931. Interested primarily in position 
offering stability, opportunity. Licensed broad¬ 
cast class radio operator; two years' experience, 
operation and maintenance at 3-kw. station and 
general radio communication work. Prefers 
radio, tel^hone communioation fields with work 
in laboratory, engineering department. ^.Loca¬ 
tion. immateriaT Available ijnmediately. 
0-9726. 

ELEOTBIOAL ENGINEER. technical 
graduate, G. B. Test. Over 18 years' exp^ence. 
mduding electrical manufacture; railway con- 
stnicticou valuation and maintenance: power 
line construction and steam railroad eleetrifloa- 
tion. Desires position with company doing 
sultation and construction engineering or with 
operating company. B-7456. 

GBADUATB BNGINBER. 22. single. R S. 
in B. B,. 1931. TVo years’ experience '^th 
public utilities in distribution and grounding 
work. Location. Immaterial. 0-9739. 

BLBOTRIOAIi-OIVIL ENGINEER. 27, 
married, university g^uate. Desires position 
anywhere with pubUc utility or contractor. 
Three years as sales and service engln^r for 
electrical machinery manufacturer, spedal itin g 
in synchronous e<iuipnimit. One year as elec¬ 
trician on station construction. Two years 
varied dvU engineer!^. Induding conmressed 
. air and ro6k-tunnel construction. 0-4885. 

ELEOTBIOAL AND CHEMICAL ENGI¬ 
NEER, 48, A. B. and B. S., executive experiemM 
in maaTtfncturing and research; also puwic 
rdations. Very suocessfnl in combating ad¬ 
verse publicity. Considerable ^peri^oe in 
study of toxic gases. Available immediately. 
B-200. 

COLLEGE GRADUATE, 23, sbiale. B. S. In 
E.B^^l9ai. Desires work. BesT^references. 

GBADUATB ELEOTBIOAL ENGINEER, 
22, single, Lehigh, Uffivetsity, ,1980. Nine 
months' experience In the dent department of 
the American Tdephone and Tdegi^h Com¬ 
pany. Desires position with manmacturinx 
concern or public utUity. Beferences furnished 
on request. Location, ImmateriaL 0-0748. 

PATENT ATTORNEY, 37, mechanical 
eleotrical engineer, independent reliable workw. 
broad, domestic, foreign experience acquired to 
resMTch, industikd teaching, sponsible 
neerlng positions, live years with corporation 
patent department, now almost three years '^th 
b^e patent law firm, versed in fordgn 1^ 
guages. growing c^tde, desires connection with 
dm, attorney seeltlng competent intelligent 
coopemtion. References available. 0-9762, 

BELAY AND OOITOROL ENGINEER, 30. 
gc^uate McGill, location, Canada. Bxperi- 
eoe^ planning protective circuits, automatic 
and supervisory controls. FamlUar with OQuip- 
m^t^eneratixm stations, use of laterato^ 
facilities and engtneering methods. ^ Ex¬ 
perienced on commimication, aiin;>Mer8, photo- 
dectric cw and maintenance of highest 
Standards to associated circuits. Proven 
ability to personal contact. 0-4668. 

: DESIGN ENGINEER. 27, technical gradu- 

te, 7 yea^ eanMeuCd. Desires position with 
nianto!actirfng“r% Experien<» ccvare; power 
station ande33Station design, i^uction de^ 
of ra^ accessories. maCtone and tool, cemented 
tungsten-carbide development, power _and 
oonveyor equipment - of - nitiate pumt. CKiod 


theoretical and practical backgroimd. Loca¬ 
tion, East. Available at once. 0-4382. 

GRADUATE ELBOTRIOAL ENGINEER, 
33. married, B. S. to E. E. Eight years* exi^l- 
ence in enghieering work. Supervising deslgm 
and construction of plant distribution economic 
studies and cost estimating, public utility. Also 
sales engtneering and contact work for manu¬ 
facturing concern. Desires position jrith n^u- 
flacturer, industrial concern or public utility. 
Location. United States. B-5858. 

.ELBOTRIOAL DESIGNER, 38, married. 
Fourteen years* public utility experience, five 
different corporations, power plant, switmitog 
station, sub^tion, bom indoor tmd outoTOr^. 
Desi^ connection wltii public utility or indus¬ 
trial orgcanlzation. Available now. Location 
preferred. East. 0-8490. 

ELBOTRIOAL BNGINBER. graduate 
Georgia Tech., 1980, cooperative plan. We^ 
toghouse Itohting courses. Oooperative work, 
alternate months, five years in substt^wi n^- 
tenance and office engineering. Rebuilding 
transformers, switches, ightning arresters, work 
with electric furnaces, rectifiers, meto, motors, 
etc. Checking and mapping distribution sys¬ 
tems. work orders, drmtlng, etc. fibccell^t 
references. Perfect health. Location, im¬ 
material. 0-7847. 

GRADUATE ELBOTRIOAL ENGINEER, 
38, married. Sixteen years’ experience to dec- 
trical en^xeering work. Oentral station design 
and spe^^tion. Light, power ai^ eted sys¬ 
tems for commercial and industrial buildtogs. 
Investigations, reports, design, layout, roeclfica- 
tions, construction, inspection., Desi^ per¬ 
manent position as electrictti engines with good 
opportunities for advancemrait. Oonneeticut 
or New York. B-1797. 

ELEOTBIOAL ENGINEER. SI. married, 
no children. B. S. degree In 1923. worhtog knowl¬ 
edge of Spanish. Over seven yewtf vi^od 
experience m planning, estimating, construction 
and operation of distribution and transmisrion 
systenm. Location, immaterial. Available at 
once. 0-9711. 

ELBOTRIOAL BNGXNEEB. 82, marriecL 
Wisconsin graduate, construction, shop and 
seven yearw power plant design experience. 
Available on short notice. 0-9797. 

EYBOUTIVE ENGINEER. 40. graduate 
engineer, with ability to supervise and to create 
good-will and increase business through ,con- 
toettog and publicity. Would be valuable to 
electrical organization or organization serring 
the electricaf Industry. Has wide knowledge of 
industries and large acquaintance with engi¬ 
neers, 0-9067. 

ELBOTRIO PURNAOE PLANT MANA¬ 
GER, mechanical engineer, abrasive and 
refractory experience. Engineering executive 
and designer. Expert to fiuid flows and heat 
transfer problems. Analytical and Inventive 
abfllly- Opportunity to secure mmerianced 
manager for small or branch plant. B-7972. 

HYDROELBOTBIO ENGINBEE. 47. 
tingle. Degrae Ph. B. In E. E., two years U. S. 
en^eer. Ten years utility service as depart¬ 
ment manager, superintendent and chief engi¬ 
neer. Ten years Westinghouse industrial 
manager; flve years tiectric dredging Alatica. 
Reports. Central America. Bhn^rt manager 
Westinghouse two years. AvailaSle to go any¬ 
where. B-6910. 

ELEOTBIOi^BNGINEEB, M, ms^ed, 


B, . 

years motor 
pubUc 


ment. 


MEOHANIOAL-ELEOTRIOAL ENGI¬ 
NEER, 38, married. Graduate of recognized 
An giii AAHng school. Experienced in power 
generation. Five years teaching electrical and 
iTiftfthn.nifia.1 engineering. Heat power and 
specialty. Hi^-voltage test. Extensive water 
gas research. Division engiueor of water gas 
and coke ovens. Desires counoctlon in teaching, 
public utility or industrial fields. Available 
toimediately. 0-9776. 

ELEOTBIOAL BNGINBER, 33. married, 
B. S. to E. E. Ten years’ experience as engi¬ 
neer with utility company. Familiar with 
design of lines and stations; accounting set-ups; 
execnitive duties and powers: modern business 
practise and now studsring corporation law 
Av^ableatonce. 0-4784. 

ELEOTBIOAL ENGINEER, 22. tinglo, 
B. E. E. degree, 1931. Three years with Boston 
Edison Company, maintenance department on 
cooperative course. Temporarily employed 
last summer repairing Frimdrire cabinets for 
an ice cream company. Do^es position offering 
soma contact with engineering work. Location, 
anywhere. Available on two weeks’ notice. 
0-9418. 

GRADUATE ELBOTRIOAL ENGINEER. 
27, single. Seven years' experience in super- 
ymng and lairing out of electrical construction 
work to various mdustrial plants and buildings. 
Desires petition as superintendent or electrical 
Aw gtnAor wllh a contracting or industrial firm 
or municipsffity. Available at once. 0-9563. 

ELEOTBIOAL FOREMAN. 31. broad ex¬ 
perience to power plant and factory construction. 
itiiLiTitona.nnft and operation. Exceptional ability 
in the erection and wiring of switchboards, power 
plant auxiUarles. oil circuit breakers and high- 
voltage substations. Avallablo immodiatoly. 
a97&. 


years G.E. Test, tieven 
seven yesus wilh. 


wvuit. 

Special 

equip* 


ENGINEERING DRAFTSMAN, 26, stogie. 
2 years unlvertity training, 3 years* experience 
on power transmission lines, ttiti;>hone work, 
and water respurcen One yey's experien^ as 
field aid. Available now. go anywhere. 
<>7118. 

PLANNING ENGINEER. 31. Ten years* 
tiectrical-meihaah^ eroerieuGe. Oomprehw- 
eive knowledge coil, toansformer, industrial 
meters and precision instrument design. Well 


BEOBNT GRADUATE, age 2^ single, 
etttzen. good health, Protestant, B. £. E. degree, 
drafting and clerical exporionce, organization 
work. 'Would like to locate with a firm dealing 
Ttito fllumtnation of radio. Location, East. 
09766. 

ELEOTBIOAL ENGINEERING GRADU¬ 
ATE, Columbia, 1931. Slx-yoar man, single. 
Desixes i>otition with public utility or manu¬ 
facturing oonoeru. Studied especially power 
fitid, ra^oadlng and business adiuimstration. 
Experienced on automotive engines. Has acted 
as laboratory assistant in tiementary E. B. 
courses. lismguages: German and Spanish, 
liocation, immatenal. Available immediately. 
09788. 

RESEARCH PHYSICIST, 39. fh. D.. flve 
years with Westinghouse on radio, idevition, 
sound recording and reproduction, four years 
bureau of standards and other government 
bureaus on optical design, htmt engineering, also 
refrigeration experience, four yetirs’ teaching in 
prominent enctoccring schools, seeks mspontibl 
position in research or design. 02688. 

ELECTRICAL ENGINEER. 22, B. S.-E. E., 
1930. Desires connection with publi utility, 
electrical or radio manufacturing company. 
General Electric test en>erieDoe. Six months' 
work with vacuum tubes. Experience with 
large motors. Location, immaterial. 09806. 

WIRING DIAGRAM SPECIALIST: 43, 
maitied, technical education, desires petition 
with public utility. Understands cooperation 
necessary between office and field forces to 
connection with wirings. Familiar wltii power¬ 
house and substation layouts, conduit plans, 
bus structures, switchboards. Experienced to 
drafting and Its application to field work, lioca- 
tion prtierred Bast or South. 08436. 

ELEOTBIOAL ENGINEER, 36. tingle, 
B. E. degree. Desires position with public 
utilily or en^eerlng concern requiri^ exocn- 
tiV6 abfiity and an analytical mind. Fourteen 
years' experience covering engineering, design 
and valuation of i)ower plants, substations, 
transmission and distributions systems. AvaJl-^ 
able immediately. IiOcatlon. East. 09570. 

1931 GBADUATB of five-year cooperative 
school in electrical engineering. B. E. degree, 
age 2$. single. Cooperative experience includes 
machine tiiop practise, telephone central office 
trouble shooting and experienco with large 
municipal fixe alarm system. Desires position 
with xnanufacturiDg concern or public utility. 
WllUng to start at bottom. Location. Middle- 
west. pr^erred, but edsewhore satisfactory. 
0*9825. 

ELEOTBIOAL ENGINEER, 29. tingle 
unlvertily graduate, Norwegian, now located 
to Canada. Five years' poactical experience on 
drafttog. detigntog, ^eolation, matotenance 
and testing fOr electrical Machinery ami equip¬ 
ment, sitostations, power traosmistionti ntunici- 
pal and industrial distribution, location, 
fnimaterlal. Available on short notice. 0-9822. 
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ELEOTRIOAL ENOINEER. 32, oiarried, 

B, S. fai B. E., graduate G, E. Test wurse, 3 J 
years’ practical experieuce U^t and power ] 
wiring. 8 years draftu». Insj^tlon, and Installa¬ 
tion of bank burglaraiarm equipment. Desires j 
Patton with electrical contracting company or 1 
hftTiTf buri^arUlai*m company. B-8209. 

technical graduate in mechanical 
and electriod engineering,, D^rw position m 
assistant ^es engineer in electrical or mechanl- ^ 
cal equipment. Age 32, single, ^dth ten 
exp^ence in electrical and mechanical design 
and sales. Available at once. 0-4610. 

1031 GRADUATE ELEOTRIOAL ENGI¬ 
NEER. 29,3 years’ cooperative experience ^th 
large eastern public utility, single now. mamed 
when permanent position obtained. Dwlres 
position with utiUty. manufacturer or contrac¬ 
tor. 0-9834. 

ELECTRICAL ENGINEER,^ 24, single, 
Iowa State College. 1931. Experi^ce limited. 
Desires employment with public utility or manu¬ 
facturing concern* Salary secondary to oppoiv 
tonity. Available at once. Location an 3 rwliore 
in the UniM States. 0-9827. 

ELECTRICAL ENGINEER. 30. married, 

B. S. in M. E. 1924, one year instructor of 
drawing and descriptive geometry in unlve^ty. 
Six years design, consfcnictlon or power plants, 
power substations, m i n i ng substation^ Six 
months Westlnghoiise Test Course, Desires 
position as professor, 

trical construction in imiverslty, technical school. 
Location, secondary. 0-6734. 

PRODUCTION OR BPPIOIENOY ENGI¬ 
NEER, 26, B. E. graduate. 1920. Bustne^ ad¬ 
ministration. G. E. Test. Machine experience, 
turret lathes, boring ^Is. drUls, millers, ete., 
automobile Industry. Thoroughly famijjar^bo 
rolling mill operations and P«»cesM^pi8teibu- 
tion engineeiwg, a-c. networks, electeic utility. 
Private generawg plants, s^ditf 
on oostof petiremoat. Any location. 0-9820. 

GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with years* experience In indus- 
tflal plant construction and malntenanco; 
railway electrification; power plant des^ 
estimating, and construction. 
experience on construction and mh 

con^kCtor. Doslros position with utlUi-y* 
manufacturer or contractor, where ability to 
fin-Ti riiA labor and produce results is a prerequi¬ 
site. C-4428. 

GRADUATE ELECTRICAL ENGINEER, 
University of Wisconsin. 32, single. Three 
years Westinghouse Teat. . Seven years super¬ 
vising power plant, substation t ran s mi sson line 
construction. ElAt years engineer^ inspector 
Durchasing, expediting, resident engineca*, and 
writing spednSuons. Exedi^t reference. 
Desires connection with holding wmpany. 
utility, contractor or manufact^r. Av^blo 
immemately. Location, immaterial. B-0661. 

ELECTRICAL ENGINEERING ASSIS; 

T ANT. 20. married, college gradxiate. four 
transuo^i^on and <iiatrlbutwn experience vilh 

Unit^ States mcatlon. C-6511. 

GRADUATE ELECTRICAL BNGIiraBR. 
1930, single. One year’s exp^ence on tes^ 
design development of smidl fractional and 
integnd horseiibwer motors, previous 
eu^^th public utUitles. Now emplqj^. 
Position mnst be permanent and promise a 
future. Location a secondary factor. 0-9690. 

DESIGNING ENGINEER, 33. American, 
education, married, amerience mth 
industrial, mining and 

on power plants, steam and Diesd installation^ 
slW auxillariee. air conditioning and 
ventflatmg systems, automatic ^iroy sul^ 
stations, ouWoor subst^ons. 
sition eqdpment, knowledge of steel, ^d 
concreteTcan handle men. Location, immaterial. 
0-9849. 

• ELECTRICAL ENGINEER, 1930 ffladu- 
ate, 23. slni^ Pourteen months 
Electric Test. Experience in auto^tic swl^- 
gear: circuit breakers; railroad motors, cont^l. 


MECHANICAL AND ELECTRICAL 
ENGINEER, research, development, reports, 
physical teats of materials, metallosniipb^ 
X-ray analysis. Languages: French and 


gSS«.. A^ble Location 

immateiial. C-6004. 

GRADUATE ELEOTRIOAL ENGINEER 
1929, 23, single; 15 months on G. E. Test 
Course, Desires position with utility or m^- 
ufacturing company or with concern doi^ 
consulting or construction engineering. Aya% 
able immediately. Location, New En^and 
preferred. 0-8028. 

ELECTRICAL ENGINEER, college mdu- 
ate, age 23, married. Considerable experience 
in service and testing of fractional horsep<wer 
motors. Laboratory assistant and construMlon 


irnSS^! ENGINEER, 42, married; B. S. B. B. B. B.E. D^ 
• manu- Broad experience covering business, plant, s^m inon^s exp 
SSS«Strexecutivo engneering; research; 
whore drafting; patent Investlga^ns; orrai^tion 

^ and coordination of departmente; asatejant to 

S axocutlves; group engineerii^ leadership, Middlewest 

and n^ufacture ^d ij;t,wnTR 

nent. One employer sixteen years. hijJiiUin 

versity. Traveled extensively on business United States 
planj. andabroad. 0-9801. 

DeshM INDUSTRIAL ELECTRICAL BNGI- enco wito 

n deS NEERING GRADUATE, 1931. Pratt Instl- 

tuto. 23. single. Additional course taken in t^e work, 
school, Pour years’ eroerience; power New York i 

and fighting installation; sorvidng motors and ™vciTn 

ENGI- contim equipment. Some mechanical experi- PHYSIO 

See. D^es position with utiUty tompany; rad 

erience. concern doing consulting or instruction OTrf- position In e 
re. etc., necring or related work with manufacturing niTirnTT; 

concern. 0-9856. 192^^ 

ntilRv* DISTRIBUTION SUPERINTENDED, 31. nwrled 

iti^^ 46, stogie. Graduate civil erngtooering. Two 
yownfansmiarion Itoe surveying. Pou** 
designing overhead Unes. nu^al oxtensiMs. con- pargr m 
NEER, vormon from 2,300 to 4,000 volte. One yew 
a todiw«^ designing complete distribution systems in 

fiwSarimertci. Oiiu year rapatotondrat Tliiemploye 

design, operating compimy. Fiu^t Spanish, some rmAnti 

er^Boi^ BtenchTaerman, Italian. 0-2496. tuto of T« 

litmy ELECTRICAL ENGINEER,^ technical immo(^tri: 

to graduate, 31, married, desires position to elec- line o 

remaui- tolcal engineering field. Five y^’ experience tion, Immai 

In plant and substation co^niction, operation, mEOH^I 

maSntenance and repairs; ENGINES 

NEER, motor and c^trlfu^ pump Doctor, Gt 

Three maintenance; Infection ^ connected 

8 su]^ Location preforred, eastern Unit^ states, offl< 

son Itoe 0-6273. description 

ISrtSS posi^m 

age 27. married. Has over two and one-half 
years’ iiidStrial testing expe^nce. particularly ELECT 

JtoSKSc ff^tof and controlTalso civil engtaeetlng and wgg mad 

n.nnAi sunervisory oxDsrlenco. Not afram of respond B. BJ. B. d< 


planning engineer for utilities. Desii-^ <»nn^- 
tion Airith utiUty or manufactiurer. Location 
immaterial. 0-9814. 

ELEOTRIOAL ENGINEER. 23, B. 8. to 
E. E., University of New Hampshire, 1930. 
Fourteen months G. E. Test and general cours^ 
Test experience to transportation, motors ^d 
generators and vacuum tubes. Nino montns 
summer work in main line electric railway shops. 
Interested in any en^eering work. Available 
short notice. 0-9859. 

ELECTRICAL ENGINEER. tec^cal 
graduate, American, age 29, n^ri^. Three 
years power test with G. B. wid utility company. 
Three years research and development on 
electriem equipment. More Interested in 
permanent toimecrton with reliable conc^ 
ghfhn high starting salary. Easteni location 
preferrw. Avafiwle immediately. 0-1017. 

GRADUATE ELECTRICAL ENGINEER. 
B. B. E. Degree 1930, age 24, single, l^urtoen 
montiis’ experience in the layout and estimation 
of imdorground network to a large city. Three 
months substation maintenance. Desiree trans¬ 
mission line or distribution system work. 
Middlewest preferred. 0-9860. 

ELECTRICAL ENGINEER, 21. single; 
1931 graduate with B. S. in E. E. Mem^r of 
honorary fraternity to college and won scholar¬ 
ship three a>n8ecutiv6 years. SummOT mqc^erl- 
enco with public utility. Interested to any 
riectrical en^eeri^ field including varoum 
tube work. Available at once. Loc^on, 
New York preferred but not essential. 0-9467. 

PHYSICIST, 40, married; experienced to 
X-ray, radium and togh frequency, desires 
potion in electrical research. 0-8604. 

ELEOTRIOAL ENGINEER, graduate, 
1929, cooperative school, American, Protestent, 
31. married. Tliree years design, engineering, 
aunraisal. Six years electrical construction, 


ELECTRICAL ENGINEER, age 32, mar¬ 
ried. Six years* experience with large mpu- 
factorer, on testing; d^gn of ma^itoM, 
generu and application engineering and sales 
on power generation »a^^ti»ii8mlssion eq^ 
ment. Three years experience consulting and 


iimior engineer or to researdi laboratory, will 
go anywhere. United States. Available now. 
Unemployed. 0-9861. 

GRADUATE ENGINEER, Stevens Insti¬ 
tute of Technology, 1931., stogie. 22. avatoble 
immediately. D&res potion in any tiectoical 
line with opportunity for advancement. Loca¬ 
tion, inunateri^. 0-9478. 

MECHANICAL AND ELBOTBIOAL 
ENGINEER, married; de^«e3 here, 
Doctor. Germany for research. Fifteen years 
connected and in charge purchasing, sales pd 
export office handUng materials ^ery pojamble 
dScription in large amounte. "VJ^ide toisto^ 
expertonce. Linguist. 
position outside those mentioned. 0-7823. 

ELEOTRIOAL ENGINEER. 26. sl^e, 
1928 gmduate of recognized ^versity wim 

2i^;SsSS=K5SS’ 

railroad, one year public utility t^t experience, 
one year conunnnlcation and ramo eigperieiM^. 
Desires engineering portion. Free to locate 
anywhere. 0-9112. 

GRADUATE ELEOTRIOAL ENGINEER. 
M. 8. in E. B., 1931 from Massachusetts Insti¬ 
tute of Technology majoring In communications. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Post St. 

San Francisco 
N. D. Cook. Manager 


205 West Wacker Drive 
Ohicago 

L. E. Griffith. Manager 


31 West 89th St. 
New York 

W. y. Brown, Manager 
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M aintained by the national socie¬ 
ties of civil, mining, mechanical, and 
electrical engineers, to cooperation with 
the Western Society of Engineers, Ohicago, 
and the Engineers’ Club of San Francisco, 
An inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available.— Brief announcements 
will be published without charge: repeated 
only upon spectfle request and after one 
month’s intervaL Names and records 
remain on file for three months; renewable 
uponrequest. Send announcements direct 
to Employment Sendee, 31 West 39th 
Street, New York. N. Y.. to arrive not later 
the fifteenth of the month. 


Opportunities.— A weekly bulletin of 
engineering positions open is available to 
members of the cooperating sorieties at a 
subseription of 33 per quarter or glO per 
payable to advance. 

Voluntary ContribuUons. —^Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 80 days after place¬ 
ment on the basis of 1.6 per cent of the 
first year’s salary. 

Answers t o A n n o u n c e m o n t a.— 

Address the key number Indicated to 
each case and mall to the New York office, 
with an extra two-cent stamp endosed 
for forwarding. 



















liiKtriw With oloctrical company or as 

^ ol<iCtri<aa ouglncoring. physics or 
^'*^“‘*’*'*^^* *^w»^mcr expurieti^ with tole* 
/company. Available iauncdlately. lio- 
caMou nuuiuLerlta. Ago 23. 0-90747 

'A'lCOnNIOAL GRADUATE, B. Sc. lu 
K. 1*.. from a uiidwcstorii University, dosirea 
jH'rnianeiit cNmnectioii vritli chanco for advance- 
uicnt. Ago 2(5. Ijocal.loii immatorJuL Avail¬ 
able iinnu^liatoly. 0-9717. 

J'iLlfiOTKlCJAIj ENCaNTCER, 1930, single, 
grjiclual'O 1 ratvti IiistiLiito. Desires position 
in any oloct.rical lino wltii opportunity^^ ad- 
vancomoiit. Hus liad olc(;trIca1 and mechanical 
eiiKitieoring niul drafting experlenco. Location 
iminuCorlul. Available innntxllaioly. 0-8380. 

II ENGllsrJSEU, 1924 graduate, 

If. S. It. It.. 29, iiiarnccl. Seven years* experi- 
luicn ii^stlng. Inspecting, fnslallitig various eloc- 
trhxil etpiipiiumb. Writing reports. Assistant 
to manager power and light utility. Purchasing 
electrcsil supplies. AvaiJablo immediately. 
Det4ii1eit in for Illation, roforonees gladly fur- 
nistirHl. WeU'tvnies opportunity particularly In 
oiMinitliig, inahU4>iianco department, public 
utility or niaiinructurlng concern. 0-4981. 

SALKS K.\ KCUTIVE. Not afriUd to work, 
not (410 olfi to acquire now kloas. Electrical 
(ruining. Worci'ster Polyb^chnio Institute. 
Suveii yours dliHtcting eiiginooring sales and sales 
through disti‘il)iiti>ra. Capable of contacting 


M 


embei*s;nip 


Applications 
for Election 


indus^al or electrical field with either an 
e^trical or mechanical product. Industriotis, 
with d pendent, ready to go to work. 0-5481. 

_ ELEOTRIOAL ENGINEER, 1928 graduate. 
Tlu^ years* experience in lai^e industnal plant 
on maintenance and operation of all kinds of 
rnotom, switchboards, electric heating, pinrom- 
etors, regulators and transformers, both 
thoorotical and practical. Desires any electrical 
position. 0-9845. 

'TECHNICAL GRADUATE. 38. married; 
desires position In engineering or operating 
department of power company. Has bad 11M 
years* experience with dismbution engineer and 
operating and construction departiuents of 


public utility: 1^ years test; and 3 yews shop 
experience. Location immaterial. B-9248. 

ELECTRICAL DESIGN ENGINEER, 25 
years* experience with public utilities, industrial 
coL^anies, steam, hydroelectric power plants, 
H.T. indoor and outdoor substations, copper 
and nitrate mintna plants. layouts, specmca- 
tmns. piurchase of equipment, able to take 
charge, seeks position of responsibility. New 
York State professional englnem‘*a license. 
B-703I. 

^1931 GRADUATE, North Carolina State 
College. B. S. in E. E., 25. Would take position 
of any type that offers ad-rancement. Member 
of Tau Beta Pi and Phi Kappa Phi. Willing 
to go anywhere. 0-9865. 


ApplicatioiiK liavo been received by the soc- 
retary from the fnllowing candidates for election 
r.n inninlierstiin in the liisMInito. Unless other¬ 
wise liirlicabMl, tile applicant lias applied for 
adrnlSHion as an A8Hocial.u. if the applicant lias 
applied for direct adtulHKion to a grade higher 
than AKKOclato, tlio grade* follows immediately 
afic*r the ntune. Any member objecting to the 
el4*(ttjon of any of tlioHe candidates should so 
inforin the Sccrolnry before Oclobor 31, 1931. 


Bennett, D. S., Worcester Electric Light Oo., 
Worcester, Mass. 

Bibish, J. E., Iiibbey Owens Ford Glass Oo., 
Toledo, Ohio - 

Burch, W., Carolina Power & Light Oo., 
Raleigh, K. O. 

Craton, P. H., General Electric Co., Brie, Pa. 

Davies. L. S.. Provincial Mental Hospital, 
Essoudalo. B. C., OaniMla 

Dubielzig, R. O., 3361 N. 24th St., Milwaukee, 
Wis. 

Ellis. O. R. (Member) Electsric Bond St Share 
Co,, New York, N. Y. 


Ooodenoug^ F. J.. Amalgamated Electric 
Oorp.,T ronto, Canada 

Gove, H. E., Union Electric Light & Power Oo., 
St. Louis, Mo. 

Harrington, N. P., R. W. Cramor Sc Co.. New 
York. k. Y. 

Hart. J. W., Electric Bond & Share Oo., New 
^ork, N. Y. 

Hogan, J. P. (Member) Parsons, Klapp, 
Brinckerhoff Sc Doi^las, Euggs. Sc Man¬ 
agers, New York Oll^, N. Y. 

lanantuono, Michael, 150 Sullivan St.. New 
York, N. Y. 

Jordan, R. L.. University of Illinois, Urbana, III. 

Earlsson. E. E.. Associated Telephone Oo., Ltd., 
Los Angeles, Calif, 

Kelley E. A., Orocker-Whoeler Oo., Ampere, 

jl j • 

Kron, J., 144-30 83tii Ave., Flushing, N. Y. 

Laiho, J. M., 34 Remsen St.. Brooklyn, N. Y, 

Laughlin, O. W., American Tel. Sc Tel. Ckf., ' 
Blansas Oity, Mo. 

Lob^ O., Kansas Oity Power Sc Light Oo., 
E^nsas Oity, Mo. 

Murphy. L. J., Westinghouse Elec. Sc Mfg. Co., 
New York, N. Y. 

Nioolaisen, J. Z., Beaiiharnois Construction Oo.. 
Beauhamois, Quo., Con. 

Novotny, F, J„ International Tol. & Tel. Co., 
New York. N. Y. 

0*Belrne, F. H. O., Canadian Utilities. Ltd., 
Yorkton, Sosk., Can. 

Saxe, J., Electric Oo. of Oosta Rica. Cartago, 
Costa Rica, OentnU America 

Speckmann, F. William, Jr., 312 Gi-uvo St., 
Newark, N. J. 

Tamburello, G.. 307 West 20th 8t.,,Ni>w VTork, 
N. Y. 

Van Brunt, G. A, (Member) McGraw-Hill 
Publishing Oo.. New York, N. Y. 

Voras, P. J., New York Sc Queens Elec, Lt. Sc 
Pr. Oo., Flushing, N. Y. 

Wilson, I. H., General Electric Oo.. West Lynn, 
Mass. 

Woodford, L. G. (Member) American Tol. Sc 
Tel. Oo., Now York, N. Y. 

31 Domestic 


Foreign 

Dutta, S. K., Berlin Electric Supply Oorp., 
Berlin, Germany 

Ellis. D, W. V. (Member) Government of 
Northern Rhodesia, Ndola, No. Rhodesia, 
So. Africa 

Eanga, D. P., College of Technology, Man¬ 
chester, Eng. 

Ratnam, Y. S., Delhi Cloth Mills, Pclhi, India 
4 Foreign 
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Order Form for Pamphlet Copies of A. I. E. E. Papers* 


Papers presented prior to September 1931 and npon which articles in this Issue are based 


B 3I -14 G. M. Rcliriini and H. G. Wolst, Jr.Some Experiments with Arcs Between Metal Electrodes 

31 -ao W. J. McOlaiu.Electrical Distribution Systems for Industrial Plante 

Q 31 -43 M. A. Hyde, Jr.Synchronous Motor with Fhase-Ooimected Damper Winding for Hlgh-Torquo Ixiads 

□ 31-49 A. W. Hull and H. D. Brown.Mercury-Arc Rectifier Research 

n ;i0-dO W. R. icing.Electron Tubes in Industry 

□ 31-82 J), W. McLenogau and A. G. Ferrlss.Symdironous Motors—^Design and Application to Meat Special Requirements 

□ 31-70 IG. V. DeBUcaix.Losses in Transformers for Use with Mercury Arc Rectifiers 

0 31 -99 P. B. Juhnko.. Facilities of a Metropolitan Power System 

□ 31-104 H. N. Oonwoll. G. M. Keenan, O. F. Craig, and 

E. C. Briggs.Oommunicatton Sertvees of Electalc Utilities—Underlying Considerations 

0 31-111 E. S. Bundy.. in the Western Division of the Niagara Hudson System 

Q 31-113 O. A, Booker and M. B, Clark.Cooperative Study of Power System Communication 

0 31-110 E. O. Stewart.Oo mmimt cation on the Arkanms-Louislana- Mi s sis s lp pi Interconnected System 

O 31-132 J. Slopian and L. R. Ludwig.Backfires in Mercury Arc Rectifiers 

0 31M6 P. N. Wlnther..Electric Arc Welding in Bufiding Construction 

0 31M13 C. H. Prior...Telegraphic Pilot-Wire Rtiay System 

•Memboiw, Enrolled Students, and subscribe w Name.. 

entitled to one pamphlet copy of . 

list if requostod within one year from above ^te. 

Thereafter charge f twenty-five cents per copy 4drirfta« 

will obtain. ‘ ..... * * *.. * * *. 


AdiJress.......A., 


Please order papers by number. Address Ord r Department A. L B. B., 33 West S9th Street, New Tork, ff. V. * 
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New Books 


In the Societies Library 


i^^MONG tlio new books received at 
the Engineering’ Societies Library, New 
York, during August are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following ’outlines, information for 
which is taken from the preface or text 
of the book in question. 


BERECHNCJNG VON DKISHSTROM- 
liKAPTUBEHTRAGUNGEN. By O. Bur¬ 
ger, 2ad ed. Berlin, J. Springer, 1981. 
183 pp., Ulus., diagrs., charts, tables, 8x0 iti., 

cloth. 13.60 r. m.-A concise yet complete 

description of a practical method for the calcu- 
latyion of l.h(3 electrical characteristics of three- 
phiis(3 transinissioii systems of any capacity. 
’’I'he met-liod giv(ui is the outgrowth of many 
years of oxporiencL3 with the Si<5niuns-Schuckert 
Works. 

DIE BETRIEBSUNTERSUOHUNG WEGE 
UND FOl^MEN". By O. Brodt. Berlin, 
VDi Verlag, 1031. 60 pp., cliarts, tables, 

12x8 in., paper, 12 r. m.-Dr. Brodt dis- 

ciis.s(3s the development of nianagoment-resoarch 
in America and Europe and pnisents a detailed 
description of the jnotliotls used in hvo typical 
cases. VlKvso cas(>,s ani then crlticiz(id in detail, 
and the ellleaey of the metliods used is discussed. 
The general pdiiciples and methods of procedure 
. are tluui deiiionstrated by I’ofereiice to an 
investigation by the National Board of Econom¬ 
ics of Germany. Hie book shows the possi¬ 
bilities of management research and is a brkd 
compondiiini of methods. 

DIELEOTKIO CONSTANT AND MObEC- 
ULAU STRUCTURE. Armuican Chemical 
Society Monograph 55, By O. P. Smyth. 
N. V., Chemical Catalog Co., 1931. 214 pp., 

diagrs., charts, tables, 9 x (i in., cloth, S4.00.- 

The autlior has correlated and organized the 
known facts bearing upon the problems of 
electric moiijiont, molecular structure and in tor- 
molecular action, and uses thora in a critical 
examination of the theories and hypotheses in 
terms of whicli they ari5 interpreted. 

DRUOKWECHSEL UND STOSSE AN 
KOBbENMASOlIlNEN MIT SOHUBKUR- 
BELGETRIEBE. 1 v. Text and 1 t. Tables. 
By F. Kuba. Vienna, Julius Springer, 1931, 
09 pp., diagrs., tables, 14 x9 in., paper, IS 

r. m.-A tlKjorefcical investigation of the 

phenomena accompanying rtjversa!s of pressure 
in reciprocating engines. 9’he author develops 
a method of determining the relative velocity 
of the various phenomena, analyzes those 
plienoipcnia into special components and points 
out tlie eltect of changes in the conditions upon 
the relative magnitudes. 'J'he investigation 
aims to afford a sound basis for studying shocks 
in engine b(iarmgs, etc. A critical rovitw of 
previous publications on the subject is includcid. 

EOONOMIOa FOR ENGINEERS. By 
E. L. Bowers and R. H. Howntree. N. Y., 
McGraw-Hill Book Oo, ,1931. 490 pp., diagrs., 

charts, maps, tables, 9 x 6 in., cloth. $4.00.- 

This text-book on economics has been written 
to give engineering students a knowledge of 
economic principles and problems. The subject 
is presented very concisely, in order not to 
burden the curriculum unduly, and the engi- 
peoring aspects of economic theory and business 
activity are emphasized. A practical presenta¬ 
tion of the subject from an engineering point of 
view. 

ENGINEERING PROBLEMS MANUAL. 
By F. O. Dana and E. H. Willmarth. 2nd edit. 
N. Y., McGraw-Hill Book Oo., 1931. 252 pp., 

illus., diagrs., charts, tables, 8x5 in., $2.00.- 

This manual has been prepared primarily for 
use in the courses in ongineoring problems now 
given at* some colleges to train the beginner in 
proper habits, oFoctivo methods and syste¬ 
matic workmanship, and to correlate his courses 
in physics and mathematics with engineering. 
It contains »speciflqations for computation 
sheets, advice on habits ^of work and study, 
concise notes on fiuMamental principles and 
mathomalljics? three hundred practical problems 
and a coliection etf tables. The new edition has 
been revised and partly rewritten. 


LE PACTEUR DE PUISSANCE, DES 
INSTALLATIONS ELECTRIQUES INDUS- 
TRIELLES. By R Menjelou. Paris, Dunod, 
1931. 239 pp., illus., diagrs., charts, tables, 

10 X 0 in., cloth, 73 frs.-A systematic review 

of the power-factor problem. The effect of the 
power factor upon electric systems, the causes 
of a poor power factor and the methods by 
which it can be improved are discussed. 

^ DAS FERNSPREOHWESEN III. SAMM- 
LUNG GOSCHEN BD. 1043. By H. 
Schinidt. Berlin and Leipzig, Walter do 
Gruyter & Co., 1931. 139 pp., illus., chagrs., 

charts, 6x4 in., cloth, 1,80 r. m.--A brief 

(3lomentary description of the principles of 
automatic telephony, describing the design and 
operation of the various types of apparatus in 
use. 

FORSCHUNGSHEFT346. WARMSPANN- 
UNGEN IN GLEIOHDRUOKWARME- 
SPEICHERN. By E. Mayer. Berlin, VDI- 
Verlag, 1931. 23 pp., diagrs., charts, 12 x 9 

in., paper, 5 r. m.-This research report deals 

with ail oxperimoiital and (heorotical investi¬ 
gation of the heat stresses in steam accumulators 
of the constant pressure typo. The work was 
done at the Karlsrulie Technical University. 

TNHALTSVERZELOHNIS DER ZEIT- 
SOHRIFT DES VEREINES DEUTSCHER 
INGENIEURE, 1926-1930. Bd. 70-74, Berlin, 
VDI Verlag.; 1931. 138 pp., 12 x 8 in., paper, 8 
r. in.-''I'his index, covering the last five vol¬ 

umes of the “Zeitsclirift,” contains over 3,500 
entries to authors and subjects, and is an im¬ 
portant guide tn recent engineering develop¬ 
ments, especially to the work of Gorman 
<‘ngitieors. 

INTERNATIONAL CRITICAL TABLES 
OF NU MERICAL DATA, PHALSICS, CHEM¬ 
ISTRY AND TECHNOLOGY. INDEX v.1-7. 
By the National Research Council. N. Y., 
McGraw-Ilili Book Co. 1930. 43 pp., 11x9 

in., paper.——-An index to the complete sot, 
published in four languages, English, French, 
Oornian and Italian. 

MATERIALS OF CONSTRUCTION. By 
A. P, Mills. 4th ed., edited by H. W. Hayward, 
N. y., John Wiley & Sons, 1931. 423 pp., 

Illus., diagrs., charts, tables, 9x6 in., cloth, 

$4.00.-The aim of this work is to supply a 

general ti',xt/-book upon the manufacture, 
prop(3rties and uses of the common engineering 
iiiatcj’ials, for students of engineering. The 
book is to bo supplemented by a laboratory 
course in tlio testing of raatiu’ials. . I’ho now 
edition has been revised and enlarged. 

POWER AND THE INTERNAL COM¬ 
BUSTION ENGINE. By W. E. Dalby. 
N. Y., Longmans, Green <fe Go., 1031. 289 pp., 

diagrs., charts, tables, 9x6 in., cloth, $7.90.- 

Professor Dalby hero treats of the common 
principles of the internal combustion engine. 
TTio first chapter is devoted to the jihysicai and 
tlicnnodynamlcal propcrtie.s of a working agent 
formed from a ga.seous charg(3 by explosioii. 
'Idle second chapter considers in more detail 
fuels and the charges formed by mixing them 
with air, and the products of tlunr combustion. 
The ongine and its performance are the subject 
of chapter four, which is followed by a chapter 
on the performance diagram devised by the 
author. Succeeding chapters are devoted to 
the suction gas plant, the gasoline engine, and 
the effect of heat flow on design. The book 
contains much to interest the designer. 

PRINCIPLES AND PRACTICE OP GEO¬ 
PHYSICAL PROSPECTING, report of the 
Imperial Geophysical Experimental Survey. 
Cambridge England) University Press; N. Y., 
Macmillan Go., 1931. 372 pp., illus., diagrs., 

charts, maps, tables, 11 x 9 in., cloth, $5.90.- 

This report records the results of eighteen 
months of work in Australia, undertaken to test 
the applicability of the principal geophysical 
methods under field conditions, for the piu’pose 
of determining their practical value and relative 
merits. Electrical, gravimetric, magnetic and 
seismic methods were used in coimtry carrying 
sulphide and other ores, graphite, brown coal, 
saline waters, etc. The report is more in the 
nature of a manual of geophysical prospecting, 
illustrated by field results, than of a formal 
report. In part one the field investigations 
and elementary expositions of the different 
methods are given in readily understood form. 
Part two explains the field procedure in greater 
detail and discusses the design of apparatus, 
the interpretation of results and the underlying 
theory. Much new information upon electrical 
instruments is included. 

SOIENOE AND RELIGION, a Symposium 
with a foreword by M. Pupin. N. Y., Charles 
Scribner’s Sons, 1931. 175 pp., 8x5 in., 

cloth, $1.75.-In the fall of 1930 the British 

Broadcasting Corporation arranged a series of 
tallcs, in which eminent scientists, churchmen, 
and philosophers were asked to give their 
personal interpretation of the relation of science 
to religion and to determine to what degree the 
conclusions of modern science affect religious 
■ dogma and the fundamental tenets of Cludstian 


belief. These addresses now appear in prfiit. 
with a oreword by Professor Pupin, and arc, 
of unusual intere.st as a representation of thi 3 
mature thought of distinguished leaders in the 
two fields. Among the twelve contributors arc 
Sir J. Arthur Thomson, Julian Huxley, Sir 
Arthur Eddington, the Bishop of Birmingham, 
Dean Inge and Canon Streeter. 

TELEVISION. By E. H. Felix. N. Y., 
McGraw-Hill Book Co., 1931. 272 pp., Illus , 

diagrs., charts, 8x5 in., cloth, $2.50.-This 

book explains the basic processes involved in 
any television system and describes the methods 
of existing systems. The standards of per- 
forinanco requisite to commercial service are 
outlined, and the limitations of existing methods 
are pointed out. The book gives a good general 
survey, in not too technical language, of the 
present situation, the problems that televi.sioii 
faces, and its probable future. 

VECTOR REPRESENTATION FOR 
ELECTRICAL METERMEN. By D. T. 
Canfield. N. Y., McGraw-Hill Book Go., 1931. 
180 pp., diagrs., charts, tables, 8x6 iu., cloth, 
.$2.00.-This book explains the vector repre¬ 

sentation of alternating voltages and currents 
ill simple language, with very little use of 
mathema(/ics. The theory of vectors and their 
manipulation are first described in a non-mathe- 
matical, iion-technical way. This is followed 
by a more technical presentation of the subject, 
after ■which Ihe use of vectors in the solution of 
polypha.se problems and power-factor correction 
is shown by practical examples. >¥11110 in¬ 
tended primarily for raeterrnon, the book will be 
useful to any one seeking an elementary text, 

2ND .WORLD POWER CONFERENCE, 
Berlin, 1930. Transactions, 13d. 20, Index. 
Bciiiii, VDl-Verlag, 10 x 6 in., cloth, $<S5.00 per 

sot.^-This volume completes the Transactions 

of this conference, hold in Beiiin in Juno, 1930. 
The Transactions contain the papers presented, 
numbering over three hundred and fifty. These 
are in twenty volumi's of handy size, each con¬ 
taining papers upon j-olated subjects, which may 
bo purchased singly, fi’hese are fully indexed 
by autlior and subject in this (lual volume. The 
index is tri-liiigual—English, German, and 
Fi'onch. 


FRENOH-ENGLISH AND ENGLT8H- 
FRENCn DIOTIONARY OE COMMER¬ 
CIAL AND FINANCIAL TERMS, PHRASES 
AND PRACTICE. By J. O. Kettridge. N. Y,, 
E. P. Dutton & Co., 1931. 647 pp., 10 x 7 in., 

cloth, $7-50.-Tills work gives the trans¬ 

lations of fifty thousand words, term.s and 
phrases frequently used in comriKircial and 
financial writings, and illustrates their use by 
numerous examples and explanations. The 
book Is clearly printed and of convenient size. 
It -will fill a long felt want among translators, as 
it occupies a new field, and will do so very 
satisfactorily. 


CREEP OF METALS. By H. J, Tapsell. 
Jjondon, Oxford University Press, 1931. 285 
pp., illus., diagrs., charts, tables, 10x6 in., 

cloth, 30 s. (American Price .$12.00).-Avery 

complete presentation of the data available 
upon the creep of metals at high temperatures, 
fifiie work of the various investigators has been 
correlated, in the light of the test methods used 
by them, with the aim of enabling the engineer 
1*0 a satisfactory interpretation of present and 
future data, and the successful use of them. 


ENGINEERING SOCIETIES 
LIBRARY 

29 We.st 39th Street, New York. N. Y. 

kJ AINTAINED as a public reference 
* library of engineering and the allied 
science.s, this library is a cooperative activ¬ 
ity of the national societies of civil, elec¬ 
trical, mechanical, and mining engineers. 

Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies’ or translation 
of articles, and similar assi.stance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work rcciidred. 

A collection of modern technical books 
is available to any member residhig in 
North America at a rental rate of five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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Sel cted Items Fr 

Engineering Ind x Service 


^ELECTED references to current 
electrical exigineering articles from 
Engineeringr Index Service’s review 
of some 2,000 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 

Armatures 

WINDINGS. Unbalanced VolMe in Arma¬ 
ture Coils. R. M. Baker. Elec,J(., vol. 28* 
no. 5. May 1931, pp. 816-317. and 321. 12 figs, 
wt-up for studying drculatlDg current condi¬ 
tions by means of oscillograph analysis of 
results. 

Busbars 

^ Current-carrying Capacity of Bare OJyindrlcal 
CcM^uctors for Indoor aud Outdoor Service. 
C. W. ^ck. Gtn, JSUc, Bw,. vol. 34, no. 8, 
Am. 1981, pp. 464-471, 8 figs. Oanrying ca- 
padty tables for bare Indoor conductors and 
at 100 per cent conduotivlty copper, horizontal 
position. 40 deg. cent, air temperature in large 
rooms without drafts and 60 cycles and for bare 
outdoor conductors of same material in partly 
sh^tared locations; relatlYe capacities for con¬ 
ductors of same dlametcor and cross-section made 
of metsOs having different values of conductivity: 
formulas for oalcalation of current ns. tempera¬ 
ture rise; resistance data. 

TESTING., jUumlnum Busbars Resist 
Power Ajw. J. D. Porter. EUc. World, vol. 
98. no. 3. July 18.1981,j;>p. 104-105,1 fig. Tests 
made by enmneers of westl^ouse Electric & 
Manitfactm® po.*s hlgh-power laboratory on 
behalf of AiiinniniiTn Oo. of America, in order 
to determine effect of power arcs of long dura¬ 
tion on tubular aluminum busbar under various 
outrente and with several different wc^ts and 
thicknesses of tubing. 

Cables 

DDBLECTKIC LOSSES. The SlgnUoanoe 
^ Dielectdc in High Voltage OaUes, M. O. 

Iisuns., Elec, Engr, Australia and Neuf Zea^ 
land, vol. 8, no. 3. June 15. 1981, pp. 95-100, 

6 Cmgin of dielectric loss; leakance; 

ionization loro; roialvsis of dielectric loss; effect 
of inherit dlelecmc loss; wuEUition of power 
factor; effect of ionization loro. 

Dielectric Loss-AMle Measurem^t of Multi- 
>re High-Tension Cabl ” “ . . ^ * 


Core 

mce to the Scherl 


rM v>abljro, With SpeolaL Refer- 
.ering Biid£& L. G. Brazier, 

- — JL, vol, o9, no. 414. June 

757-77h. 14 figs. Special difflcalttes of 
dideco^ loss angle: measurement on multi-core 
cables are examined; conclusion is reached that 
Inter-^mittance cannot be considered to have 
associated vdtb it definite d^ectric loss-angde; 
new method of obtaining Inter-dielectricloro- 
angle in conformity with conclusions of section; 
'^yel^gth effect appreciably affects apparent 
diele^c loss-angle when cable exceeds in 
length smaU fraction of wavel^igth. 


Cables, Tdephone 


for 


FAl^T LOCATION. Bridge Me_. 
LocstiM Resistance Faults on Cable . 

T. O. %nnei]mer and P. G. Edwards. B«// 

July pp* 

3C0-4O7. 18 fi^ Bridge method for locauaig 
r e sis tanc e fauns on cable wires, i^th spedO 
refemoe to ^eory of methods for locating 
insulation faults whidL cause complete cable 
failure, locating insulation faults of high reds- 
tance, and locating series rroMmce unbalances. 

NOISE mJMlNATION. Tdwhone CKa>le 
gircutt NoIm and Power Dtotrihuflon Sm^joa. 
Nat, El^, Light Assn,’-Putu, no, 147. J®f 1931. 
4 pp.. 5 figs. Res^ts^of study made to deter- 
mine factors involved In power distributton 
systems and telephone excliange» plants which 
contribute to noise problem; relawve 
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Of various types of power distribution systems 
and relative siisceptivenero of various types of 
telephone exchange cable circuits are shown. 

Circuit Breakers 

How Delon and Deton-Grid Circuit Breakers 
Operate. H. N. Blackmon. Power, vol. 74. 
no. 6. Aug. 4. 1931. pp. 161-168. 8 figs. Two 
high-voltage drcnit breakers, Delon, which is 
air-break type and Deion-gi^. oil-break type, 
have come into use recently; although Doth 
remove ions from arc when Interrupting circuit, 
they operate on entirely different pmciples. 

Giocks, Electric 

MOTORS. Measuring 0.000011 Horse¬ 
power, T. R. Watts. Elec, JL, vol. 28, no. 7. 
July 1931. p. 418, 8 fin. Special spring 
dynamometer was recently constructed for 
running roeed-torque tests on 200 r. p. m. dock 
motors or approximately 11 millionths of hp. 

Diesel Electric Plants 

AUTOMATIC. Automatic Diesel-Electric 
Plant, B. J. Katro. Machg, Mcuket, no. 1604. 
July 31, 1931. pp. 19-20. Paper before Am. 
Sty. Me^. Engrs., previously indexed from 
Advance Paper, for mtg. June ^-26. 


Dust Precipitation 


Electric Equipment 

COAL MINES. Automatic Portable Con¬ 
version Bqaipment at the Wildwood Mine of 
the Butler Consolidated Coal Co., A. L. Lee. 
Gen. Elec. Reo„ vol. 34, no. 8, Aug* 1031, pp. 
459-463, 6 figs. Portable starting and running 
equipment for portable motor-generator set or 
300 kw.. 2,300 volts a-c., 275 volts d-c., 1,200 
r. p. m.; details of substation. 

Electrolytes 

The Rapid Determination of Current Effi¬ 
ciency in the Electrolysis of a Zinc Sulfate 
Bleci^yte. Electrochem. Soc.-^ Preprint, no. 
60-1, for mtg. Sept. 2-5, 1931, 7 pp., 2 figs. 
Roasted blende Is leached with spent add 
sulphate from cell room; before cusduurging 
zino-enriched solution back into cells, itis 
advisable to test it as to cathode effidency, 
which is sensitive indicator of quality of soIir> 
tion; new apparatus and comparatively de¬ 
scribed have been in satisfoccery use for several 
months. 

Engineers 

RUSSIA. American Engineers in Russia. 
J. M. Oarmody. Eng, News^Rec,, vol, 107, 
no. 7. Aug. 13, 1931, pp. 262-264. Comments 
upon en^neering status, living condltloiis, 
tecb^cal problems and future prospects; 
6mpIo]rment contracts; engineers must be 
teachers. 

FrequeuQr Meters 

VACUUM TUBE. A Thermionic Typo Fre¬ 
quency Meter For Use Up to 16 KC, F. T. 
McNamara. Inst. Radio Engrs.-^Pror., vol. 
19. DO. 8. Aug. 1031. pp. 1384-1390. 7 figs. 
New type of frequency meter which is adap^ 
to measurement of low and intermediate fre¬ 
quencies; instrument absorbs negligible amount 
Of power from circuit being troteo. has llnoar 
calibration curve and senslUvity of about eight 
microamperes for one per cent change in ne- 
quency; experimental model is described in 
detail: input is between five mid ten volts; other 
modds may require different inputs. 

FURNACES. Welding Stresses are Relieved 

the Electric Furnace, O. O. Brinton. Elec. 
Jl„ vol. 28. no. 8. Aug. 1931, pp. 478-470. 6 figs. 
Oaivtype furnace for use in r^udng weldu^ 
stresses; fioor mid front are mounts on 
truck that moves in and out of furnace proper: 
throe heater banks are connected sw-delta 
flrom 60-cyde, 2.300-volt supply source throufi^ 
ttiree 2,300-230/115-volt transformers, with 
circuits so arranged that each bank may be 
0 ];>erated indepenaenliy; furnace rating is 375 
kw., 60 cycle, three phase. .. 

TOOLING. Electrical Furnaces with Artifl- 
dd Atmospheres. Nat. Elec, Light Assn,^ 
f^LJuly^loai, 0 pp.. 16 figs. Value 
of aiwdal atmospheres, processes and furnaces 
which lend themselves to use of artificial atmoa- 
source of supply; 
pog^le future applications; spe^c uses of 
artmdal atmospheres and functions of gases: 
illustrations showing fUniaces, objects and 
charges treated, and gas gmeratmg e^iipments. 


ELECTRIC. Harvard Medical Power Exten¬ 
don Prodpitates Dust ElectrlcaUy. G. K, 

Sauerwein. Power, vol. 74, no. 7. Aug. 18. 

1931, pp. 226-229, 6 Am. Variety of servl^ 
applied by Harymrd Medical School power 
pmt, which employs dectrostatlc pre^itotlon 
of flue du^; design and operating characteristLcs 
of boiler plant equipment. 

EdacatioD 

, Education for the Engineering Industry. 

Lend., H. M. Stationery Office, 1931, 67 pp., 
is. 3d. Report of Oommittee on Education tor 
BngineerlM Industry and comments on report 
by^educational bodies; factors in recruitment to 
industry; recruitment from different types of 
school and from Universities: training in works; 
promotion in relation to trafaiing and instruction: 
organization of part-time education; subjects of 
instruction in tedmical schools and coUmcs; 
trade courses; foundry work; instruction in 
crafts: conduslon. 

Electric Drive 

Indl;rtdual or Group, D. O. McGuire. Elec, 

JL, vol. 28. no. 8. Aug. 1981, pp. 456-459, 2 figs. 

Eor avenge installation, when all factors have 
be^ oonsiaered, first ood; for Inffi^duAI motor 
drive and for group drive is approximately same; 
power and labor costs are more important than 
first cost; overall efficiency of drive should be 
accurately ^tetermlned because cost of power is 
largest single item entering into cost of opera¬ 
tion; various tables showing inst^tion opera¬ 
tion costa are given. 

New Midti-Speed Drive. Elec. JL, vol. 28. 
no. 8, Aim. 1931. p, 490, 2 figs. Movement of 
handle sel^ts any one or four speeds tor driven 
eqjflpment, constant-speed motor rani£ig under 
nul load; drive has motors and gears made m 
single unit, and is designed for constant horse¬ 
power out^t. 

C AL ENDARS- Synchronizing Operation of 
O^ea^ Tra^, R. G. LockSS. SSn. and 
its?* PP* 407- 

^ problem oenters around 

necessity of handling group eff motors in unison 
at various speeds and at times arranging for 

’^oraw’" between units: rubber-tire -rr a , , ♦ 

fabric c^endars ordinarily are driven by two Hvoroelectnc 
to o ne d-c. motors operating on two-voltMe 

some forms of tertDe-prtating POWER DEVELOPMENTS. Hydroeiec- 
mao hlne s opiate on variable-voltage d*^. trie Development of the Moktiunm^ Bftatn 
system providing much greater speed variation. B. A, Grellln,™Eiec. WeSf vm.^<^M!2T AmTi * 

0 ^ 4 ?* fflgbest of its Jmd* 

sat Springs rockfiU dam halts Mokaomne 


Fuse Perfomumce in Qiicuit-Interrapting 
Service, H. D. Braley. Power, voL 74, no. 4, 
July 28,^ 1931, pi^ WO-ISS. 11 fii^. Fuse con- 
sidroed in its abilil^ to interrupt circuit, and 
factors that infiuence its performance in that 
duty; results of series of overload tests made on 
different size fuses. 

Generators 

CONTROL. Automatic Dlreet-Ourrent 
Load Slflfting Oontrbi. L. D. Wbitelock. mw, 
rik 289-290. 2 figs. 

57*5^; Itii cort Is so reasonable that it is now 
feasible to install automatic load-sblfting equip¬ 
ment to stations which would otherwise be 
manually operated. 


^ SimRI POWER PLANTS- Large and 
Sznall M tors to the Modem Industriid Steam 

Finance, 

1931.pp-T^g. Oeiura]1;:rpe« 
or electric motors for essential and non-essential 
auxlUai^ in power plant; mechanical construc¬ 
tion and control. 


w «9«Mv brings pow 
conduit, and Tiger Oreok pow6r house: 
wiring diagrams are given. 

ElectiCical Engimeebing 



POWER PLANTS. Saluda Deyel<^meDt is 
Bldi in New Sni^eering Features, A. P. Oan^ 
bdl, J. P. Garvin. A. W. Reed, imd N. D. 
Urqubart. Elec. J/*. y 1. 28, >!<>; 6t,May 1931, 
d!^ 265-268. 7 figs. Plant has added addition^ 

'— -- generating capacity in South 
icb tovlng created second largert 
arifiiiciai uute in Unlt^ otatos, and laigost earth 
filled power dam in world; built for Lo^ngton 
Waterpoww Oo. on Saluda River near Oplum- 
bia, S. 0.. it will have ultimate capacity of 
196,000 kw., at present four 32,500 kw. genera¬ 
tors are installed. 

Eouipm^t iu Hydroelectdc 
Plants. J. B/Housley. Power, vol. 74, no, 7, 
Aug. 18. 1931, pp. 239-241, 4 figs.^ Inspection 
ai^ mamtenance methods that have proved 
successful and are outerowth of eleven ye^ 
exp^ence on system that has increased in 
to^^ere there is now nearly 300,000 hp. in¬ 
stalled capacity. 

' REMOTE CONTROL. Remote-OpntroUed 
Hydro Station. Elec, ^orl^ vol. 98, no. 4, 
July 25,1981. p. 154. 1 fig. Romote^autom^c 
controls for hydro stations are us^ tot frc; 
quently; diagi^ showing essen^ futures of 
remote-control system developed and applied 
by Oenei^ Control Oorp.; operation. 

WATER STORAGE.^ Oha^ Simplifl« 
Water-Flow Problems. R, Bji^, Power, wl. 74. 
no. 6, Aug. 11.1931, pp. 202-203.2 figs. By use 
of storage-reservoir-capaclty cmye and second- 
foot s^e. problems on available watw for 
pow«p generation are easily worked out. 

Lamps 

ULTRAVIOLET. A New Source of mti^ 
violet Radiation, J. W. Mardwi and M. G. 
Ni<^ol8on. Ilium. Ena- Soc, —T'ran.v vol. 26. 
no. 6, July 1931. pp. 692-601 and (discussion) 
601-610. 8 figs, partty on supp. plate. Type of 
mercury vapor ultwiviolet Uunp, with poml- 
bllilies: discussion on mechanical construction, 
^ectric^ characteristics, and development 
problems encoimtered: corves, oscillograms ^d 
drawings are included; problem of ine^rii^ 
ultraviolet output; brief tareatment of balla^ 
devices to bo used with lamp Is given, and 
method of adapting these and glow lamp on 
115-volt circuit to considered. 

Lighting 

Physical Characteristics of Sunshine and 
Its Substitutes. O. B. Grelder and A. O. Dowum. 
Ilium. Eng. Soc.—Trans,, vql, 26, no. 6, July 
1931, pp. 661-571, 6 figs, partly on 
Measurements made of energy distribution ^ 
solar radiation throughout spectrum and of its 
varial^n with altitude, location and time of 
year: attempt been made to correlate the^ 
physical data with clinic experience as to best 
kSd of sunlight for health mai^nance: 
biological sigDiflcance of various portion of 
sun’s spectrum Is discussed; comparison between 
natural sunlight and one type of aruflclal sun¬ 
light. Bibliography. 

The Biologically Active Oompongut of 
violet in SunS^t and Daylight. W. W. 0<2)l^t«. 
Ilium. Eng. Soc. — Trans,, vql. 26. no. 6. July 
1931. pp. 672-677. Attention la called to 
atnu^neric pollution by products of TOmburoon 
of automobiles and oil-burntog 


MEASUREMENT. The Pboto^ectrlc Mea¬ 
surement and Photographic Reco^ng of Day- 
Ught, W. A. Thomson. Can. JL Research, vol. 
4, no. 6. June 1931, pp. 669-664. J figs. Method 
is described by which illumination intei^ties 
were measured by photoelectric celled gal¬ 
vanometer. and conunuous photographic record 
obtained of variations of Intensity over period 
of time during which ground was covered with 
snow: it wasToimd that remarkable mgrewe in 
illumination was caused by presence of cloudi¬ 
ness with full sunshine. 

ULTRAVIOLET- ’^e^ 

Hygienic lUuminatlon. L. J. Buttolph. ///lim. 
Eng. Soc. — Trans., vol. no. 6. July 
^.*^578-691. and {discussion) 601;610. 14 flra. 
Iu meet general conviction that there tui^t be 


luuminaiiioa. ^jooper jaowiuw lauip 
stnicted of glass having Incareased ultra^glet 
transmission; value of new lamp te j^edicted 
graphically from its relative energy distribution, 
and erythematic effect curves. 


Lmes 

CALGULAITON. 
^ W. Marshall. Jr. 


Line Loss Oalculations, 
Gen. Elec. Rea., vol. 84. 



mg toab, wmie neauug ui *•* 

sttong light from ricy, for effective therapeutic 
results, obtainable by exposure for conveniOTt 
interviJ of time, direct exposure to sunlight is 
essential. Bibliography. 

VISION KBVATIONSHW. .Seein g,, g 
Partnenfilip of T.i ghring and VislonjM. Luckiesh 
and F. K. Mobs. Baltimore. WlUiains and 
Wfikins Oo.. 1931.241 pp.. Blus. 4 ^dlagra., 

$6.00. Seeing depends upon llgnt and 
as w€U as upon eyes and visual sense; yet light 
and lighting have not yet received much ooi^ 
fiideraaon as partner of vlsu^ sense, a^ough 
excrilent sclentiflc data pertaining to virion jge 
available; present b<^ aims to remedy ^ 
lack, in part, by ^vlng results of extensive 
research work, coverhm some twenty yws and 
undertaken to esuSSush scientific principles 
of seeing. Bibliography. Bug. Soc. 

AIRWAY. 


O. VT. XVlOTOUIhU, -IS. UMi. 

no. 8. Aug. 1931, pp. 472-178,1 Thoor^C^ 

mathematical t^ysia; calculanons are based 
on assumption of constant value of charging 
current per mile for transmission line, constant 
value of transformer exciting current and 
constant iron loss for load terminal transformers. 

DESIGN- Sags and Tensions In Overhead 
Lines, O. G. Watson. London and New York, 
Isaac Pitman and Sons, 1931, 192 pp.. di^niv.. 
charts, tables. $3.76. Simple methods of 
determining sags and tensions which aw accu¬ 
rate. yetreqtiireno further mathematical knowl¬ 
edge than ability to plot and read ^Pks. eM 
perform simple arltiimetical operatic^; tobies 
and graphs of hyperbolic and catgjarian Ac¬ 
tions of tangents, etc. Eng. Soc. Lib., N. Y. 

LIGHTNING PROTECTION. ^ Direct 
Strokes to Transmission Llne^ W. W. ]^wls and 
O. M. Foust. Gen. Etee. vol. 34, no. 8. 
Aug. 1931, pp. 462-458, 8 to. Potential 
gradients preceding nearby lightning strokes; 
rioud field gradients during ^htnlng storm; 
polarity characteristics of breakdow; p^ten- 
berg figures; protection afforded by lightning 
rods; variation of Lichteuborg figure stumer 
length with applied voltage; ^ 

lightning strokes: firid recoMs of direct s^kes 
to transmterion lines; direct strokes on trans¬ 
mission lines and tripouts; conclusions of 
analysis. 

PROTECTION. Theory and AppUcati^ 
of Relay Systems, R. H. J^btoson I^T. 
Monseth. BIk. Jl., vol. 28. no. 5, May 1931, 
pp. 290-305, 18 Line-fault protectimi of 

foop systems ai^^ pertaining Ja'Wt 
<^culation8; application of relays; setting of 
impedance relays. 

RELAYS. Theory and Application of Rriay 
Systems—Gknind-Fault Protection of 
totems—II, P. H. Robinson and I. T. Modi¬ 
sh. Elec. JL, vol. 28. no. 7, July 1931, pp. 
431-435, 16 figs. Ground-fault currents; appli¬ 
cation of reiS-ys; calculation of ground-foult 
currents. 

Theory and A 
High-Yoltage, 

Robinson and a. * • j*Awajwwwa». »■.. • ——. 

no. 8, Aug. 1931, pp. 486-488, 11 figs. 
Overcorrent rmys; dlrecUonal-overgirrent re¬ 
lays; directional residual ground i^ay; polj- 
phase directtonri-overcurrent rriay; famt- 
dotectop relay schemes; impedance^rria:^ bus 
protection; pilot wire rriaying; various wiring 
riiftgrfutia are given. f 

VIBRATIONS. Safei^dJng from Vlbra^ 
tion. E. O. Thompson. Elec. LiqU and Power, 
vol. 9, no. 8, Au£ 1981, p. 34, 1 fig. Layout 
gives idea of work done in i nstollin g vibrations 
dampeners on Jordan Dam-^omaton line of 
Alabama Power Oo. 


Insln. Elec. Engrs.—JL, vol. 69, no. 416, Jfily 
1931, pp. 867-874, .9 figs. Method for ropld 
det^mmation of temperature-rise and time- 
constant of electrical machinery imd apparatus, 
bas^ on exponential heatir^ and Hak curva, 
tests are produced showing that there is satis¬ 
factory agreement between figures and curv^ 
of graph^l method by short-duration tests 
and those obtained by measurement from long 
heat-runs; theory of Hak curve. 

Motors 

SFBED RBOULATION. Motor AppUca- 
cations for Drives Requiring Speed Changes, 
B. O. Dieffenbach. Power, vol. 74, no. 8, 
July 21. 1931, pp. 80-83. 7 figs- Because of 
nature of work speed adjustmmits are essgitial 
In multitude of motor drives, ultimate omect 
being to save power and to speed up prcKmctton; 
speed variations with motors may be obtolned 
in many ways, 15 methods being discussed. 

Musical Instruments 

Electronic Miisical Instruments, R. Raven- 
Hart. Ekcironics. voL 8, no. 1. July 1931. 
pp. 18-19. and 42, 1 fig. Holding of inter- 
wfttiftiifLi congress on subject of electronic music 
by European inventors and manufacturers of 
riMtronic musical devices riiows practical 
extent to which new musical devices have 
alreat^ progressed in Germany, France and 
other European countries. 

Networks 

ANALYZERS. Phase Fau^ Analysed on 
D-0. Calculating Board. O.^W. B^er tmd 
G. W. Vaughan. Elec, World, vol. 97, no. 
June 6, 198i7 PP- 1068-1071, 4 figs. S^rfe- 
phase-to-ground shorts create uwnnnetrical 
mult currents in phases; paper exhiblls technique 
in ascertaining m>m direct-current calculating 
board zero-poritive and negative phase sequence 
components of dissymmetry. 

INVERSION. Inversion of System Result¬ 
ing from Switching Operations. A. Bovaj^ 
am W. J. Budge. Gen. Elec. vol. 34, 

no. 7, July 1931, pp. 486-489. 18 figs. Equiva¬ 
lent impedance network or system may be 
alt<wether different in chawictiaf from nonnal, 
during various stages of switching operations; 
usual& those are^ no particular consequence, 
but occasionally destructive conditions are 
encountered; dumpiest single-phase circuits 
susceptible of such phenomena are token ^ 
basis for general exploration of phenomena ana 
are applied to three-phase system. 

PROTECTION. Installation Protection. 
T. a Gilbert. Elec. Rea., vol. 109, no. 2799, 
July 17, 1931, pp. 93-94, 3 figs. Rbrinto^ 
W^allsches Blektrizltotswerk to solved 
problem of usual prqteotive metho^ 
conditions by InstaSiatton of extremely interest 
Ing protective devices, both at substations and 
also on consumer’s premises. 


TESTING. AutOD^tic Recording of Sys¬ 
tem Disturbafices, J. T. Johnson. Jr. 
v61. 28, no. 8, Aug. 1931, pp. 466-468, 6 
Multi-riement oscillograph giw 
record of currents and volti^es miring tra n ri e n t , 
starting from rest within four eyries. 


A New Oathode-Ray OscUlompe, W. 0. 
Osborn. Elec. JL, vol. 28, no. 6, M ay 1 931. 
pn. 322-324. 6 figs- Distinctly new type of 
oscillograph iias been devrioped: with it jew- 
^ptoSiena, such as wav© shai^f vritoge 
or currait can be *riewed on ^ 
in ordinarily lighted room; yet romplete qsrillo- 
scope^ contalSod in cabinet about size of suit¬ 
case and is readily portable. 


International ae la 

International Congress of !• 

Sept. 1^, 1980, pp. fi92-199. Requirements 
Sum viewpoint of pBots and navigators; tote 
imposed on lightuig Installatton by costs, 
stemtodization of apparatus to simplify manu¬ 
facture, instoRation end maintenance; respon- 
sUfiUtT fiMf installation as*lt roncoms govern- ]VCa.c1iliiM*v 
meats, mnnictoalltie^. and aircraft op^t^ iTiacnui j 
oomnanles; dtifaSnee between na^ of com- 
mSSaSpcraft 

of aircraf| or amateur pilots, (In English.) 
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Loud Speakas 

MEASUREMENT. Notes on Loud Sptoker 
Response Measurements and Some Trolcal 
Response Ourves, B. Olney. BajKo 
—iVoc.. vol. 19, no. 7. July 1931. PP- 1118- 
1130, iO figs. Difflerities In loud roeaker 
measurements; acousl^ features of paiwjto 
indoor measuring system;, outdoor testto 
arrangements wtoeby double as wril as 
radia^g loud speoKeis are measured Trim 
negUri^ ground reflection error; over-^ riec- 
trito^fidrilto curye of radio receiver is ins^ 
quate pertormance index; riectro-aqpusttc 
fidelity embracing frequeumr respowe of loud 
Speaker is suggested as more mformative. 


Photoelectric Cell 



•TBSTINO. Shwrt-Duratipn Tmogature 
Testing of Electrical Machines, W. E. French. 


31-33. 4 ngs. 

monorail conveyor syst^ derigned to handle 
nitt.li Piftgg In railroad terminal. 


and 44, 6 to- In selecting mosv 
S phototSbe to be used in ^reproduction of 
sound from film, many fwtors, 
and mechanical, must be conrid»ed, riiief 
SSmgSe^cal factors are frequency rwonse 
ffilteSrseiritirtty. noise 

level and mechanical factors are 
of cell, mounting facilities required, and sturdi¬ 
ness (H ph^cal construction. 
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P5wcr Factor 


IMPROVEMENT. Power Factor Improve¬ 
ment. J. Sachs. AEG Progress, vol. 7, no. 7, 
July 1931. pp. 1.39-145. 17 figs. Relataon be¬ 
tween active and reactive power: reason for 
power factor improvement and ctuestion as to 
where and by which means power factor should 
be Improved is considered: design and service 
characteristics of static condensers; brief re\iew 
of rotarj' condensers: various methods of improv¬ 
ing power factor of induction motors by three- 
phase exciters, etc., and synchronous Induction 
motor. 


Power Factor Correction by Means of Permit- 
tors. A. A. Bolsterli. Ru, Elec, Engr,^ vol. 22. 
no. 7. July 1931* pp. 178-180. 3 figs. Physical 
and economic factors involved in use of static 
condensers for improving power factor; descrip¬ 
tion of lOO-kva., 4.000-volt. dO-cycle permittor: 
50-kva.. 11,000-volt. 26-cycle permittor used 
for traction systems. 


Poles 

WOODEN. Life of Butt-Treated Western 
Red Cedar Poles. R. M. Wirlca. Elec, World, 
vol. 98. no. 6. Aug. S, 1931. pp. 237-239, 4 figs. 
Long-timo test now under way In vicinity of 
Los Angeles. Calif., indicates that Western red 
cedar poles well butt treated with creosote by 
hot-and-cold-bath process will under such ser¬ 
vice conditions give average life of at least 25 
years: where longer life than 35 years is required 
xmder similar conditions top treatment seems 
necessary: specification of preservatives; table 
showing condition of experimental W&tem red 
cedar poles in and around Los AngeLes* Calif., 
after about 21 to 32 years’ service. 

STANDARDIZATION. New Standard 
Specifications for Wood Poles, R. L. Jones. 
Bell System Tech, Jl„ vol. 10, no, 8, July 1931. 
pp. 514-524. 2 figs. Work of Sect^nal Com¬ 
mittee on Wood Poles of American Standards 
Assn, covering preparation of specifications for 
northern white cedar, western red cedar, chest¬ 
nut and southern pine poles Is summarized: 
major problems underl^g development of 
standard ultimate fiber stresses, standard dimen¬ 
sion tables and practical knot limitations are 
discussed and illustrated by suppordng tables or 
figures. 


Power Supply 

^ RURAL. Electricity and the Agriculture of 
the Next Ten Years. E. A. White. Agric, 
Eng,, vol. 12. no. 8, Aug. 1931. pp. 301-305. 4 
figs. Present trend In ai^culture and predicted 
influence of electricity during next ten years. 
Before Am. Soc. Agric. Engrs. 

Radio Antennas 

MODULATION. Relations Between Modu¬ 
lation and Antenna Current. W. F. Lantemman. 
EUctrcnics, vol. 3. no. 2. Aug. 1931, p. 59. 1 fig. 
Mathematical analsrsls pertaining to increase 
in antenna current due to power la sidebands; 
tables show increase In antenna current in 
relation to per cent of modulation. 

SHORT WAVE. Developments in Short- 
Wave Directive Antennas. E. Bruce* Insi, 


radio ^ephone communication; more important 
of th^ factors are inherent set noise, external 
noise (static, etc.), and signal fading: possibmtT 
of counteracting these limitations through 
ante^a Is indicated; antenna system 

which maintains desirable degree of direotlvltT 
throughout broad continuous range of frequen¬ 
cies is described. 

*1^ Determination of Power in the Antenna 
at A. H. Taylor and H. F. 

Hastinm. Inst, Rcdio Bngrs,^Proc., vol. 19, 
n .8. Aug. 1931, pp. 1870-1883. 9 figs. Brlrf 
review of general methods of measuring radio- 
fr^iueiicy power in antenna: series oftests on 
paraciuar transmitter operating ftom 4.000 to 
26,000 kc.; tests indicate that it is reasonable for 
smsb transmitter continuonsly variable in 
nequenqy and of fairly modem design to be 
expected to put not less than 50 per cent of its 
Input plate power of last stoge Into antenna as 
ra« frequenCT irom 4.000 kc. to 8,000 kc. and 
not less than 82 per cent at 24.000 kv. 


Foundations of Radio, R. L. Duncan. N. Y.. 
John Wiley and Sons, Inc., 1931, 2^16 pp.. Ulus., 
dlagie., tables. 82.50. An introductoiy tex^ 
hook on electricity, covering In non-miithemati- 
cal language fundamentals of interest to student 
of radio engineering. Eng. Soc. Lib., N. Y. 


Radio Frequency 

MEASUREMENT. Measiuhig the Freqtien- 
clos of Radio Signals. A. A. Roetken. Bell 
Laboratories Rec„ vol. 9, no. 12, Aug. 1931, pp. 
585-588, 2 figs. By beating incoming radio 
signal down in successive known steps, its 
frequency can be accurately determlnod with 
audio-frequency oscillator: equipment at Holm- 
del is illustrate and described. 


Radio Receivers 

CRYSTAL CONTROLLED. AppUcatlon of 
Piezo-Electrical Crystals to Receivers, R. R. 
Batcher. Electronics, vol. 3, no. 2, Aug. 1031, 
pp. 57-58, 4 figs. Analysis of quartz ciystnl 
bridge circuit In intermediate frequency ampli¬ 
fier of stiper-heterodyne receiver and devoloi>- 
meut of simple relation between degree of 
imbalance and impedance of quartz crystal and 
holder which governs response of bridge us 
whole; it is shown that almost all of one side¬ 
band is eliminated but that other gets through 
to transmit desired modulation. 

Radio Waves 


ATTENUATION. Inv.8t4gation of tho At- 
tenuation of Electro raaguettc Waves and tho 
Distances Reached by Radio Stations in the 
Wave Band from 200 to ^000 Meters, H. Pass- 
bender. P. Eisner and G. Kimlbauin. Tn.U, 
Radio Engrs, — Proc„ vol. 19, no. 8, Aug. 1931, 
pp. 1446-1470, 25 figs. Results of large number 
or field strength measurements In which relative 
radiation characteristics of transniilting and 
receiving stations remain constant oven on 
changing their distance: constant of attenuation 
as fbncaon of wavelength was determined for 
propagation of waves over land from those 
measurements: method used eUminatos errors 
in absolute determination of received field 
strength. 


PROPAGATION- Radio Transmission 
Studies of the Upper Atmosphere, J. P. Schafer 
and W. M. Goodall. Inst, Radio Engrs,—~ 
Proc„ vol. 19, no. 8. Aug. 1931, pp. 1434-1445, 
9 figs. Number of measurements which show 
time variations in vii'tual height of ionized 
regions of upper atmosphere: these measure¬ 
ments were usually made simultaneously on two 
fluencies, 1,604 kc. and 3,088 kc.: single 
prequency data are also given; main points of 
Interest are presented. 


Railroad 


„ SIGNALS^ AND SIONALINO. Positive 
Oontrol hy the new Quebec Tunnel Signal Sys¬ 
tem. E. 3. Taylor. Elec. News, vol. 40, no. 
15. 1. 1931. pp. 39-40, 4 figs. Mile-long 

twnel has just been completed by Oanadlan 
Padfle Railway as direct link between its main 
and new round-house for its great White 
Bmpr^es,^at Wolfe’s Oove, Quebec; one of 
interesting features of this new project is unique 
a^ modem signal system for safety and 
guidance of trains Into and out of Quebec, and 
alsc^or those which use tunnel; system is briefly 
described. 

Indianapolis Union Station Installs Electro- 
Pneumatic Interlocking. Rg, Signaling, voL 
24. no. 8. Aug. 1931. pp. 266-268,6 figs. Nearly 
train movement each day are now made 
greater safety and flexibluty: features of 
interlocking macbi n e , signals, field apparatus, 
power supply and air sup^y. 

Oentealized Traffic Oontrol Installed on 
24. no. 7, July 

1981, pp. ^1-286, 7 fij^. (^totanding features 
of centralized control traffic installalton on 37 
^ of atnde track line on Wabash raUway be- 
^een LaFayette Junction. Ind.. and State 
Line;, track layout and traffic; dispatcher’s 
machine 93 nfi. from distant end of 37 ml. sinde- 
toack I n s t all ation; operathig savings justify 
0 ^; special si gnal requirements; power supply 
system. 


luterlocldng. Ain, Ry, Stgttoltng Pnnnyles 
and Practices, Chapter 16, 1031, 65 pp.. 43 figs. 
Definitions: types: historical roviow; applica¬ 
tion : trade layout; layout and operatlitg fiuvtures 
of inside appaKitus; 361 questions deiUing with 
interlocking. ^ 

SUBSTATIONS. Habitant Stylo Disguises 
City of Montreal’s Latest Automatic Jiailway 
Substation. Elec. News, vol. 40. no. 15, Aug. 
1, 1031, pp. .31-32, 4 figs. Fourth merciiry-;irc 
rectifier substation installed by Montreal 
Tramways Oo. coiitiUns two 1.500-kw., 12-piiaso. 
600-volt units: station and eqiiipinciiC are 
described. 


Rate Making 

POWER INDUSTRY. A OomiK»slto Block 
Tariff, L. G. Hill. Elcc, Ret*,, vol. 100, no. 
2793, July 10. 1031, p. 47. 3 figs. Lack c)f 
suitable standiuTl tariff is prokabty gre.at<<38t 
obstade to domestic oloctrical dovelopmen'o; 
what onginocr has to pay for Ids bulk supply 
and how best these duirgcs Can bo applied to 
domestic constimors: teaching the consumer to 
think in terms of hundreds of kilnwattr-hours. 


Reactors 

CURRENT LIMITING. l>fvnlo|Mti<-iit of 
Large Current-Limiting Iteactors. U. It. t.lotirgn. 
Elec, JL, vol. 23, no. H, Aug. 1931, pp. 160-163, 
10 figs. Design development and hviting iiro- 
cedurc of dry-tube :uul oil-lniimu*Ked ciirrent- 
Uraitlng reactors; iricra^isod reactor 


Rectifiers 


MERCURY ARC. Mercury Arc UetjUllerH, 
W, E. Gutzwlller. Power, vol. 71. ni». 2, .Tul.v 
14, 1031. pp. 41-17, 0 figs. Analysis of rixjtlfier 
performance comiKiifd with that of synchronous 
convortei*8 and niotor-gonorator suLs. 

VOLTAGE REGULATION. Vollago Regu¬ 
lation in Rectifier Plants, N. Kotschiihoy. 
Brown Bopcri Rev,, vol. 18, no. 7, .July 19.31, pp. 
22.3-233, 22 figs. By prodiictiou of now hipping 
switches permitting number of steiM hi he 
increased up to 60. it was possible to limit iiku 
of induction regulators to iiifriHpiont (suMts; 
automatic cotitrol of such tapping switches 
greatly simplifies operation nf nsttlller plants, 
thus enabling imimrfant ftivirigs to he uuidu. 

Registration 

Important Changes Propositd in Uniform 
Registration Law, T. JT. Lug;ire. ling, News^ 
Rec.. vol. 107. no. 7, Aug. 13. 1931, pp. 266-267. 
President. National Council of Htato BosmJs of 
Engineering Examiners, retom mends definite 
educational qualifications for profpsslotnU ongl- 
ueers and land surveyors: sailsructory definition 
of engineering sought. 


Steam Electric Plants 

HIGH PRESSURE. StoUnii "A" Initiates 
Use of High-Pressure 3tf>am in tho West, W. G. 
McKwr and O. E. Stoltibock, Elec. West, 
vpl, 67. no. 2. Aug. 1, 1931. pp. 68-71, 3 ligs. 
Boiler pressures of L400 lb. are used In now steam 
station of Pacific Glas and Eloctrlc Oo. in Htui 
Frsmeisoo; 100.000 kva. is generated by two 
torb^e-genorator sets rctontly Installed to 
supply mcreasod energy roquirumonts. cf l?ay 
area. 


Dteei vorrosion 

UNDERGROUND. The Electrolytic Oor- 
r^oQ of Underground Metallic Btructures by 
Stray Ourrents, O. M. Longfiold. Jmtln. Engrs, 
At^raha—JL, vol. 3, no. 6. May 10.31. pp. 
157-168, 21 figs. Nature of electrolysis of 
subi^face structures and conditions bringing 
discussion of, field surveys, results 
obtained, and to what extent observed phenom¬ 
ena ^ used as estimation of damogo: 
remarlM about instruments for use in field, and 
in particular of dow speed oscillograph adaptofi 
by autlmr: mltlgative measures are critioiffiy 
" Protoettve coatings for 

Substations 


Radio Engineering 

Bppato^tea ItedloBnglno^g. J. H. Moro. 
<*oft. N. Y., John Wfiey and Sons, 1981. 845 
ppj. lUus.. dlagrsy (dUMPts. ta%8. $3^ 
Lal^tory course in principles of radi : 51 
we Siven. designed to bring out 
cbaracteristto of componcmt parts of receiving 
andigwa^tti^ apparatus, and therolsw 
laboratory apparatus. Eng. 


N^mijeriocl^g on the Toronto. Hamilt< 
and Buffalo at Hamilton. Ont, Rn, Signalir 
vol. 24, no. 7, July 1981. p. 246/6 fl^, O 
plant; nSw cat 
dlstri^tlon constnicted under traffic witho 
stopping train; interlocking machine and towc 

New In^lotfldng for the St. Louis Munlrip 
24. no. 8. Au 

1981. pp. 280-282, 5 to. SlmpUclty of dwa 
arrmigem^tand unique tower aiie features 
Clever electric plant; batted and power root 
relay room* 
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19 X ears' Experience with 
^ Supervisory Distribution Sub- 
stottoM. F. F. AmbuW. Elec. News, vol, 40. 
no. 16, Aug. 1, 1931, Pp. 36-37 and il, 5 figs. 

® WBtem has long realized 
automatic and 
“result, all new stations 
dosignod for either 
control; automatic 

wwrvtoar^. Before 
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remote control. Synchronism 
Checked by Voltmeter, P. M. Lewis. Elec. 
World, vol. 97. no. 23. June 6.1931, p. 1056,1 fig. 
Northwestern Electric Co. completed subsiation 
in business district of Portland which will bo 
remotely controll^ untU station becomes large 
enou^ to re<£Ulro an operator: to save oxpoasc 
of ifiafcAllfag additional control wii'os; sync1u*o> 
scopes: mchronizing switches or syiicliro- 
vei&er relays: special voltmeter coimoctlori for 
decking synchronism between line and bus wits 
made. 

Visicode Supervisoj^ Control. L. J. Clssiia. 
Elec. JU vol. 28, no. 7, July 1931, pp. 424-425, 
8 figs. Visicode providos remote control of 
equipments in several distant stations with 
contanuous indications for each piece of appara¬ 
tus controlled, over only two line wires, and 
also makes possible selective roruotc-moturing 
Indications over same two wires used by super¬ 
visory control, as well as operation of number 
of remote stations in parallel on same two wlrcts ; 
most important feature of vlsioode is that it 
^uces line wire coats to minimum not possible 
with previous thre^ and four-wire designs. 

Switchgear 

METAL-CLAD. Guide for Speciflesition 
Covering Metal-Olad Switchgear. Nal. Elec. 
Liaht Assn.—Pub., no. 149. July 1931, 3 pp.. 
1 ng. Guide is primarily intended to serve as 
r minder of polnte to be covered whon piu*ch^- 
ing equipment and as indication of logical order 
in wmch they should be enumerated: ilvo dirter- 
ent unit standards are presented. 

Synchronizers 

ACTOMATIG. A Thermionic Automatic 
Synchronizer, F. H. GuUlkson. Eire. .11.. vol. 
28, no. 7. July 1931. pp. 421-423, 4 figs. New 
synd^nizer requires out five voiUaiuperes por 
transformer for its oporation. which is well 
witbto limits of energy which can be drawn from 
potential devices, making transformers imnocos- 
sary: this makes imsslble automatic synchroniza¬ 
tion in some applications where it was not 
previously justmed economically: synclironlzer 
uses two tfomionic tubes which, because they 
are In use only during synchronization, have 
life of five to ten years. 


Negative Impedances and the Twin 21-Type 
Bepeator, G. Orison. Bell System Tech. Jl., 
vol. 10. no. 8. July 1931. pp. 486-613. 16 figs. 
Negative resistances and impedances; thdr 
properties and some devices by which they may 
be produced pJiyslcally: certain prop^es of 
negative imp^ancos when used as senes and 
shunt boosters for amplifying speech waves in 
telephone circuits: description of circuit and 
properties of twin 21-typo repeatei*. 

STATISTICS. World’s Telephone Statis¬ 
tics. January 1. 1930. Bell Telephone Quarterly, 
vol. 10. no. 3. JiUy 1931, pp. 138-149, 7 figs. 
Statistical data, tables, curves and maps. 

TESTING. Automatic Testing Equipm^t 
for Trunk Circuits, T. R. Limdlus. Bell 
Laboratories Rcc.. vol. 9, no. 12, Aug. 1931, pp. 
689-.'>92, 2 figs. To make sure that supervisory 
relays aro functioning properly they oxe fre¬ 
quently tested, and since there are large num¬ 
bers of thorn to simplify and quicken proce^ur^ 
automatic circuits have recently been developed 
which operate relays under conditions more 
severe tl^ are ordinarily met in service. 


with use of pivots and jewels for bearings; 
fwftang adopted for obtaining accurately wped 
pivots and for measurement of pivots and jewels; 
method of measuring hardness and determining 
suitable radii of curvature. 


Telephone 

AUTOMATIC. Dial Offices for Small Oom- 
muuitles, F. T. Meyer, Bell Lahoralorics Hcc., 
vol. 9, no. 12. Aug. 1931. pp. 662-566. 6 figs. 
Adaptation of improved telephone oquipmont to 
smimer communfries, ospecmlly those more or 
less Isolated from larger operating centers, has 
been greatly facilitate by development of new 
dial office ofi step-by-stop typo; equipment Is 
described in some detail. 

The Bsrpath Automatic Tolophone, B. P. O. 
Wright and J. H. E. Baker. Po.st Office Elee. 
JBngrs. — Jl., vol. 24, pt. 2, July 1931, pp. 11^ 
124. Bypath system is imiversal automatic 
telephone system employing single mopon 
switches (or nnlsolectors) of simple design; 
development of system has been carried out 
entirely in London and is outcome of unremitting 
research work extending over number of years 
resulting In production of system which, in 
opinion of authors, is superior to other stop-by- 
step systems: in this class It achieves standard of 
effimefioy hitherto unattained. 

DIAPHRAGM MEASUREMENT. Re- 
oenrding Contour Gauge, E. O. Erickson. Bell 
Laboratories Rec.. vol. 9, no. 12, Aug, 1931, pp. 
667-670,6 figs. Equipment for measurement of 
craali^ and adjustment of diaphragm: photo¬ 
graphic record of two diaphragms are given. 

LONG DISTANCE. Spe^ of Service on 
Long Distance Calls, O. Bryon. Telephony 
vol. 101, no, 3, July 18,1931. pp. 26- and »29. 
1 fig. Ave^e time require to complete toll 
esU is 1,6 wn. compai^ vdth eight min. in 
1926; some principles for obtalntog and^ main¬ 
taining speed of service. Paper before Annu al 
Traffic Conference, in. 

RELAYS. Characteristics of, fltrowger 
Belays—III, K. W. Grayblll. Telephone Eiwr., 
yoLfiS. no. 7. July^ mi. pp. 32-33. 3 to. 
Vinous method used to determine mechanical 
adjustment vidues of horizontal relays: ref^ 
once tables governing these values. 

REPEATERS. Bepoaters for Two-Wlre ToU 
Circuits. B. L. Case. Bell Laboratories Bee., 
vol. 9 ^ 0 . 12, Aug, 1981. pp. 10 to. 

q^enty-one type repeater employs but slntfe 
amplifyi^. element aiid is limited in its use by 
requiraneht that lines in opposlto directions 
must each other: employment of balanc¬ 

ing networks* and taro amiMifying element 
SSfiS® iS^broader Spllaabfuty of 2^t^ 
repeater; slmpffied scbSmatle diagran^f 22-A-l 
repeater: ? 10 Bs-lPwoncy characteristi<» and 
gnila-fireqt^cy characteristics of equipment 
described are ^ven. 
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Television 

PICK-UP. Television Direct Pick-up 
Oamora, D. W. Short. Electronics, vol. 3, 
no. 2, Aug. 1931, p. 60.1 fig. Novel method Of 
*'picking up” television images is made pebble 
by m< 3 ans of direct pick-up camera: this deylce 
diffors from indirect pick-up method or so-called 
fiying spot equipment, inasmuch as image of 
poi'son or object being televised is focusM 
directly upon splml number one of scanning disk. 

Transformers 

CONSTANT CURRENT. Simple Auto¬ 
matic Time Control for Oonstant-Ouwent 
Transformers, W. H. Colburn. Elec. World, 
vol. 98. no. 6, Aug. 1, 1931. pp. 202-m, 8 figs. 
Control describe has been devised to meet 
following operating roquiromonts; stwrt at pr^ 
determined time and continue to operate untu 
cut out. at predetermined time: cut out wd 
lock out individual transformer or main brei^OT 
in evont of electrical failure In one or in totality 
circuit; etc. 

EXTINGUISHING COILS. Determtotton 
of the Bating of Extinguishing Coils Which May 
Be Connect^ to Transformers, A. van Gastel. 
Bromn Boor.ri Res., vol. 18, no. 8, Aug. 1931, pp. 
261-259, 14 figs. Design analysis, diagrams, 
characteristics and equations. 

Vacaum Tubes 

CONSTANTS. Grapliical Bepresentation 
of the Thi^ Constants of a TOode, I. Mhira. 
Insl. Radio Enyrs.—Proc., vol. 19. no. 8. Aw, 
1981, pp. 1488-1491, 2 figs. It Is sho^ toat 
three constants of trlode, e. e., amplification 
factor, internal resistance, and transconductance 
can be represented by one point in equilateral 
triangle logarithmically scaled: as 
graph in wmch are plotted constants of 24 kmds 
of typical tubes now used In practise is given. 

PENTODES. Performance of Output Pen¬ 
todes, J. M. Glessner. Inst. Radio Engrs.;^ 
Proc., vol. 19. no. 8i Aug. 1931, pp. 1391-1^, 
17 figs. Comparison ot power output, dis¬ 
tortion, power sensitivity, and a-c./d-c. wwer 
economy of group of experhnental pentodes u 
made with corresponding triodes; apparatus 
and method of measuring are describeiL pen^ 
todes’ a-c./d-c. economy and power sensianty 
is considerably hi^er than ^t of correspondln g 
triodes: harmonic distortion Is found to 
genendly worse with pentodes; variation in 
power output with changes in load resismee, 
arbitrarily called “output distortion.” Is shown 
to be about same for both classes of tubes. 

ULTRA SHORT WAVE. Tuto for 
Generating l8-cm. Waves, Electronics, vol. 
3, no. iVMy 1931. p. 4, 1 fig. Photograph of 
tube used In transmission of radio phone 00 m- 
mnnlcation across English channel by means of 
directive wave of order of 18 cm. published for 
first time. 

VOLTAGE REGULATORS. Tube Voltage 
Bem^tor Eliminated Hun^ , T^denoy, 
P.na. GuUiksen. Elee. World, vdl. 98, no. 4, 
July 25, 1931, pp. 162-168, 2 figs. Thermio^ 
type voltage regulator^fqr d-c. generators has 
recently been developikl, by whlcn anU-hunthig 
force would be proportional to rate of recovw 
of regulated voltage, and must be zero when 
regulated voltagels normal at any genmtor 
load; anti-hunting adjustment riKmld be simple 
and independent of adjustment for regulated 
voltage and regulator response. 

Watt-Honr Meters 

BEAlEUNOS- An Investigation of Problems 
Relating to the Use of Pivots and Jewels In 
Instniments and Meters, V. Btott: Imstn. 


of determining or cheddng dial constants m 
cases where s^-contained meters with dial 
constant equaling one, may be used with currant 
transformers ana then nave new raiutiplring 
constant ai^gned and marked on dial in meter 
shop. 

Waves 

ANALYSIS. High-Voltage S^e Tosttag. 
P. H. McAuley. mec. JL, vol. 28, no. 6. May 
1931, pp. 278-280 and 306, 10 figs. Analy^ of 
laboratory data; Intorpretatton of o^lo- 
grams; time lag of breakdown; obtaining tlme- 
^ curves from oscillograms; laboratory data 
reqidred. 


Welding 

Twenty-Five Years of Electric Welding, P. W, 
Fassler. Am. Welding Soc.—^L, vol. 10, no. 5, 
May 1981, pp. 29-85, 8 figs. Hlstoi^of weld¬ 
ing; ^mdamental thermal and electrical ^ws 
which have vital bearing on design of weldlim 
machines; butt welding; spot welding; relief 
welding; seam welding. 

ARC. Automatic Arc-Wekllnjg: Its Ad¬ 
vantages and Limitations, A. M. Oand^ 

JL. 28, no. 7. July 1981. PP. 416-417. 6 flgB. 
Genend outline of process andTequipment. 

ARC—ATOMIC HYDROGEN. ^,High Ten¬ 
sile Atomic Hydrogen Arc Wolds In Alloy St^, 
P. Ray, Am. welding Soc.—JL, vol. 

11 figs. Welding procedure In making Flmo 
Disc expansion joint which consists of steel 
bellows constructed of corrugated steel discs 
welded together at their inner and outer pe¬ 
ripheries ; properties of weld. 

BOILER MANUFACTURE. Attitude^ of 
Eleven Utilities Toward Welded Boilers. Elec. 
World, Tol. 97, no. 21, May 23, 1931, pp. 956- 
967, 1 fig. N. B. L. A. prime movers com¬ 
mittee has given wdded boiler drums and tubes 
considerable study and A. S. M. B. b^er code 
committee is now engaged in formulating co^ 
that permits such construction; several util^ 
executives and engineering or operating ^P^- 
ment heads were asked three quratioiu timM 
later to ascertain possible trend of welded boiler 
acraptant^ and wso what active coppor^on 
might be expected Dom users in bringing about 
e^e acceptance. 

PIPE LINES. Design for Welded Piping. 
A. G. vnkoil. Am7weldingSoc.—JL,^ 
10, no. 6, May 1931, pp. 26-28, b figs. Standard 
designs for various types of Joints 

- - - ' « •-^-ms; developed by Linde 

i single vee butt welds; 

__ l closed slnflle vm butt 

weld; welded coupl%: butt welcl with thin 
liner; special relnforc^joints. 

Welding Machines 

ARC. The Bwke-Scott Electric Welder. 
Engineer, vol. 152, no. 3939, Jffiy 
48.2i&. iJthouid^ prh^ily Intended for arc 
welding, it may be usm for other purpose tiiat 
can tor stmilar operating cnaraoteristltt; 

may be regaraed as one in whidh mam 
pole parts are split into two parts, one part 
being shunt-wound and other series-wound. 

Welds 

GAMMA RAY ANALYMS. tospectlon of 
Welds with Gamma Bays, G. B. Doanu Am. 
Soc. Steel Treating^Preprintino, 34 tor mtg. 
Sept. 21-26. IWlt 8 pp., 6 
method gives adequate rmlts for mspe<fiiion of 
welds, accordim; to tests made by author at 
ir.f^hig h Univcffc^y; tests on good welds and 
welds revealed each kind taH; not 

were defects plainly yi^le In b^ welto but 
g<^ welds were revealed as sound, in eadi case. 

X,*AX AI4ALXM. 


Welds, H. R. Isenbwer. Am. VVgfJWtf § 

JL, vol 10. no. 6. May 1931. pp. 17-21: 16^ 
tnmection methods and eguiweut of Bt. ^h.. 
X-Ray Service Oorn., New York; diag^ of 
eaqtosure teduiique for small tubinuinspectlon; 
diagram of fluoroscopic x-ray inspeotion; operat¬ 
ing cost Is $8 to S5 per hour, 
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A New Clip-On Ammeter.—Ferranti 
Electrio, Limited, Toronto and New 
York, has developed a new instru¬ 
ment known as the Clip-On Ammeter, 
which may be used for determining the 
actual loading of transformers, for 
balancing secondary transformer loads on 
three-wire services, or for checking power 
consumers* loads. It will also be of value 
to electrical contractors and plant eleo- 
tricians in determining actual loads taken 
by individual motors, or balancing loads 
on different circuits or feeders. It con¬ 
sists of a split-core current transformer 
with the secondary connected to a high 
grade, well damped Ferranti milliammeter 
calibrated for direct reading in amperes. 
The operating handle is well insulated. 
Good accuracy is provided even, at low 
currents because of the low burden of 
the m ter, which is only 0.22 voltampere. 
This is a feature not found in any other 
typ eof such equipment. 

This instrument affords a rapid and 
convenient method of measuring the 
current in any a-c. leads or bus-bars with¬ 
out disconnecting them for the insertion 
of the usual current transformer or 
ammeter leads. The meter has a double 
range, one scale being 0-100 amperes and 
the other 0-500 amperes. A switch on the 
meter changes the reading from one scale 
to the other. The instrument is light and 
can be operated easily with one hand. 

Ohio Brass Promotes H. H. Crow*— 
Announcement has been made by the 
Ohio Brass Company, Mansfield, Ohio 
that H. H. Crow, wilh headquarters at 
the New York office, is now in charge of 
its sales territory in upper New York 
state. He will handle the sale of high 
tension insulators and electrical porcelain 
to the power companies in that locality. 

Oil-Blast Principle Applied to Low 
Capacity Breakers.—^The General Electric 
Company has aimoiuiced a new line of 
triple-pole circuit breakers for outdoor 
service designated Type FKO-60. These 
breakers can be furnished mounted on 
self-supporting steel framework or for 
po^mounting, and for .manually-, sole¬ 
noid-, or motor-operated requirements. 
The interrupting rating is 60,000 kva., 
equipped with blade-and-finger contacts, 
using the plain-break principle of arc 
interruption. Each pole is in a separate 
oil tank. The Types FK0-60B and 
FKO-60C breakers have interrupting 
ratings of 100,000 and 176,000 kva. 
respectively. They have separate oil 
tanks for ach pole and operate on the 
oil-blast principle. An insulating cham¬ 
ber is fitted within each t^nk. In each 
chamber an exhaust port is located ad- 
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jacent to one of the breaks in each phase. 
A pressure is set up within the oil by the 
arcing of the contacts. The only vent 
for tMs oil under pressure is through the 
exhaust port. 

An Improved Type of Switchboard 
Matting.—The Diamond Rubber Com¬ 
pany, Akron, Ohio, announces an im¬ 
proved insulation matting for use as a 
protection to the operators of power 
switchboards, that .is guaranteed when 
tested in accordance with the methods 
prescribed in American Somety For 
Testing Materials Specification D-178- 
24, to withstand the following tests: 
Voltage Test—Thicknesses of l/8^ 
3/16% 1/4** and 3/8** wiU withstand a 
potential of 16,000 volts for one minute 
when tested between electrodes consisting 
of rectangular metal sheets or plates 
9** X 15** in size, or of equivalent area. 
Dielectric Test—^When a section of the 
matting is tested in air between disc 
electrodes 2** in diameter, it is guaranteed 
to withstand the following voltage: 1/8** 
thickness 20,000 volts; 3/16** 30,000 volts; 
1/4** ^,000 volts; 3/8'46,000 volts. The 
matting is made with six laminations of 
high grade rubber, and a ply of fabric to 
give additional strength. 

New Protective Feature for Street 
Lighting Lamps.—The Westinghouse 
Lamp Company announces the develop¬ 
ment and perfection of a protective short- 
circuiting device, the ‘‘Inbuilt Cutout” 
which, supplemental to the regular con¬ 
struction, may be built into the base of 
Mazda incandescent lamps designed for 
biiming on series circuits. In addition 
to the greatOT convenieDoe of relamping 
after burnout, lamps with Inbuilt Cut¬ 
outs possess two notable advantages— 

First, it serves as a completely reliable 
means for quenching the arc which, upon 
burnout of the filament, has ocoarionaUy 
persisted. In rare instances such arcs 
have continued to a point where the 
socket and even the post top has been 
destroyed. Second, beeause it operates 
with lesser variation from designed break¬ 
down voltage than is the oi^e with short* 
circuiting filaments, discs or materials 
heretofore employed, the Inbuilt Cutout 
makes it possible successfully to operate 
small series circuits of only a few Isunps. 
This is sometimes of considerable advan¬ 
tage in supplying street lighting service 
for newly added, outlying territories. 

GQbert Glslason Joins U. S. Magnetic 
Products Corp.—According to a recent 
aimonnoement, Gilbert Gislason has been 
appointed special representative pf the 
Great Lakes District and also in upper 
New York State, for the U. S. Magnetic 


Products Corp., Lock Haven, Pa., manu¬ 
facturers of coil windings, solenoids, 
transformers, etc. Mr. Gislason was 
previously connected with Ahe Easton 
Coil Co., Easton, Pa., and in his new con¬ 
nection he again becomes associated with 
N. L. Dinion. A few months ago Mr. 
Dinion resigned as president of the Easton 
Coil Co., to become vice-president of the 
U. 8. Magnetic Products Corporation. 

Hester Solder Opens Canadian Plant.— 
The Hester Solder Company has an¬ 
nounced the opening of a new plant at 
Brantford, Canada, on September Ig. 
The plant will be operated imder the 
name of Hester Solder Company of 
Canada, Ltd. Other factories arc located 
at Chicago and Newark, N. J. 


i>BiJIe Literature 


Lava.—Bulletin, 24 pp. Describes 
lava and magnesia specialty insulation. 
This material has very high dielectric 
strength and will withstand extremely 
high temperatures. It is widely used by 
electrical manufacturers as an insulator 
in many forms. Lava products are 
produced with the same degree of ac¬ 
curacy and interchangeability as those of 
a screw machine and without the neces¬ 
sity of first making dies or molds. Ameri¬ 
can Lava Corporation, 27 William St., 
Chattanooga, Tenn. 

Motor Starter.—^Bulletin, 4 pp. De- 
soribes a new EC&M oil-immersed 
starter for motors of large horsepower, 
lake the No. 1 type ZO starter, this 
larger starter is a self-contained unit, 
totally enclosed in a heavy pressed steel 
case with oil-immersed main and control 
circuit contacts, and vapor-proof over¬ 
load relays. If desired, installation of 
such starters can safely be niade aloifgsfde 
the motors controlled. The Electric 
Controller & Mfg. Company, 2700 East 
79th Street, Cleveland,^ Ohio. 

Celeron Gears.—Bulletin, 28 pp. De¬ 
scribes Celeron silent gea^ and illus¬ 
trates their application in various types 
of machinery. Continental-Diamond 
Fibre Company, Newark, Delaware. 

Trimming Board.—Bulletin. Describeg 
a new and improved cutter for use in 
drafting rooms, engineering schools, and 
for catting insulating materials or other 
sheet materials. An automatic hold¬ 
down. damp works through the move¬ 
ment of the 26-inoh blade in advance of 
the shearing. No wood is employed in 
the construction, the top being of Bake- 
lite with engravgd <piadratic lines one 
inch, apart over its enrire surface. Bosch 
Produote Company, San JPritno&co, and 
370 Lexington Ave., New'^brk. 
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r LANS already are being made for the 
1932 A.I.E.E. winter convention. (See 
p. 908 - 9 ,) 

Power equipment of unusual design 
and proportions was required for KDKA’s 
new high power transmitter. (See p, 
865-8.) 

Housed in the new Wsddorf-Astori 
Hotel in New York is an electrical pro¬ 
gram distribution system involving many 
novel features. (See p. 895-7.) 

Incbeased attention now is being 
focused upon oil filled cable and upon 
means of simplifying its installation, for 
transmitting electric power at high 
voltages. (See p. 874-8$.) 


I/ISCUSSION on a variety of articles 
published in Elbctrxcal Enoinbsring 
has come to the editor during the past 
month. Some of these may be found in 
this month’s ‘^Letters to the Editor** 
columns. (See p. 909-10.) 


/Abstracts of the eighteen technical 
papers presented at the recent Kansas 
City District meeting are given in this 
issue, in order that interested parties may 
order copies of the complete papers with¬ 
out delay. (See p. 900-S.) 


Reversing the usual order by setting 
up eleotrioed analogies for complicated 
mechanical systems, sometimes provides 
a simpler method of solution for solving 
difficult mechanical problems. (See p. 
86$-5,) 


ITH 25 years* professional engineer¬ 
ing experience in the U. S. A. and a recent 
eighteen-month engagemept in^ r the 
U.S.S.R., a native of Russia gives some 
interesting sidelights on that country’s 
much discussed industrial development. 
(Seep. 883-5.) 
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ErDISON, the newsboy, telegrapher, 
inventor, creator of innumerable devices 
and processes underlying in no small way 
the modem oommeroial and industrial*, 
development of the world, has been cited 
for his Final Reward. TTis life’s work 
had great effect on pure and applied 
sciences. His dominating motive was 
creation. His indomitable will and devo¬ 
tion to his work will stand as historical 
monuments to inspire and to ^courage 
those who follow. The Institate with 
the world monros his^passing. (See p. 

904.7.) 
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Field Studies of 
Arcing Faults on Power Lines 


Experimental studies of arcing faults on a 
75-l<v. transmission system indicate that a 
lightning flashover is most likely to develop 
into a power arc when power current is flow¬ 
ing past the flashover point, when normal- 
frequency voltage is increased, or when line 
insulation is decreased. 


By 
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impulses from a 1,500-kv. Ughtning generator were 
applied to a transmission-line conductor energized to 
ground through a transformer bank. The line insulation 
was such that in every case flashovers occurred at a.pre- 
determined test tower where the amount of insulation 
was varied at will. The length of the transmission 
line beyond the test tower could be changed from a 
few feet to 35 mi.; with the 36-mi. line the total charging 
current of the three-phase line flowed past the flashover 
point, thus simulating a load on the line. 

The curves shown in Fig. 2 give the resiilts of 278 
tests in which the applied 30-cycle voltage, the flashover 
distance, and the condition as to whether or not current 
was flowing past the flashover point were varied. 
The point on the 30-cycle voltage wave at which 
flashover occurred was governed merely by chance. 
These curves show that for a given electrode spacing 
and excitation voltage, power-arc follow-up is more 


A DISCUSSION of the continuity of 
service which can be maintained on a power system 
frequently involves the consideration of power arcs. In 
spite of the acknowledged importance of arcs in the 
operation of power systems, there is but little available 
experimental information concerning the causes of power 
.arcs which follow surges, the characteristics of arcs, or 
the resulting effects of arcs. The results of cooperative 
experimental investigations made by the Consumers 
Power Company, Jackson, Mich., the Ceneral EHectric 
Comply, ^d the joint development and research 
subcommittee of the National Electric Light Associ¬ 
ation and Bell system, to study the character of arcing 
faults are discus^ here. 


likely to occur when current is flowing past the spark- 
over point. The explanation for this probably lies in 
the fact that current is immediately available for 
maintaining the power arc without having to overcome 
the inductance of the circuit. The curves show also 
that for a given electrode spacing, the possibility of 
power-arc follow-up is dependent upon the value of 
normal frequency excitation voltage. 

During 66 of the tests osdllograms of voltage and 
current in the transmission line were obtained, from 
which could be determined the point on the 80-cycle 
voltage wave at which flashover occurred. Results 
of these tests showed that a high percentage of flash¬ 
overs occurring near the 90-deg. point of the voltage 
wave resulted in power arcs. Prom a further analysis 
it was found that this grouping of tests near the 90-deg. 
point was very definite for tests in which current was 
flowing past the sparkover point, but when there was no 


Factors Governing the Power-Arc Development 


current in the line the points were fairly well scattered. 


Operating data presented in the past few years have 
indicated that lightning frequently may cause spark- 
over of transmission-line insulators without producing 
a power arc. Although the spark and the arc are quite 
different in nature, there is no sharp line of demarcation 
between the two, and the transition from one to the 
other is but little imderstood. 

To investigate experimentally the factors governing 
the transition of an impulse fla^over into a power arc, 

_ m 

From **Sxi>erimental Studies of Ardng Faults on a Tr ansmiss i o n 

System.” presented at tbeA.I.E.X. sommer convention, 

Ashevme. N. O.. Jnne 22*26.1931. 



Fig. 1. Diagram of connections used in field 
flashover tests 

Distance D between conductor and tower variably 
line off, switch A was open; wltji line on, switch A was 
closed 
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It is posable that on systems having large connected 
generating capacities carrying heavy loads, with the 
consequent immediate availability of large currents, 
the per cent of sparkovers developing into power arcs 
may be much higher than is indicated by these tests. 

CHABACTBRISnCS 07 POWER ARCS 

In connection with rela 3 nng and short-drcuit com¬ 
putations it is dedrable to know, under certain fault 
conditions, something r^arding the characteristics of 
power arcs. From the results of some 80 tests made 
under various conditions, some information has been 
obtained r^^arding the variations in are resistance, 
wave shape, persistence, length, and voltage. In 
gen^, the arcs were formed in three tsrpes of cir¬ 
cuits—resistive, capacitive, and inductive—at either 
76- or 7.5 kv. and with initial currents varying respec¬ 
tively from 8 to 60 and from 200 to 800 amperes peak. 
Connections for these circuits are rihown in Fig. 8. 
Measurem^ts were made by means of a magnetic 
oscillograph through the use of shunts for current 
measurem^ts and resistance potentiometers of the 
water-hose type having a redstance of approximately 
500,000 ohms for voltage measurements. 

It is known that the redstance of a d-c. arc is not 
constant, but is dependent principally upon the arc 
current and length. Because of the variation in an 
alternating current over a cycle, it is to be expected 
that the arc resistance would vary over a cycle, and if 
the length of the arc changed from cycle to cycle, a 
diange in the limits of this cyclic variation should be 
noted for succeeding cydes. 

Curves of Fig. 4 show that through a cyde, the re¬ 
sistance varies over a wide rai^e, being high for low 



Fig. 2. FIsshoven developing into power are* 

Tests made at various line voltages, with different elec¬ 
trode spadng D> and wrlth and wimout the capacity effects 
of 35-ml. line. Numbersjinder spacing designation indicate 
the number of tests in each group 


values of current and low for hi^ currents. The 
minimum arc resistance for the cyde near the point 
of extinction of the are (28th cyde) is larg^ than the 
corresponding value for tiie cyde near the start. This 
difference arises &om the lengthening of the arc and 
the decrease in current. The curves in' Fig. 5 illusirate 
this change in instantaneous resistance with respect to 
time, and in general show an ino^ase with the passage 
of time until the arc was extinguished. In the early 
stipes of the arc the increase in resistance is caused by 
the Imgth^iing of the arc; as the resistance increases 
it becomes a larger percentage of the drcuit impedance 
and limits the arc current. The decrease in arc current 
still further increa^ the redstance, so that finally 
the arc is extinguished. The curves described are for 
a test made in a resistive circuit and are of the same 
nature as those for the capadtive and inductive 
drcuits. 

The question as to the phase rdation between the 
arc current and arc voltage frequ^tly has arisen. 
Although the oscillograms indicate that for every test 
the arc cmrent and voltage have simultaneous zeros, 
the apparent power factor of the arc may not be unity 
if the variations of arc current and voltage are not 
sinusoidal. analysis of the oscillograms for tiie 
tests in which tiie arc current varied from 8 to 60 
amperes peak showed that the apparent power factor 
of the arc varied from unity near the start to 0.76 near 
the point of extinction. For the high-current tests 
(200-800 amperes peak) the apparent power factor 
was practically unity. 

Changes in wave shape of the arc current and arc 
voltage are attributable to the variation in arc redstance 
over a cyde. Near the start of the arc the resistance is 
not of sufiident magnitude to affect the current, but 
the arc voltage is affected by the variation in redstance 
and tends to become a square wave. Near the point 
of extinction of the arc, where the resistance is greatly 
increased, the current is greatly deaeased and distorted 
and the voltage approaches in magnitude and wave 
shape tiie open-circuit voltage. 

The records obtained when the are was formed in 
the three types of circuits (resistive, capadtive, and 


RESISTIVE CIRCUIT CAPACITIVE ORCUIT 

Sen. 1400 Kv-a ., Trai^ 1000 Kw . Trans, 1000 Kv-a. 37 inl.-S-19 Line 



75000 V. . 
(«) ^ 


Fig. 3. Connections for tests eif arc diAracterlUics 
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DURATION OF ARC ~ CYCLES 


Fig. 4. Relations between arc voltage, current, and resistance for 
a cycle near the start of an arc and for a cycle near point of extinction 


CORRECTION—In the '“resistance” scaling of the center curve, 1000 . 
should read "2000 and 2000 should read 3000 


Fig. 5. Results of arc test in a resistive circuit 

A—Instantaneous resistance for peak voltage 
B—Instantaneous resistance for tail voltage 
C—Instantaneous resistance for peak voltage 
D—Ratio of peak current to peak voltage 


inductive), indicate that only in the case of the capaci¬ 
tive circuit did the arc restrike following the first 
extinction at current zero. Although _ it was not 
possible to duplicate exactly the conditions of wind, 
wave shape, and current for these three types of 
circuits, apparently if arcs are formed under identical 
conditions in these three types of circuits, the capacitive 
arc will show the greatest tendency to persist because 
of its restriking after the first extinction. The explana¬ 
tion for the restriking of the capacitive arc lies in the 
fact that the charge trapped on the equivalent con¬ 
denser in the circuit causes the voltage across the arc 
to rise to twice normal immediately following arc 

extinction. „ . , 

A fairly accurate determination of the length of the 
arc was possible by combining the measurements from 
two motion picture cameras which were set up at nghv 
angles to photograph the arc. Arc voltages 
corresponded in time to the measurements of length 
were obtained from the oscillograms. It was found 
that if the peak voltage per foot of arc length were 
plotted against current, there was a very dehnite 
grouping of the points for currents above 100 amperes 
peak at 300 peak volts per foot of arc length. There 
was no definite grouping of the points for currents 
below 100 amperes peak. 

Overvoltages Due to Arcing Grounds 

"Opinions vary rather widely as regards the maximum 
overvoltages which can be developed on an isolate 
neutral transmission system at the time of an ^^mg 
ground, according to whether such opinions are based 
upon theoretical considerations, on laboratory tests, or 
upon limited operating data. From the tests on a p^t 
of the isolated-neutral transmission system of the 
Consumers flower. Company information on the nature 
and magnitude of.. 3 uch overvoltages was sought. 

In Fi^ 6" is ^hown a schematic diagram of the 75-kv. 


three-phase system utilized. The transformers were 
connected either A/ A or Y/Y with the low-voltage 
neutral grounded or isolated, and the length of line 
was varied up to 134 mi. Faults involving arcs to 
ground were produced on phase M. conductor at differ¬ 
ent points on the line, which was open at the far ends. 
These faults were initiated in different ways and were 
made through both high- and low-external resistances. 
At the time of the fault the phase voltages to ^ound 
and the arc current were recorded on magnetic-type 
oscillographs as previously mentioned. Surge-voltage 
recorders were connected to the three phases at the 
generating end and at the open end of the transmission 
line to supplement oscillographic measurements of 

voltage. j j -u 

The highest sound phase overvoltage recorded by 
the oscillographs in 64 arcing ground tests made on 
the isolated system was 2.8 times normal; the maximum 
surge-recorder measurement was 3.0 times normal. 
In every test the faulted phase voltage was less than the 
sound-phase voltage and in no case were the surge- 
recorder measurements more than 15 per cent higher 
than the corresponding oscillographic records. In a 
majority of the tests the maximum overvoltage occurred 
during the first cycle of the fault and was from 10 to 15 
per cent higher on phase B which led the faulted phase 
voltage, than on lagging phase T. Average values of 
the highest overvoltages recorded during the fault for 
all the tests were 2.36 and 2.13 times normal for phases 
B and T respectively. 

Oscillograms shown in Fig. 7 illustrate the nature 
of the transient changes at the time of a fault as they 
occurred in a large number of the tests. Both the. 
striking and extinguishing of the arc take place accord¬ 
ing to normal (30-cycle) frequency. When the are 
strikes, the faulted phase voltage is reduced to zero 
and a highly-damped standing wave follows the 
ing wave set up on the faulted conductor. This 
standing wave is evidenced by,oscillations in the wave 
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of arc current and in the voltage wave recorded at the 
open end of the line (see oscUlograms 82-a and 82-c). 
Tl^en the fault was at one end of a single-line system 
which waa varied in length up to 94 mi., oscillograms 
showed that the frequency of these osdllations, called 
oscillatory fi^quaicy, corresponded to the free or 
natural period of osdllation of the line. 

It may be seen in Test 82 of Fig. 7 that similar 
oscillations of low amplitude also are present in the 
voltage waves of the sound phases B and T at the 
striking of the arc. These small oscillations, however, 
do not occur at the highest crest of the voltage waves 
and add nothing to thdr maximum values. The 
overvoltage is essentially a fundamental-frequency 
phenomenon and is made up of (1) a change in im¬ 
pressed voltage from that of line-^neutral to that 
of line-to-line without going through an oscillation of 
appreciable amplitude, (2) a d-c. transient which 
shifts the zero of the normal-frequency wave, and 
(8) in some cases a harmonic of lower order. Surge 
recorders testified that no transients of higher magni¬ 
tude were present. In the case of an unstable arcing 
ground, such as that shown in Test 71, the current 
restruck from zero usually every half-cycle, when the 
voltage was equal to or leas than its normal crest value, 
and resulted in no building up of overvoltages. 

A high-resistance arcing ground fault such as an 
intermittent tree ground, even if it pCTsists for some 
time, was found to limit the shift of the system neutral 
and hence to tend to limit the magnitude of over¬ 
voltages produced. The highest measured overvoltages, 
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nearly three i^es normal, occurred for tests on the 
longest line (134 mi.) when the arc happened to strike- 
just beyond the a%st of the voltage waver Changes 
in transformer connections, fault location, and method 
of starting the arc, did not materially diange the 
nature or magnitude of the overvoltages. 
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Why 

Apply Science? 

Most of the material things which man 
wishes to do can be done with certainty 
and repeated with assurance only through 
fh application of scientific information. 
This is tfie fourth article of The Engineering 
Foundation's symposium “Has Man Bene¬ 
fited by Engineering Progress?" 

By 

H. E. HOWE Editor* Industrial and 
Engineering Chemistry 


IFloW OTHER than tiirough applied 
sdence could one discover why dean scab-free potatoes 
can be grown in some fields and not in others? It has 
been learned that the hydrogen-ion concentration of 
the soU is a determining factor, and simple means have 
been devised which enable an unsdentific man to 
make the necessary tests, within limits, and choose 
soil of proper acidity to guarantee scab-free potatoes. 
A very small quantity of selenium in copp^ renders 
the copper less suitable for the transmisdon of electric 
impul^ than if the copper wme pure. Without 
science, how could such a small diffoence have be^ 
discovered? It is a furtha: application of sdence to 
remove effectively the interfering selenium; and a 
still further utilization of sdence to find ways for 
emplo 3 dng the by-product selenium. It is ano^er 
triumph of science that the use of selenium in cerhun 
types ,of glass has given us spectroscopic red glasses so 
necessah'^ for signal lamps which must show red imder 
all drcumstances and to all eyes. 

When, {^dn through applied sdence, it became 
known how to use chlorine for bleaching textiles, it 
was not realized how quickly the chlorine will do its 
work under controlled conditions. Thanks again are 
due to sdence for learning these conditions and for 
detmmining what took place, with the result that imder 
solne drcumstances thorough bleaching can be done m 
45 seconds without detriment to the fiber. 

There are uncounted examples of similar occurrences 
in industry, where a lack of uniformity in finished 
products would be inomediatdy noticeable without the 
control posdble only through applied sdence. Small 
differences in time, in temperature, in velodty, and in 
concentration, make fpr the difference between success 
and faihire.. It is* sdence that determines what these 


limitations are, and again it is sdence that malces 
possible an adherence to a prescribed procedure which 
through experimentation has been found to give the 
desired results. 

When it is remembered that, as Hmdey said, sdence 
is organized common sense, the question “why apply 
science" answers itself. The life of a normal man is 
made up of little conquests with which he always, is 
striving to achieve some objective. Most of these 
efforts involve materials, and it is with these same 
mat^als that sdence concerns itself. 

The chances for having a thing do what one wishes 
are increased immeasurably as accurate knowledge is 
acquired, not only of what takes place, but of just how 
and why events occur as they do. When such details 
are known, happenings often can be controlled to a 
nicety. It is t^ control of natural processes that 
applied sdence makes posdble; without such control 
there is loss, disappointment, and failure. 

Fruitful application of sdence by no means is con¬ 
fined to industry. It has its moat useful work today 
in the field of h^th and disease. There is perhaps no 
organism so delicately balanced as the human body; 
tiie mere differmce of where an atom is placed in a 
molecule leads to so great a divergence in the characto- 
istics of that molecule as profoimdly to affect the human 
body. Adrenalin exists in two forms; one of these the 
mirror image of the other. One molecule may be said 
to be left-handed and the other right-handed. One has 
fifty times the policy of the other. Some of our best 
known germiddes have been devised with a similar 
knowledge of the effect of small differences. Hexylres- 
ordnol is much more useful than would be a com¬ 
pound with five or one with seven of these groups. 

Other examples of comparatively small differences 
are found in carbon monoxide—a subtie, deadly 
poison—and carbon dioxide—a highly useful indus¬ 
trious gas. The difference is a single atom of oxygen. 
Mercury compounds show similar differences between 
the one use as a disinfectant and the oth^ as a medicine. 
So long as such small differences are vastly important 
there is obvious need for the application of sdence, for 
without science these differences cannot be detanmined 
and the resulting information utilized. 

Through its thousands of years, the race has learned 
mudi by bitter experience. However, even in the 
oldest industries, like bread making, tanning, and 
brick making, things have occurred beyond control 
until sdence stepped in to determine cause and effect, 
and to indicate conditions under which control may be 
maintained and success tha^by assured. Most of the 
material things which man widies to do can be done 
with cartainty and repeated with assurance only when 
based upon sdentific information. Progress in tiie 
oldest arts as well as in the newest can be measured 
accurately by the extent to which sdaice ie appH^,.. 

. Editor^s Not t Parffuftnt to the invltatloii of The Engineering Fonndft- 
tion, the editors wiU be happy to receive comments* siiggestiODs* critlclsmst 
or dlscnssions pertaining to this or the other arttries pnbUriied in series* 


November 1981 


861 



Electric Analogs 
for Difficult Problems 

When the mathemaficel solution of a 
problem is so difficult as to be impractica¬ 
ble it sometimes is possible to obtain the 
desired answer from the behavior of an 
analogous electric circuit. This. article 
presenb an analog of ''coulomb friction/* 
and demonstrates the application of this 
analog to the previously unsolved problem 
of the torsional-vibration damper. 

By 

H. H. SKiLLING ^Stanford Univenlty 

AMiMlateA.I.a.]t. Oallfonila 


^^OLXJTION of the equation of motion 
for. the torsional-vibration damper represents one of 
tile mathematical problems which is extremely difficult 
•to solve. Almost endless complications are involved 
on account of the peculiar combination of vibratory 
motion and friction whi<^ the problmn contains. An 
approximate solution can be arrived at by introdudng 
several assumptions, but this is not entirely satis- 
ffictory; in the more intricate cases, approximate 
solutions are of no value at all. In order to predict the 
effectiveness of new designs, mechanical modds some¬ 
times are built and tested. Difficulty often is ^eri- 
enced, however, in the construction of these modds, 
and in addition, the results obtained have been found 
to be somewhat uncertain. 

Ill this artide is proposed a method of solution 
wherdn dectric analogs are set up for tiie various 
^es of mechanical motion involved. An electric 
drcuit can then be set up with constants analogous 
to the mechanical characteristics of the apparatus 
bdng studied. The principal advantage in treating the 
problem in this manner is in dealing with a system 
easily put together and altered, and with quantities 
eadly metered. Although the analogous method in 
g^mral is not new, difficulty has been ^iperimxced pre- 
vioudy in represmting mechanical friction dectric^y. 
In tihe present investigation this obstade has been over¬ 
come by the use of gaseous conduction tubes. 

The torsiot^-vibration damper is in effect a fly- 
whed that fits loosdy on a shaft. A common applica- 

*Wiittea eepedally for Bz*hotbicaii Bnciinbbsiito and the A. f. B. B. 
TBAVsAonomi based upon researeh \rork canied on by the author at 
Massachnsstts Institate of Technology^ dnting 1929-*80. Not published 
in pamphlet form, 
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Fig. 1. (Above) mechanical system schemati¬ 
cally representing the Diesel engine; (below) the 
electric analog of this mechanical system 


tion is on the crank-shaft of a Diesd engine, where th^e 
is danger of torsional stress in the shaft becoming ex- 
tremdy large because the natural frequency of osdlla- 
tion of the shaft may be the same as the firing frequenr^ 
of the cylinders. The damper flywheel is placed on the 
shaft at the point where torsional vibration is greatest; 
it is not keyed fast but turns with the shaft because of 
the friction between the two. When rapid torsional 
vibration of the shaft exists, the friction force is not 
great enough to accderate the flywheel as rapidly as 
the shaft; hence the shaft slips within the flywhed and 
in so doing dissipates soffident ^etgy to prevent 
resonant oscOlation of the shaft. In actual design, 
the damper although simple is not so dementaiy as 
this account has indicated. A detailed d^cription may 
be found in a paper by Den Hartog and Ormondroyd 
(A.S.M.E. Trans., Vol. APM-62-13, p. 133) which 
also treats its action by an approximate mathematical 
solution. 

, With ordinary dry friction—so-called “coulomb 
friction”—which is involved in the torsional-vibratioh 
damper, the frictional force depends upon the nature of 
the rubbing surfaces; also upon the force holding them 
together, but not upon velodty. An dectric analog lor 
this application must therefore produce a constant 
voltage drop, variable at will but indep^dmit of the 
amount of current flowing. 

A mechanical system which is the practical equivalent 
of a Diesd engine may be seen in Kg. 1. The main 
fl]rwbed is Shown at A; moment of in^a of the pistons, 
cranks, and other moving ps^ts <is repiesarted by 
another fl 3 ^heel J8; the damper flywhed yhich £ts 
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loosely on the shaft is shown at C. Input torque from 
the cylinders, which may be considered as a steady 
.torque with a sup«pos^ alternating torque, enters 
the system'at the pistons. Any load on the ei^ne 
will be applied to the left of the main flywheel. 


Table I—Mechanical-Electrical Analogies 



Mechanical duantlliy 

Electrical quantity 


Torque. 



Velocity (angular). 



Displacement (angular). 



Moment of inertia. 

.Inductance 


Blastanoe (torsional). 



Mechanical hysteresis. 



The electrical analogy to this mechanical arrange¬ 
ment is shown also in Fig. 1 wh^e, with the exception of 
friction between the shaft and the dampw flywheel, 
:he dectrical quantities used are as shown in Table I. 
Analogous to the shaft is condenser C; analogous to 
iie piston flywheel B is inductance L. These cooperate 
;o form the oscillating system, ance the main flywheel 
8 so large that for the present it can be considered in- 
inite and therefore impassable by any vibrations. The 
jumper flywheel C is represented by the inductance L, 
3 ut because of its loosaiess on the shaft a shunt must be 
mnnected around the inductance to make the analogy 
mmplete. In this shunt is the apparatus which, to be 
analogous to friction of the flywheel on the shaft, must 
prevent current from flowing until a certain voltage is 
reached, and then i>ermit current to pass without any 
further increase of voltage. 

The peculiar property of constant voltage drop is 
possessed by a mercury arc; it is also characteristic of 
glow discharge imder spedal conditions. For this 
investigation raytheon gaseous conduction tubes were 
employed. Two tubes were used, one to pass currwit 
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FisJ 2. PerFormance curves (or the torsional- 
vibration damper as determined by electrical 
anal sf. (A) With rigid damper sha(t; (B) with 
lastic damper shaft 


in each direction; the voltage drop in the tubes as 
were connected in this case was 86 volts independent 
of current. In series with each tube was a source of 
potential which either added to or subtracted froin the 
85-volt tube drop depending upon other condition. 
For the input to the circuit an alternator was used the 
speed and voltage of which could be varied over an 
extremely wide range; its resistance, together with 
that of the rest of the system, was small. For me¬ 
chanical hysteresis losses in the elastic parts, and for 
any viscous friction that may exist, resistance is 
sufficiently analogous to permit its use. 

The validity of the complete analogy may be sron 
from the differential equations of the two systems which 
are adapted from Den Hartog. For the mechanical 
system, 

^ d* a ^ d* a , . , 

‘Te*’ + 

when the damper flywhed is not slipping, and 

, d* cc , ^ 

I-Tir + ka±T = Msm 
a V 

when this flywheel is slipping. 

J - moment of inertia of system being damped 
I’ - moment of inertia of damper flywheel 
k = elastance of shaft 
ct = flywheel displacement from neutral 
Jf sin «t =• input torque as a function of time 

The analogous electrical equations, when the shunt 
is not working and when it is, are respectively, 

d® q d* g 1 

d* q 1 .- 

+ —q±o = esm wt 

All terms are well known except», the volts^ drop in 
the leak, which is added or subtracted depending upon 
tile direction of the current. The analogy of corre¬ 
sponding terms, displacement, and charge, for ex¬ 
ample, may be seen to agree with Table I. 
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Fig. 3. Electric anal 9 f the torsional-vibration 
damper with elastic damper shaft. Compar Fig. 1 
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• The purpose of making a detailed study of damper 
performance, whethar by mathematics, model, or 
analogy, is to determine whethar a particular damper 
is so p^portioned as to prevent dangerous stresses 
in the ^aft. Momaitary stresses in a shaft are ex¬ 
ceedingly difficult to measure, but the analogous volt¬ 
ages across the condenser in the electric circuit may be 
read quite easily on a crest-reading voltmeter; thus for 
any given combination of quantildes and dimensions 
an indication of maximum stress is obtained im¬ 
mediately by simply reading that meter. 

The crest voltage of condenser C (Kg. 1) is analogous 
to the maximum torque.in the shaft and will be desig¬ 
nated by S', analogous to tihe torque required to slip 
the shaft inside the damper flywhed, is the voltage 
drop in tiie leak which will be denoted by T. Results 
of a study by such analogy may be plotted showing S 
as a function of T, whore curves similar to those of 
Kg. 2 will be obtained. If the value of S at the lowest 
point of the curve represents a safe stress, the damper 
is large enough to be useful; the value of T correspond¬ 
ing to this mi nimum value of S gives the optimum 
adjustment for tig^itness of the dampo* fl 3 rwheel. 

To avoid changing back and forth from mechanical 
to electrical units, it is well to avoid absolute values of 
quantities. Relative values need not be so transformed. 
Let M be the amplitude of tiie alternating input torque; 
mstead of plotting iS as a function of T, S/M may be 
plotted as a function of T/M. This s(ffieme involves 
ndther volts nor foot-pounds but only ratios, the ratio 
of volt^^e to voltage being of course numeric^y equal 
to the analogous ratio of torque to torque. The 
of the dectrical model is equally unrestricted; only 
the proper ratios betweai parts need be specified. The 
frequency of the input voltage is of course the fte- 
. quen<gr causing the most severe stress; in the m'w pio 
mechanical system the midal stress will occur when 
the frequency of firing is the same as the natural fre¬ 
quency of the vibrating system. 

M a ^ical example, assume a damper with moment 
of inertia of the damper fiywheel equal to the moment 
of inertia of the systmn bdng damped. In the analog 
any convenient capacitance and inductance may be 
used to represent C and L (Kg. 1), but they must be 
resonant at some frequen<gr attainable by the altanator 
used for inpta. The inductance L' equal to L is then 
added, and the vacuum-tube leak is connected across 
L'. The input voltage is adjusted to any convenient 
value, and the voltage drop in the leak circuit 
comparatively large (for instance, 15 volts input and 
86 volts drop in the leak). Now, as the frequency of 
the input voltage is varied, the crest voltage across 
condenser C will rise to a maximum and then decline. 
The maximum value of this voltage (In this particular 
case about 208 volts) is analogous to the nna-TimiiTp 
torque in the engine shaft. Dividing this by the maxi- 
murfi value of the input voltage, (about 21.2 volts) 
and the result S/M is about 9.8; divide the 86-volt 
drop also by 21.2 and the quotient, which is 4, is the 


value of T/M. By varying the leak and input voltages, 
enough points can be determined to give curve A of 
Kg. 2. This curve gives the whole story of the opera-' 
tion for this particular damper. Moreover, it gives 
the entire story of operation for all damp^ having 
the same moment of inertia as has the system iwmg 
damped. In present practise, however, a dampv has 
from one-fifth to one-tenth the amount of inertia of the 
system bting damped, and S/M is proportionately 
larger. 

So far, the damper has been consid^ed as being 
applied to the simplest possible vibrating system. T^s, 
simple system may be solved mathematically, although* 
with some difficulty if approximations* are avoided. 
Accordingly, this case was used as a general check on 
the method, and the results were compared with Den 
Hartog’s computed values; agreement was so dose 
as to be within the limits of mcperimental oror. 

Witii tiie more complicated syst^ns, however, solu¬ 
tion by analogy isv of far greater value. Whmi the 
elastance of that part ot the shaft labelled S' (Kg. 1) 
is consid^ed, a mathematical solution is out of the 
question; in the analog a condenser of the proper size 
is amply shunted around L', and the solution is as 
simple as before. The study of this circuit di sc l o se d an 
intaesting and important relationship that previously 
was not recognized. As it is a typical analog, it will be 
used as a further example of the application of the 
method. 

The circuit used with C' representing the elastance of 
the damper-shaft is shown in Kg. 8. The da« taw ce of 
condenser C' must bear tiie same projKirtion to con- 
det^ C as elastance of the damper-sWt does to the 
main shaft. Now as the input frequency is varied, the 
voltage measured across C no longer has one maximum, 
but three. The reason for this is apparent frnm the 
diagram, since there are now two resonant parts of the 
drcuit, consisting of (1) (7 and L and (2) C' and L'. 
At some definite frequency tiie reactance through C 
and L in series is zero; at two additional frequencies 
the reactance of the complete circuit is zero. HowevCT, 
if the natural frequency of C' and L' is Jlie sqme.as 
that for C and L, when the reactance through C and L 
is zero, the r^tance through C' and L' is infinite; 
thus the circuit current under these conditions is sTnall 
and one ma ximum eliminated. The other two maxima, 
one falling at a higher and one at a lower fi^uen<y, 
must be prevented frrom becoming serious by the action 
of the leak. 

Experiments with this second analog showed that 
the damper is much more effective with an elastic 
dampar-sJiaft than it is with a rigid shaft as in the first 
case. Wbrni the damper flywheel has one-fifth the 
moment of inertia of the system bting damped, and 
when the damper-shaft is one-fifth as stiff as the tnain 
shaft, the analog method gives results as shown in curve 
B, Kg. 2. To make due allowance for the light wtight 
of the damp(a', all ordinates have been%iultiplied by the 
ratio of moments of inertia (one-fifth^; this.inakes the 
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curves comparable to those of Den Hartog and Ormond- 
royd if a factor of l/x is introduced into the vertical 
scale. 

Since the’primary purpose of this article is to point 
out the merits of the electrical means of solution, no 
particular attention is given to the mechanical m«its 
of this new design of damper. Certain rdationships 
were discovered by study of the analog, however, which 
seem worthy of mention. The “elastic damper-shaft” 
is not in the nature of a spring, for a diaft one-fifth 
to one-tenth as ri^d as the main shaft of a Diesel 
engine is needed. The torque on the damper-shaft 


never can ecceed T, the slip torque of the damper, and 
the shaft may be designed accordingly. The smaller 
the damper, the more effective will be a proper damper- 
shaft in improving its performance. 

In condufflon, tiie principal advantages to be gained 
by the use of the dectric andog are that (1) it sho\re the 
extent to which an approximate mathematical solution 
may be trusted, and (2) it offers a new method of 
approach to designers of dampars and other frictional 
devices. It is particularly useful in the study of new 
Hoaigna and at present there appears no limit to the pos¬ 
able applications of the method. 


Power Equipment at 
KDKA’s New Station 


By 

R. L DAVIS 

Associate A. I, E. £. 


Westtnghouse Elee. & MflB. 
Oo.» Chicopee Falis* Mass. 


Power for the two new high-power radio 
transmitters housed in KDKA’s new quar¬ 
ters is obtained from a special 1,500-l<va. 

utdoor substation. Included in the 
power equipment is a twelve-phase, 900- 
hw., 30-lcv., mercury-cathode tube rectifier, 
the largest of its type yet built for radio. 


any faulty portion of the loop will be discoimected 
automatically without service intoruptions on other 
portions. From the low voltage side of the trans¬ 
former bank, power is carried to the station building 
over two three-phase 2.6-kv. armored cables laid 
directly in the ground. 

Main Rectifiebs 


The new KDKA radio station at 

Saxonburg, Pa., has been designed not only for high- 
power broadcasting but also for experimental work 
<^Aftliiig with the development of super-power trans¬ 
mitters. Two complete and indepaident high-power 
trmistditters' are involved, both being housed in the 
same building. One of these normally is operated at 
980 kc. using the familiar signature E^KA, while ^e 
other is planned for higher frequency work. A station 
of this nature quite obvioudy reqvured equipment con¬ 
siderably larger than that found in any ordinary broad- * 
casting station. This is especially tiue of tiie power 
supply apparatus, among which the larger of the two 
iflam rectifies is the largest high voltage umt ever 
constructed for such use. 

Power is obtained from a 1,600-kva. outdoor sub¬ 
station about 700 ft. distant from the station bi^di^. 
This substation is fed from a 26-kv. loop circuit with 
relays dnd breakers so arranged that in case of trouble 


Bamd upon “Tfawee Btjnipment at New KDKA Station” (N . ®l^r) 
presented at the A.I.B.B. h^dle Bestem District nteeting, Pittsburgh, Pa., 
MtacbU-43,mi. ^ 


Both mm rectifiers are of the polyphase mercury 
cathode lype and operate directly from the 2.3-^. 
three-phase supply. The larger rectifier has a rating 
of 900 kw. at 30 kv., and employs six 190-kva. single¬ 
phase transformers to provide the proper voltage and 
phase relations for twelve-phase rectification. (See 
Kg. 1.) Special connections are employed on the 
supply side of these transformers, since a Y-connection 
with floating neutral is undesirable for rectifier 
service. 

Three of the transformers are connected in delta and 
the other three are carried across this delta fium each 
apex to tiie midpoint of the opposite side, a tapjped 
primary winding bdng used to give tiie requfred 
voltage relations. All six transformers are provided 
with two separate high voltage windings; these are 
connected to form four Y’s, eadi of which is connected 
to one multi-anode mercuiy cathode rectifier. The 
d-c. outputs of the four tubes are connected in series so 
that while rectification takes place in four three-ph^ 
units, the result is the same as though a single high 
voltage multi-anode tube of twdve phases were‘em¬ 
ployed. Connecting the outputs of the four tubes in 
series in this manner also requires only a moderate 
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inverse peak voltage per tube in spite of the unusually 
high d-c. voltage developed. 

The smaller, or 450-kw. 20-kv. rectifier, is similar to 
the larger one except that only three single-phase 
transformers are employed thus providing for six- 
phase rather than twelve-phase rectification. In both 
cases imtuned filter circuits consisting of large iron- 
cored reactors and banks of high voltage condensers 
are employed to smooth the rectifier output. 

Adjustment of the d-c. voltages developed by the 
rectifia» is accomplished by means of three-phase 
inddction regulators designed to operate over a range 
of 100 per cent above and below line potential. With 
this arrangement the applied a-c. potential thus may be 
varied from 0 to 4.6 kv. Both regulators are motor 
operated and are remotely controlled from the operating 
room. The output of both rectifiers is controlled by 
air-break contactors similar to those used in mine hoist 
control, and which operate directly in the 2.3-kv. 
supply circuit. Both a-c. and d-c. ovwload relays are 
provided to shut down the equipment in the event of 
trouble necessitating the removal of plate voltage. 
For safety to operators the contactor control circuits 
are interlocked through switches on doors giving access 
to high voltage circuits. An oil circuit breaker manu¬ 
ally opmited from the main switchboard also is pro¬ 
vided for each rectifier. 

Mercury Cathode Tubes 

Tubes used in the main rectifier are of the glass 
envelope mwcury cathode type (see Fig. 2) and are 
somewhat similar to ones formwly used for ope'ating 
d-c. series arc light circuits. The tubes are folly 



immersed in oil, each being housed in a separate tank 
and mounted in a cradle by means of which it can be 
rwnoved readily. (See Fig. 3.) All nec^fssary con¬ 
nections are made when the cradle slides into place, 
thus permitting tube changes to be made convepiently. 
For interchangeability, tubes of the same rating are 
used in both main rectifiers. 

In addition to the three main anodes, the tubes are 
equipped with two small sustaining arc anodes, and 
one starting mercury anode. Automatic tilting 
mecha nism s controlled from a push-button station are 
provided for starting the sustai^g arcs. This mecha-« 
nism functions in from one to two seconds, after which 
full operating plate potential may be applied im¬ 
mediately. Very little energy, about 120 watts per 
tube, is required to operate the sustaining arcs. This 
is small compared to the filament heating requirements 
of a filament type tube rectifier for fur nishing the same 
power output. While not conunonly employed for 
radio power apparatus, nevertheless marcury-cathode 
rectifier tubes have desirable characteristics particularly 



in installations such as these where the use of filamen t 
tubes would be prohibitive on account of the number 
required. 

Filament Heating Generators 

In all but very small telephone transmitters, direct 
currmit is required for heating vacuum tube filaments. 
To meet the requironents of both transmitters, a total 
of six motorgenerators woe installed, three normally 
being assigned to the 980-kc. set ahdj^o to the hi ghw 
frequency outfit, leaving one in resmw^. »A ^ew of 
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one of these generators is shown in Fig. 4. Each 
gfcnerator is rated cons^atively at 1,000 amperes 40 
volts d-c., .and is driven by a 75-hp. line-start motor 
operating directly from the 2.3-kv. station supply. 
To reduce commutator noise to a suffidaxtiy low value 
so that no filter is required, the design of these genera¬ 
tors include special features such as large air gaps, 
skewed slots and a large number of commutator 
segments. As an added refinement each unit is 
mounted on a concrete base and the whole assembly 
supported on a cork pad to minimize vibration. 

Interlocks between the tube cooling-water rdays and 
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the filament generator field circuit provide low-water 
protection. A special starting resistance in the field 
dreuit also is intdiocked with the filament mcdtation 
control which prevents a damaging current rush when 
voltage first is applied to the tube filaments since these 
possess only* about ten per cent of normal operating 
resistance when cold. 

Beddes the six filament-heating motor-generator 
units, four 10-kw. 8-kv. d-c. generators are employed to 
furnish plate circuit energy for the smaller intdmediate 
amplifiers and also to provide grid bias voltages. These 
generators have two 1,600-volt commutators connected 
in series, and are provided with filters to reduce com- 
miutator ripple. 

All four generators have one terminal permanently 
connected to the filament bus or ground circuit. This 
is possible since tiie change of polarity necessary wh^ 
changing from plate to grid service can be accomplished 
by simply reversing the exdtation. To simplify inter¬ 
change of connections, a i^iedal bar and plug board 
without cables is used. On the rear of this board are 
mounted vertical .^and horizontal interconnecting bme 
to'whicK tile transmitter circuits and generator tenni- 
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Fig. 4. One o( ihe six 1,000-ampere 40-v It 
generators used for tube filament heating purposes 


nals are connected. Any desired combination of 
connections may be effected simply by plugging through 
the front of the board to the connecting bars. The 
dead front construction virtually diminates live plug 
danger. 

Control EqxnPMBNT 

The entire control scheme for the power equipment 
has been arranged in so far as possible so that in the 
normal course of operation the operator need not leave 
his petition in the main transmitter room. Rtiays 
and interlocking mechanisms are provided so that none 
but the proper sequence of operation is possible. 
Signal lights adjac^t to push-buttons indicate tiie 
state of dreuit relays and response of contactors being 
controlled. Suitable meters inform the operator of 
the operating conditions of all important transmitter 
power circuits. 

All control dreuits and meter leads frt>m the outdoor 
substation to the transmitter building are installed 
underground to prevent possible high frequency effects. 
To avoid an otherwise unnecessary 110-volt battery 
and resulting high voltage drop between the trans¬ 
mitter room and substation, special 400-volt coils were 
used in the dreuit breakers thus permitting their 
op^tion from the station “B” battay. 

Adequate control of the various intermediate ampli¬ 
fier stages requires the opening and dosing under load 
of 3-kv. d-c. circuits. For this purpose a special 
2-ampere contactor was developed having two air 
breaks in series both equipped with magnetic arc 
blowouts. The contactor employs a special mechanism 
to obtain rapid contact travel and wide openings. 

Other Apparatus 

Betides the major power units which have been 
described many conventional pieces of eqmpmmit 
are used sudi as ezdt^, tubp-cooling-watw pumps, 
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bloww, battery chargers, and station service trans- 
formas for the small power units, lights, and heating. 
For simplicity of control and convenience in starting, 
all motors including the 76-hp. units which drive the 
filament generators, are of the line-start type. 

Although one battery will suffice for plate or “B” 
service, since by the emplosnnent of suitable filters it 
can be charged readily while in use, two filament 
batteries are advisable because of the difficulty of elimi¬ 
nating hum from heavy-current char^g apparat^. 
Eadi of these should be capable of handling the entire 
load for one day. Accordin^y, two six-cell, 1,600- 
ampere-hour stor£^ batteries are furnished for &e 
filament supply of the audio and synchronizing equip¬ 
ment in addition to the previously mentioned 400-volt 
“B” battery used for plate supply for small tubes. 
These large batteries sJso supply essential indicalmg 
lamps for the substation circuit breaker control, which 


require continuous illumination in the event of poww 
f^ure. ^ 

In many broadcasting stations the tube cooling water 
is cooled in turn by a system of radiators and blowers. 
At the KDKA station site an opportunity to reduce the 
investment in cooling equipment was presented by the 
natural high level of ground water. Accordingly, a 
(:^all pond was excavated from which sufficient water 
is obtained for cooKng the tube cooling water by means 
of heat inte'changers. 

While commercial broadcasting stations as yet, dp 
not require equipmmit as large as t^at installed in 
KDKA's new plant, actual construction and use of such 
apparatus is necessary before the development of com¬ 
mercial high-power stations can be carried out. It is 
hoped that data can be obtained which will be of value 
not only in the specialized field of radio engineering 
but also to electrical science as a whole. 


Reactance of Lines 
With Ground Return 

By 

J. E. CLEM Geneiral Blectiio Oo., 

Member A.I.B.E. ' Sdieiiectady. Not York 


A N ACCURATE knowledge of the 
z^-phase-sequence impedance of transmission lines is 
necessary for the successful analysis of current flow 
during fault conditions. This factor is becoming 
increasingly important, because the faults which must 
be considered genorally are those involving grounds; 
the use of the symmetrical-component method greatly 
simplifies their calculation. The constant increase in 
size of dectric power systems, and in demand for 
reliability in service, necessitates an application of 
suitable relays determined largely upon knowledge of 
current flow during fault conditions. Therefore it is 
becoming increasingly important that the value of 
ZQX>-pha6e-sequmice reactance be accurately known. 
The zero-phase-sequeace reactance of transmissibn 
lines is the reactance of the three line conductors in 
parallel with a groimd return. The two main problems 
in *the determination of this quantity are the mathe- 


From '^Keaetanoe of TranBirdaBtom lines with Ground Return** (No* 
31 . 04 ) presented at the A.1.B.B* Middle Bastem District meetfngt 
P^bnrgh. Pa., March 11*18, HSBl. 
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Charts have been prepared which make 
possible the fairly accurate determination of 
the resistance and reactance of the earth 
return circuit. These values, together with 
the usual line and ground wire self-induc¬ 
tances, may be inserted in a simple formula 
to determine the positive or zero-phase- 
sequence impedance of the complete circuit. 


matical analysis of the circuit and the determination of 
the ground return impedance. 

Equations have been developed for the impedance of 
a circuit consisting of any number of line wires in 
parallel and a return path thxov^h ground alone or 
through ground and any number of ground wires in 
parallel. The application of these equations, however, 
is contingent upon a knowledge of the impedance ctf a 
single conductor with ground return. The impedance 
of such a circuit varies with several factors, chief of 
which is the distribution of &e current in the return 
path below the surface of the earth. While this is 
largely dependent upon soil conditions, it obviously 
will vary with the locality and terrain. Hence, fidd 
tests have been made to obtain^ experimental data to 
use in predicting ground impedanc , and to (heck .the 
theoretical anal 3 ^s. 

EKXrmCAL ENCINiSilUNG 



CiEcixnT Analysis 

The analysis of the circuit is very simple although it 
involves such factors as the self-inductance of the earth 
patii and the mutual inductance between a wire and the 
earth, which usually have been considered as fictitious 
quantities. By prop®* manipulation, however, the 
equations can be made to take on a real and definite 
form. For the anal 3 rBis as given here it is assumed that 
the line wires are transposed so that the same current 
flows in each of the conductors. It is assumed also that 
'the spread of the current in the earth is such that its 
mutual effect on all the line conductors or ground wires 
is the same within the usual horizontal spread of line 
conductors. Tests show that the error from this k»urce 
issmall. 

Consider the circuit shown in Pig. 1. The impedance 
of such a drcuit in this analysis is defined as the ratio of 
the applied voltage, £?««, to tiie total current 1. The 
current flows from the generator out along the line wires 
to the point of fault and back to the generator through 
the ground and ground wires in parallel. The effect of 
the current in the ground ■wire is simulated by a pseudo 
conductor imbedded in the earth and assumed to have 
a sdf-inductance of its owm and a mutual reactance witt 
the real conductors of the circuit. The depth of this 
flggnmpH conductor below the surface of the earth, and 
its effective diameter, arenotof interest for this analysis. 

Starting from the generator, the voltage of tiie 
circuit is made up of tiie voltage drop firom the generator 
through the ground to tiie point of fault and the voltage 
drop along one of the line conductors from the point of 
fault back to the generator. The voltage drop in any 
conductor of a circuit is made up of the voltage drop 
produced by the current in the conductor and ite own 
self-inductance, and the voltage drop induced in the 
by the current in other conductors through 
the mutual inductance. This may be written in tiie 
form of an equation; unfortunately, however, such an 
equation would contain the self-inductance involving 
the earth. This usually is said to be impossible of 
separfrte determination. If tiiis sdf-inductance is 
combined with the mutual inductance between the 
earth and the line wire, or ground wire, reactance 
quantities are obtained wWch are real and whidi can be 
determined by measurwnent. 



Fig. 1., Fun^Jemental citeuil of line wires, gr ond 
wires, end ground 


of the conductor itself and does not depend in any way 
upon other conductors in the ndghborhood. For 
mutual inductance another factor of course is required. 
If the current returns through the other conductor, the 
voltage drop in the first conductor is J (L — M). This 
quantity (L — M) usually is known as reactance. It 
can be determined by test or calculations either for a 
one-way conductor of a circuit alone or for both in 
series. 

By the proper combination of resistances, reactances, 
and mutual inductances, the following expression for 
total circuit impedance can be developed; 




wt— 1 
2m 


( 1 ) 


where 

Z„f + Ztf — Ztv 

iu#w 9 


( 2 ) 


and 

Emn = circuit voltage 

I = current as indicated by subscripts. Lack of 
subscript indicates total current 
Z - impedance as indicated by subscripts 

M = mutual impedance, as indicated by subscripts 
m = numb^ of line wires 
w - number of ground wires 
g = subscript indicating ground 

0 = subscript indicating ground wire 

w = subscript indicating line wire. 


3 

S 
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Fig. 2. Redttanee of the return path through the 
earth for different value* of earth conductivity X and 
height f |ine 
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Fi9. 3. Reactance of the return path through the 
earth for different values of earth conductivity X and 
height of line 


The zero-phase-sequence impedance enters into the 
calculations of ground fault currents as a quantity 
which operates on the zerorphase-sequence current. 
This current is equal and in the same direction in all 
three line wires and is one-third of the ground fault 
current. Accordingly the zero-phase-sequence im¬ 
pedance of a transmission line is the quantity obtained 
by multiplying by three the value of impedance given 
inequation (1). 

The equations for the current in the ground wires may 
be developed from the fact that the ova-all volti^e 
drop from the generator through the ground to the 
point of fault outside the earth, and along the ground 
wire to the point of fault must be equal. The resulting 
equation is 





Zai — 


St— 1 

2n 


(3) 


To check the analysis field tests were made on four 
power systems fsu^tated by the use of a test wire 
parallel to the transmistion drcuit. These tests were 
made both with and without a ground wire and defi- 
nitdy indicate that the analysis is correct within a few 
per cent in all cases. 


Ground Return Impedance 


The successful application of the mathematical 
analysis depends upon a predetermination of the ground 
return impedance. The main problem in the calcula¬ 
tion of ground fault current and the division of the 
return current between the ground wires and ground is 
the predetarmination of the impedance of the funda¬ 
mental circuit contisting of the conductor with ground 
return. 

- For many years it was customary to consider the 
earth as a perfectly conducting plane. All the reactance 


was assigned to the conductor and the corresponding 
distance to the ^'neutral plane” was calculated. This 
gave effective conductor heights up to sevavd thousand ‘ 
feet and a wide variation was found, so that no good 
method of predicting the impedance of the circuit could 
be built up. 

The calculation of the impedance of the fundamental 
circuit made up of a conductor with ground return 


Table I—^Test Values of Earth Conductivity 



Reactance per mile ^ 


System or location 

Line 

Barth 

X X 

PP&L. 

.0.976- 

.0.499.. 

.... 1.8 

Oonsumers. 

.1.069_ 


.... 42.7 

Appalachian. 

.0.970_ 

.0.434.. 

.... 3.3 

Alabama. 

.0.984- 

.0.724.. 

_ 0.065 


OroasKeys^...42 

Glens Falls^.175 

Massilon^. 36 

Cross Key^. 33 

Va S.-Oan«la*.200 to 0.1 

Vicinity Obicago^. 0 

Bastem Texas.126 

West Virginia. 66 

Penn.—^Maryland. 0.5 

New Jersey. 9 

New Jersey. 30 

OHIO.100 

Utah.30 

Minn. 10 

Indiana. 30 

Maryland. 8 

New York. 15 

Penn. l 

Penn. 10 

Wisconsin. 1 

Tenn. l 

Ga. 0.3 

in. 60 

Near Ottawa. 6 


Oklahoma...^ .100 

Alabama. 5 


1. Gilkeson and Bowen* A. 1. B. B. Tbans.. Oct* 1930, p. 1375. 

2. B. P. Pedc, Dlscossion, A. I. B. B. Tbakb., Oct. 1930. p. 1379. 

3. B. B. King. Discussion, A. I. B. B. Thaws.. Oct. 1030, p. 1379. 
Values given are average of more than 30 tests and the statement Is made 
that 75 per cent of the values of X are in the range from 100 X 10*'^ to 
10 X 10-^^. 

4. This and all the values following given through the courtesy of the 
Joint D R Committee sponsored by the A. T. & T. and NBLA. 


requires a study of the distribution of the current in the 
ground. A solution to this problem has been given by 
Carson in 'the Bell System Technical Journal, October 
1926. With some modification the expression developed 
by Carson states that the total impedance of the drcmt 
equals the resistance of the conductor plus the reactance 
of the conductor plus the impedance of the ground 
return. The reactance of the conductor is calculated as 
if the return conductor were below the surface of the 
ground a distance equal to the height of the conductor. 
In othar words, it is the one-way reactance of the con¬ 
ductor with image return. 

The impedance of the earth Zg in the solution worked 
out by Carson depends upon the conducl^vity of the 
earth, the distance from a condudtor,.to its image, and 
thefrequ^cy. From these variables an^ ail additional 


870 


El«()TRltAD ENOmBERING 

















































factor dependent upon the configuration of the con¬ 
ductors, two values may be obtained from previously 
prepared tables which give directly the value of the 
impedance of the earth. A sufficiently accurate result 
for ordinary purposes, however, may be obtained from 
the curves of Figs. 2 and 3, based on Carson^s formula 
with some simplification. 

To apply this method it is necessary to have some idea 
of the values of the conductivity of the earth, since that 
is the final variable. Test values of earth conductivity 
are given in Table I. They apply to specific tests, but 
may be used to estimate the vdue of earth conductivity 
for other regions. The striking thing about this data 
is the wide variation in earth conductivity for a rela¬ 
tively small variation in ohms per mile impedance. 

Fortunately, it is not necessary to know the value of 
earth conductivity with any great degree of accuracy 
to determine within a reasonable degree of accuracy 
the impedance of a transmission line with earth return. 
An error of 1,000 per cent, ten to one, in the value of 
earth conductivity will give about 30 per cent error in 


Circle Diagrams 
for Short Lines 


When once constructed, circle diasrems 
furnish the means by which many phases of 
transmission-line performance can be 
checked quite readily. A method is given 
here by which the center loci are deter- 
giined. for a large number of short-lines 
wher capacitance may be neglected. 

By 

T D OWENS Case School of Applied 

Circle diagrams for traasmissioii 

Hn off serve two general purposes; they furnish a 
on long and laborious calculations, and in addition 
present a visual picture of the problem which mathe¬ 
matical solutions fail to give. Furthermore, when 

■ • 'W 1 ' ' " 

Written gpedally fo^ Elbotbicai. BwoiHMMNa, Not PublUheA in 
pimphletfcrm. 


the earth reactance, which reduces to about 13 p®* cent 
error in the reactance of the circuit of conductor with 
ground return. The relative error dwindles furtha’ 
when the line reactance is in series with transformer and 
generator reactance. 

In solving any particular problem it is necessary only 
to select the most probable values of earth conductivity 
for the line in question and then read off the unit values 
for ground resistance and reactance for the proper value^ 
of averj^e height of line. These values in the proper 
relation to the test or calculated values of conductor 
impedance then can be inserted in equation (1) to pve 
the impedance of the total circuit. The value of 
impedance for the various conductor groupings can, of 
course, be obtained by the customary method. 

For values of earth conductivity at frequencies other 
t-han 60 cycles, the curves of Figs. 2 and 3 can be applied 
an effective bright equal to the square-root of the 
ratio of the actual frequency to 60 cydes. The values 
read from the curves also must be changed frx>m 60 
cydes to the actual frequency by direct proportion. 


once constructed, such diagrams yield solutions for a 
laige number of posrihle operating conditions with 
very little added work. For problems such as &e 
det«mination of synchronous condenser cap^ty 
required for constant-voltage operation and stability, 
this feature is extremely valuable. 

In the following discussion the visual conception 
and interpretation of the circle diagram is extended to 
indude in addition to the usual factors involved, the 
effects of conductor rize, ^>adng, and length. Tie 
method is particularly advantageous for use with 
rixort lines whetrin capadtance is small. While tMs 
method can be used also for long lines, it loses its 
directness and generality in such cases, and much 
additional calculation becomes necessary. The ^t- 
ment th^iefore will he restricted to the case of negli^blo 
capadtance. 

Symbols used throu^out the entire discussion are 
shown in Table L 

Table I—Symbol* 


Pb • In phase receiver power per phase in kw. 

011 m Quadrature receiver power per phase in kva. 
J5b « receiver voltage to neutral in kv. 

Eb * qf^r>dtng voltage to neutral in kv. 

r » conductor resistance per nt in Ohms. 

X conductor reactance per mi. in ohms. 

s » conductor impedance per ml. in ohms. 

« s « length ot one conductor in ml 
/ fte<ia«ncy to 

D •• conductor spacing in to. 
a m conductor area in dr. mQs. 

p* *m resistance of conductor in ohms per mll-ft. 
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*The well-known general equation for the drde 
diagram is as follows: 


_ 

Eb*S!*«* 


10 * 


( 1 ) 


This equation represents, for a specific line, a set of 
concentric circles the radii of which are dependent 



Fig. 1. General cirde diagram (or transmission 
lin neglecting capacitance, where I and m are as 
shown in equations (2) and (3) 


upon the ratio of sending to recdving voltage. The 
cent» of all the circles does not coincide with tiie ori^ 
but may be placed in the second quadrant at a point 
such as c in Fig. 1. The coordinates, I and m, may be 
seen from equation ( 1 ) to be: 



( 2 ) 

X 

and -77 10 * 

(3) 

• 

If the circle radius be denoted by n, then 


EslO* 



(4) 


Prom equations (2), (3), and (4) may be semi that 
the coordinates of the center c of the family of circles 
and their radii are dependent, upon the values of r, *, 
and 8 . These constants in turn are functions of the 
conductor dze, spacing, and length. The usual 
formulas for redstance and reactance per mile may be 
written thus: 


6280 p ^ 

r =-ohms per mi. 


(5) 


/ 2D 10* \ 

X = 2 tt/ ( 741.1 log ,0 + 80.47 ) 10-* 

2670 D ^ 

== 0.00466/ logio-=— ohms per nu. ( 6 ) 

y/ d 

The constants I, m, and n now may be written in terms 
ofo, 8 , andl>. 

5280 p 10 »_ 


I 


0 8^5280 + ^0.00466/ logi« )* ] 


(7) 


/ 2670 D \ 

(0.00466/logi« ; 10* 


m 


8 ( 6280 -^ )* + ( 0.00466/logi« ] 


( 8 ) 


EbW 


n = 


Et,s^ (6280 (O.00466/logio 


( 8 ) 

To determine how the locus of point c is affected by 
any one of the three variables a, s, or D, let two remain 
fixed while the third is allowed to vary. In Fig. 2 
the distance 8 is arbitrarily taken as 10 mi. and the 
frequency / as 60 cycles. By takii^ a senes of .fixed 
values of D and plotting the locus due to variation in 
conductor area for eadi, a set of curves is found of 
which F h is an example. 

Similarly by taking a series of fixed conductor areas a 
and allowing the sparing P to vary, another set of 
loci is obtained as illusfrated by GH. Thus for this 
particular line of 10 -mi. length the center may be 
located for any sparing and conductor area if a suffi¬ 
cient number of curves are plotted. "While the centmr is 
varying in podtion due to a and D, the radius n also 
is affected. From the geometry of the figure 


oc = V^ + w*— = ■ ( 10 ) 

Z S 


Prom the ratio of n to o c in equations (4) and (10) 


Es 

n « -rT^ OC 


(li) . 
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The length of the corresponding radius for any portion 
of e is therefore equal to the distance from c to o multi> 
plied by tixe voltage ratio. 

With the construction as outlined the diagram is 
general in regard to voltage. Once En is chosen the 
scales on the two coordinate axes l^ome directly 
proportional to the quadrature and in phase receiver 
power. Eb is determined of course by the volti^ 
ratio selected. 

To determine how the diagram can be adapted for 
values of s other than that for which the diagram is 
drawn, (10 mi. in this case), it is necessary only to 
examine eqiiatioiis (2), (3), and (4). These equations 
show that for a given set of values of the constants 
r and x, or a and D, I, m, and n vary inversely as s. 
Therefore if a diagram for a line of 20 mi. is desired it 
is necessary only to divide the distances I, m, and n 
by two. An equivalent process which avoids the con¬ 
struction of a new set of curves is to divide the scales 
on the axes by two. In general then for any length s' 
the scale readings on the axes should be midtiplied by 
lO/s'. 


As an example of the use of the chart, consider a 
transmission line with the following data: 

line voltage = 110 kv. 

Spadng “ 16 ft. 

Conductor size = 360,000 cir. mils 

Length = 20 mi. 

Suppose that the corrective kva. at no-load is to be 
determined assuming a voltage ratio of 1.1. The drde 
drawn in Fig. 2 represents this case. The intercept* 
on the horizontal axis is 12.6 units lagging. Then for 
a length of 20 mi., 


Qb 

Er* 


12.6 X 


10 

20 


10 / 110 

Q. -i2-6xio-x(:;^) 

- 25,200 kva. per phase 

Other applications of the chart to practical every day 
problems can be shown to be equally timple. 



Fig. 2. Center loci for circle diegnms with typical line pr blem soluti n 
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Simplicity and 

Economy of Oil Filled Cable 


Oil filled cable has been developed for 
successful use at the highest operating volt¬ 
ages. Attention now is being focused on 
the economies of oil filled cable systems 
and on means of simplifying their instal¬ 
lation, with a resulting freedom from failure 
due to mechanical causes. The three arti¬ 
cles which follow the short introduction 
below, discuss these factors. 

C^URINGi the past four years lat:ge 
installations of 132-kv. oil-filled cable and others of 
lower voltage rating have been placed in service. The 
electrical performance of all of these installations has 
been outs^ding and each successive installation has 
r^resented an improvement in the way of simplifica¬ 
tion and economy. For ratings above 70 kv., oil filled 
cable is superior to the solid type in every respect; and 
it appears that the rating of oil filled cable can be 
extended to 220 kv. when required. 

The term "oil filled" as applied to impregnated papm* 
cable is understood ordinarily to indicate a cable in 
which the impregnating compound is of such viscomty 
as to be fluid at all operating temperatures. Such a 
cable must be constructed to permit free passage of the 
oil longitudinally and radially, and must be connected 
to a suitable oil supply. To keq> the hydrostatic head 
of the oil from becoming excessive, oO stop joints must 
be inserted in the cable. 

When properly constructed, such a cable system 
presets a niunber of advantages over solid cable. The 
free ebb and flow of the saturant removes the dang^ of 
heat expansion and consequent formation of bubbles or 
voids in the insulation under repeated load and tem¬ 
perature cycles. The deterioration of insulation is no 
longar an important factor to contend with, hisd^^r 
operating temperatures may be used, the voltage and 
current ratings may be increased considerably, and the 
thickness of insolation may be reduced. For a given 
size of duct more power can be carried. The dielectric 
loss of oil filled cable is quite low and there have been 
no indications of an increase in loss with time and ser¬ 
vice. Flaws and defects in the lead sheath result 
mer^ in a slow leak^ of oil, which can be located and 
repair^ at any convenient time. In solid cable the 
first warning of such defects is electrical service failure 
caused by the entrance qf^oisture and air. 

m 


In addition to improved characteristics of oil filled 
cable, the cable accessories have been devtioped so that 
the installation and operation of cable S 3 rstems has been 
considmably simplified and the cost reduced. This 
reduction in the difficulty of installation m of contid^- 
able importance and should do much to make the use 
of oil fiUed cable at the higher voltages widespread. 


Economics ot 

High Voltage Cable 

Gireful studies have been made of the 
economics of the various types of cables 
for application in the Chicago district. The 
conclusions resulting from these studies are 
surprisingly definite, and indicate the trends 
in high voltage cable practise, especially as 
relating to the oil filled type. 

By 

D. W. ROPER Oommonwealth Bdtoon 

Fdlow A. I. B. E. Oompany, Obloago 


G^IL filled cable for operation at 
132 kv., placed in service in Chicago in 1927, was 
designed in 1925 to have the largest carrying capacity 
commercially feasible for that voltage in tihe state of 
the art as it thmi eristed. In the ensuing years im¬ 
proved oil and new designs of oil supply tanlm simplified 
the design of the terminal to tiie extmt indicated in 
Fig. 1; shipping the cable full of oil and the development 
of methods of making joints on the cable full of oil 
reduced the factory cost of the cable and the cost of 
installation in the fitid; successful operating experience 
on low^ volti^ cables with devices and methods for 
diminatihg sheath losses had removed the limit ati on 

on the economical size of the conductor. As a result 

' •, • 

From '^Economics ot High Yoltage Oable** (No.*31*10$) ^preaented at 
the A. I. B. E. mxnmsr conyeatioii, Asheville, N. O., Jun%22*26, C031. 
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of these devdopments, a second line was installed in 
1930 in the same conduit as the first line, having a 
carrying capacity 75 p^ cent greats* but at 20 per cent 
less cost. These two cables are iUustrated in Hg. 8. 

While the design of the line installed in 19o0 was 
under consideration a number of other questions regard¬ 
ing underground transmisdon in the Chicago district 
arose, as follows: 

1. Wbat is the ma.xiinxim economical size of single-conductor cable for 
connection between the 12-lnr. bus and a 60,000-kva. transformer bank? 

2. Is there any economy in the use of oU filled cable for 6d-kv. service? 

S. What is the mayimuni load per line that can be carried on 132-lnr. 
oil-filled cable in 4-inch ducts? 

4. Oan 220-ky. cable be obtained if desired, and what will be the 
approximate cost? 

It therefore was decided to review for Chicago con¬ 
ditions the entire subject of high voltage cable so that 
in addition to answering these questions, it would be 
possible to determine what changes in existing practise 
were indicated by recent developmoits. 

Preliminary c^culations on typical cables in use in 
Chicago indicated wide differences in the rdarive 
amounts of the various items ento-ing into the initial 
cost and annual charges; and further, that the cable 
with the lowest total annual charges might not alwaysbe 
the one with the lowest first cost. Accordingly the 
plan was adopted of calculating curves showing, for 


cable. The annual charges include the cost of failmra, 

maintenance, insulation loss, sheat oss, copper o , 
depreciation, and interest and taxes. 

The calculations were confined to cables for tiie trans¬ 
mission voltages in use except that, with some ins¬ 
tance from the manufacturers. 220-kv.axh\ev,asMil 

In determining the size, type or voltage of ransmnion 
cable, due consideration should be given U) the effect 
on the entire system of generation, transmission and 
distribution of which the cable is to be a part. 

As the remve initial and annual costs of various 
types were desired, it was considered more importont 
that the unit cost figures be tbe same for all calculations 
than that they should fit any particular case. Accord¬ 
ingly the same physical constants, unit costs, and con¬ 
ditions were used throughout the calculations. Among 
the factors investigated which affect initial and annual 
costs were eliminatioii of sheath losses on single-con¬ 
ductor cables, dielectric loss, maximum permissible 
operating temperature, load factor, and improvement 
in power factor of the system due to the charging 
current of the cables. 

A study of the curves leads to the following conclu- 


1. The most cable for a slven set of conditions uboulti b<r 

determined by eonsfderhig the total annual cliargos, rathor than the 
cost. 



Fis. 1. The electrically heated terminal and oil reservoir tower of the 132-kv, cable line itislalled tn 1927 
is shown on the left, while on the right is the outdoor terminal of the 132*l<v« line instelled In 1930 


Chicago conditions, the variations of the initial cost and 
annual charges for the entire range of commercial 
sizes so as to determine the most economical trans¬ 
mission voltage and type of cables for various Chicago 
conditions. These curves are given in Figs. 2 and 4. 
The investSnent *costs include labor and supervirion, 
cdnduits aaid manholes, joints and accessories, and 


2. Tto mchaton the tenulnal tihaivcMi nuOuw but lUght dUrnranM in 
MWiw of ^ ^ou. ITOOB and voltuw* of raibln. Thin Indlcntm 
1^ 1^ r^t^o o^of taie varlons tyzMs and voluutut of cabin would b« 
alt^ ^ by MsnnpUons somewhat dIRoront from thiao und 

in the ^eolations. 
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^ Three-conductor cables are the most economical for loads up to 
about 50*000 leva. For the upper half of this rang . three-conductor, 
50-lcv,. oll-flUed cable is the most attraettv . but reyilros larger ducts than 
are nowln ordinary use. 

e. For loads above 60,000 kva. per Une, single-conductor cable should 
beused. 

7. The eUmination of sheath losses by the use of i nsulatin g ioints and 
bonding transformers permits the efficient use of large single-conductor 
cables between the i2-kv. bus and transformers for high voltage lines. 
The reduction in annual charges is indicated In Fig, 5, 

8. For cable to operate at 66 kv„ a moderate reduction in the cost of 
oil-ffiled single-conductof cable and In the cost of the loints and accessories 

'would bring the oil filled type la competition on a cost basis with cable of 
the ordinary tyi>e. 

9. For loads of the order of 100,000 kva. per line, oll-flUed, 68-kv., single- 
oondnotor cable is preferable to the ordinary type when the overall diameter 
of cable is limited by the size of the ducts in esisting conduits, 

10. There is no economy In i82 kv, for tle-llnes between stations 
in Chicago until the reaulred carrying caiMtcity exceeds 125.000 kva. per 
itwft In BO far as carrying capacity erf the cable is concerned, there is no 

for IncreaidTig the transmission voltage above 132 kv. until the 
required capacity per line exceeds 260,000 kva. 

11. The cost of cable for 132 kv. and higher voltages will probably limit 
ts use to underground extensions, within large cities, of long overhead 
anuisinission lines from distant stations. 



Fis* 2. Relative investment costs o( underground 
lines, excluding terminals 

One cable per duct; 6 to 10 identical cables per con¬ 
duit Minimum cost for 12-lcv. three-conductor cable 
assumed as 100 per cent 


12 . As the fixed charges are about three-fourths of the total annual 
charges, the best way to reduc annual charges is to reduce first cost. 

In detennining the best transmission cable for a given 
purpose, the dedsion should not be restricted by pre- 
conceiv^ ideas of the relative importance of trans¬ 
mission voltage, dielectric loss, skin effect, maximiim 
efficiency of insulation, Kelvin's law, the size or number 
of ducts in the conduit, or other physical laws and 
constants; but, by taking all such subjects into con¬ 
sideration, the type, size and voltage of cable and. 
conduit details should be determined so as to secure the 
lowest fiTimial charges for the given conditions. 

Comparison of iNSiUiATioiJ 

At current prices and with the thicknesses of insula¬ 
tion now specified by the manufacturers for the various 
operating voltages, 66-kv., three-conductor, oil-filled 



Fig. 4. Relative annual charges (or underground 
lines, excluding terminals 

Annual load Factors: 12 to 33 kv., 45 per cent; 66 to 220 
kv., 60 per cent. Minimum charges for 12-kv. three- 
conductor cable assumed as 100 per cent 



l^ig. 3. The 132-lcv. oil-Alled cable (or the 
lOS'OOO-kva. line install d in 1927 (I (t) and (or 
the 188,000-lcva. line installed in 1930 (right) 



Fig. 5. Effect o( sheath losses on annual charges ( r 
single-conduct r cables. Load (actors anch vertical 
scale sam as (or Fig. 4 
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Fig. 6. Typical power-factor curves for 132-l(v. 
oil-filled cable subjected to dally load cycles with 
maximum copper temperature of about 70 des. cent. 



Fig. 7. 600/*000-cir. mil commercial cable on the 
left and 475/000-eir. mil experimental cable on the 
right, both f r same ampere capacity at 132 lev. 


cable is the most economical type for loads ranging 
from about 25,000 to 48,000 kva. For loads ranging 
from about 48,000 kva. to 120,000 kva. per line, single¬ 
conductor cable with the ordinary type of insulation is 
the, most economical. A reduction of about 10 or 15 
per cent in the cost of oil filled cable and a reduction 
of about 30 per cent in the cost of the accessories for 
this type of cable would place the oil filled t3rpe in price 
competition with the or^nary type over this range of 
loads. Further reductions in the price of oil filled cable 
and accessories will be necessary in order to place it in 
competition with the ordinary type of insulation for 
lower voltage cable. 

*As indicated by Fig, 6, investigations on oil filled 
cable with reduced thickness of insulation, operated at 
132 kv., show no adv^e changes in the insulation as 
determined by power-factor measur^ents afto* oper¬ 
ating for eight months with daily load cycles. Ap¬ 
parently the thickness of insidation now used for this 
voltage could be reduced safely. Present information 
indicates thht the thickness of oil filled insulation for 
.132 kv. may be fletermined by the transient voltage 



Fig. 8. Installation of equipment for eliminating 
sheath losses on 132-kv., 188,000-l<va. cable 

Left—Normal cable joints before fireproofing 
Center right—Insulating joints In cable sheaths 
Lower right—Bonding transformer for reducing sheath 
voltages 


disturbances rather than by the normal stresses due to 
the operating voltage. 

A reduction in the present thickness of the insulation 
of oil filled cable appears warranted by the ranarkable 
operating record of the installations in this coimtry, the 
record being that there have been over 250 mile-years 
of operation of the cable without any failures of the 
insulation. A similar record has bem made by one 
make of 66-kv. cable with the ordinary type of insula¬ 
tion. This should indicate also the reasonableness of 
reduction of the ordinary type of insulation for 66-kv. 
cable. 

Whether the oil filled type will displace the ordinary 
type at 66 kv. and lower voltages, or the ordinary type 
compete with the oil filled type at 132 kv., depends on 
the relative rates of improvement and reductions in 
cost of the two lypes of insulation with unrestricted 
competition. 

Present indications are that the maximum t«npera- 
ture limit for high voltage cable may be imposed by the 
limitations of the lead sheath rather than by the proper¬ 
ties of the insulation. It appears i)ossible that the 
advancements in the art in the next ten or fifteen years 
will permit the insulation thickness for 132-kv. cable 
to be reduce from 719 mils to 500 mils, and the maxi¬ 
mum temperature to be increased from 65 deg. cent, to 
80 deg. cent. Fig. 7 shows the extent to which the 
diameter of the cable would be reduced by these 
changes. 

When all the research investigations now in progress 
or contemplated by the utilities, universities and 
manufacturers have been brought to a successful con¬ 
tusion the following results should have been attained: 

1. Cables of all types and voltages will be operated at a mazlmiun 
temperature of 85 to 90 deg. cent, without fear of deterioration. 

2. The expensive* oU reservoirs and accessories on oil filled cable will 
be eUmlnateddue to: 

(a) Increase In the elastic limit the cable sheath. 

(b) Reduction in the thermal coefficient of expansion of the oU. 

(c) Making the insulation somewhat compressible under moderate 
pressures yriwtiTig; with the lead sheath. 

8. An installation of oil filled cable will be no more complicated than a 
preset-day installation of ordinary t7i>e of cabl . 
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2. Gable of aulmoniial auality will be eliminated by tests at the factory. 

5. The initial cost per leva, of 66-kY. cable complete installed will 
1|^ from 80 to 40 per cent below the present cost of the ordinary type. 

6. Gable faflnres due to all causes will not exceed one per 100 miles 
per year. • 


If all of these results should be achieved within the 
next fifteen years, it would be no more startling than a 
statement of the present day state of the art would 
have appeared fifteen years ago. To keep pace with 
the advancements being made by the manufacturers, 
the utilities must improve their standards of design 
and workmandiip. 


Layout of 

Oil Filled Cable Systems 


given to the problan of oil supply includii^ the rate of 
expulsion and absorption of oil by the cable, oil pressure 
drop along the feed channels, total expulsion or ab^rp- 
tion of oil between the extreme limits of no-Rad winter 
temperature and full-load summer temperature, and 
tiie characteristics of available reservoirs to take care 
of volumetric changes in the oil caused by tbese fluctua¬ 
tions in temperature. 

Typical oU dmand curves of the cable, upon the 
sudden dropping of load, are shown in Fig. 9. Cable 1- 
hs s an inside diameter of core of 0.6 in. and a copper 
conductor cross-section of 600,000 cir. mils, with ^. 
over-all diametw of 2.84 in.; while cable % has an inside 
diameter of 0.5 in., a copper cross-section of 475,000 
cir. and an over-all diameter of 2.8 in. The 
measurements were made for two different oil pressures 
maintained in the hollow core as shown. Measurements 
of oil demand when the same load is applied also were 
taken, but the two sets of measurements coincided so 
closely that the latter data will not be given. The 
fact that these measurements coincided indicates that 
voids were not formed when the load was dropped. 


Problems concerned with the supply of oil 
largely govern the layout of oil filled cable 
installations. Consideration must be given 
not only to the characteristics of the oil it¬ 
self, 'but also to certain properties of the 
cable and duct structure governing the 
volume and pressure of oil required. 

By 

G. B. SHANKLIN 

Member A. I. E. S. 

Both of 

F. H. BULLER General Electric Go., 

Member A. I. B. E. Scbeneetady, N. Y. 


Ffg. 9. Curves of (1) 
oil demand, (2) copper 
temperature rise, and 
(3) sheath temperature 
rise, after dropping 
load. Calculations are 
shown by curves, and 
test results by points 



Requirements which must be met 

in order that the operation of oil filled cables be success¬ 
ful include the following: 

1. A stable non-freezing oil of superior dectrioal properties. This oil 
should have predetermined viscosity characteristics that give assurance 
against void formation in the cable cross-section and excessive loss of 
pressure along the feed channels. 

2. The wood pulp paper shall be of high qtiality» compactly and unir 
formly applied, and of predetermined density. 

8. All impurities suCh as moisture and gas. both free and in solution, 
shall be removed from the cable during manufacture, and from all aooes- 
sofies and fittings during instoUaUon. 

4. Posittve pressore be maintained at all times inside the entire 
length of cable and other parts of the oil system. 

6. The oil pressure should never exceed the safe working limits, deter¬ 
mined by the mechanical strength of cable sheath and*acoe68orl6s. 

In laying out the most effective and economical instal¬ 
lation of oil filled cable, primary consideration must be 

l^m **Oharacterlstics of Oil Filled Gable*' (No. 31-97) presented at the 
A. I. E. B. sumsnst convention, Asheville, K. O.. June 22-26.1931. 


Also, if voids had been formed, the demand measure¬ 
ments with low oil pressure would be less than with the 
hig h pressure. As indicated in Fig. 9, tiiese measure- 
m^ts were identical. Also, the tiieoretically,calcu¬ 
lated curves of Fig. 9, based on the assumption that no 
voids w^ formed, are in almost exact agreement witii 
. the test measurements. 

Oil pressure drop along feed chaimels and piping 
during periods of ofl flow can be calculated with accept¬ 
able accuracy only when the inner surface is smooth and 
cylindrical, and the rate of flow is less than turbulent. 
The friction factor can be calculated to allow for surface 
which are not smootii, when a spiraled supporting 
member is used, but it is usually necessary to confirm 
such calculations by test. 

The total oil required is a direct function of cable 
length and the two extreme limits of tonperature met 
with in service. For underground cable tiie^ limits 
are usually assumed as 0 deg. cent, no-load winter 
temperature, and 70 deg. or 76 d^ cent, fvfil-load sum- 
m^ temperature. The total oil re<fuuem«int» can be 
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calculated on this ba^. Usually 40 per cent over the 
theoretical requirement is added to the reservoir capac¬ 
ity as an emergency surplus and to safeguard against 
possible discrepancies in calculations or wrong adjust¬ 
ment of reservoir content. For typical single-conductor 
and three-conductor cable, the total oil requirement 
based on the theoretical value plus 40 i>er cent varies 
from 0.5 gal. to 2.0 gal. per 100 ft. of cable. 

The types of oil reservoirs which have proved most 
useful and desirable for oil filled cable installation are 
the gravity-feed res^i^oir and the balanced-pressure 
■reservoir. These res^oirs are identical in design and 
construction with the exception that the outer rigid 
enclosing tank of the gravity-feed reservoir is open to 
the atmosphere through a breather, maintaining practi¬ 
cally constant atmospheric pressure on the oil. On the 
other hand the balance-pressure reservoir has a sealed 
gas-tight outo: tank, maintained under variable gas 
pressure. Both types follow the established principle 
of segregating and sealing-off the cable oil system 
against exposure to gas or other impurities. The 
gravity-feed reservoir must be elevated of course above 
its surroundings and in locations wh^ elevation is 
undesirable or impractical, the balanced-pressure type 
may be used. These are adjustable so that units at 
different rievations can be made to work together. 

In addition to the four factors discussed above, deal¬ 
ing with oil supply, thwe are a number of othw charac- 



Fig. 10. Effect of dropping half load from six cables 
in duct bank. Based on winter conditions of 0 deg. 
cent, ambient earth 


teristics which must be known before an oil filled cable 
installation can be laid out properly. One of these is 
the steady and transient thermsd characteristics of the 
cable and surrounding duct structure, curves of which 
are given in Fig. 10 for cable 1 pfeviouriy described. 
If full load on the .cable had been dropped, the ma xim u m 
rate of oil supply would have been greater than when 
dropping hgif load as in Fig. 10; however, the maximum 
pressure drop wogldliave be^ less. This is accounted 
for by tte diffgrwice in oil viscosity. 


All of the necessary factors for cable 1 have been 
described and we» are now in a position to lay out ap 
actual installation. The contour of the duct run, 
spacing between manholes, dimenrions of manholes and 
other practical considerations will determine the best 
and most economical layout. Pressure drop along the 
core, minimum oil pressure at high point, maximum 
pressure at low point and othw factors will determine 
the location of oil stop joints and the type of oil feed 
for each section between stop joints. Two typical 
sections will be selected for discussion. 

First, assume a duct contour as shown in Fig. 11, 
with stop joints at position 0 ft. and 3,000 ft. The 
sheath of cable 1 has no reinforcement and steady oil 
pressure at the lowest point (1,500 ft.) must not exceed 
15 lb. per sq. in. Also it is dedrable to avoid eitha* a 
steady or trantient oil pressure lower than atmospheric 
at any point in the oil feed system, consisting of 
reservoir cells, piping, stop joints and cable core. From 
the previous work it is Imown that the total rated oil 
capacity of the reservoir units for this length of cable 
is25gal. 

Balanced-pressure reswvoir feed obviously is out of 
the question, since the hydrostatic pressure from posi¬ 
tion 0 to 1,600 ft. is already the full allowable 15 lb. 
If gravity-feed units are placed at position 0 ft. and at 
an elevation slightly above the stop joint, the minimum 
pressure in the cable core when full and half-load are 
dropped in the winter-time is shown by curves 1 and 3. 
Both of these curves intersect the cable contour, and 
the oil system beyond these points of intersection would 
be at a pressure below atmospheric for several minutes. 
If the gravity-feed reservoirs are raised to sufficient 
height as shown by curve 5, this condition could be 
avoided; but this solution is not desirable since instead 
of mounting the reservoir units directly in the manhole, 
it would mean an expensive reservoir housing above 
ground level. Also, safe working pressure of 16 lb. 


Fig. 11. Typical sec¬ 
tion of cable with 
feeder and pressure 
reservoiR 



Feeder reservoir rated 25 gal. 

Pressure reservoir rated 3 gal. oil, 15 gal. gas. 

Curve 1—Pressure curve while full load is dropped in 
winter, feeder reservoir only 

Curve 2—Same condition as Curve 1 with feeder-pressure 
reservoir combination 

Curve 3—Pressure curve when half load is dropped in 
winter, feeder reservoir only * 

Curve A —Same as Curve 3, with feeder-pressure reservoir 
combination 

Curve 5—^Same as Curve 3, shows height to which feeder 
reservoir must be raised to avoid vacuum at the far end under 
all conditions 
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Fig. 12. Typical seetl n reduced to a minimum. Stop joints should be used 
f cable with balanced merely for segregation, since the advantages gained are 
pressure res rvoir nullified by the additional expense and liie limited 
Oil volume— amount of reservoir oil available for emergency use in 

10 s«l. each reservoir case of accidental leakage. 

Gas volume— 

41.6 gal. upper reservoir 
54.0 gal. lower reservoir 


Accessories for 


would be receded at the lowest point of cable contour. 

The real solution is to leave the grayity-feed units at 
stop-joint level and connect a small pressure reservoir 
at the low end of the section. This pressure reservoir 
functions only during transient periods of temperature 
change and during these periods assists in maintaining 
cable core pressure within prescribed limits. Curves 
2 and 4 with pressure reservoir connected show the 
improvement in pressure characteristics accomplished 
by the addition of this small imit. 

On level groimd or where the profile of a given 
section is such that the feeder-pressure combination 
just described cannot be used without resorting to 
expensive mounting of reservoirs above groimd level, 
the so-called balanced-pressure feed proves very eon- 
veniait and economical. Fig. 12 shows a 2,500 ft. 
section of cable line having a contomr that can be taken 
care of most conveniently by balanced-pressure feed. 
In all other respects the assumptions are the same as 
outlined for Fig. 11. The total rated oil capadty is 
foimd to be' 20 gal. This should be divided equally, 
one 10-gal. balanced-pressure unit being placed at each 
end, the relative elevations of these reservoirs being as 
shown in Fig. 12. 

The gas capacity of these units and their initial 
volumetric and pressure settings are so selected that 
each reservoir t^es care of exactly half of the cable 
section. Also, the pressure at the highest point in the 
oil s 3 retem must never drop below 1 lb. above atmos¬ 
pheric, and the pressure at the lowest point must neva* 
m:ceed 15 lb. 

The pressure along the cable core under various 
limiting conditions is also shown. It will be noted that 
dropping either half-load, or merely dielectric loss in 
the winter and full-load pressure in the summer repre¬ 
sent the extreme limiting conditions. 

There are many factors that detmnine the best and 
most economical syston of oil feed and general layout 
of oil filled cable installations. The best system might 
vary ansnvhere from a stop joint and reservoir in every 
ma^ole, where very rugged contour is encountered, to 
complete exclusion of stop joints on level ground. 
Generally speaking, the use of stop joints should be 


Oil Filled able 

The development ol more satisfactory cable 
joints, terminals, and reservoirs has greatly 
simplified the installation of oil filled cable 
and increased the reliability against me¬ 
chanical failures. 

By 

R. W. ATKINSON 

Vdtow A. I. B. B. 

Both of 

D. M. SIMMONS Gonoral Cable Oorp.» 
PeUow A. I. B. B. New York. N. Y. 


Parallel with the development of 
an oil filled cable for high voltage use, notable progress 
has been made in securing the simplicity of ins^ation 
afforded by the ordinary tsrpe of cable. This factor is 
of considerable importance to the general use of oil 
filled cable for high voltages, as the difficulty of install-' 
ing the earlier system handicapped its use considerably. 
A background of very successful practical exp^ence 
now has been secured with the newer and simpler 
types of joints, terminals, and accessories. 

The fimdamental features about whidi tlus system 
has been built are: 

1. Shipmeat of cable filled with oil, and without field evacuation and 
refanpregoatlon. 

2. Stop joints of moderate size and cost, and a rapid and reliable 
technique of installation, making practicable oil feed lengths as idiort as 
desired, 

8. Reliable ofi feed system, Including compact designs of expansion 
oil reservoir with oil volume indicator, and an- automatic signal system 
designed to give to oil filled cable the same superiority over solid type in 
freedom from service failures due to most types of mechanical causes that 
it now enjoys with respect to electrical trouble. 

4. For mnltlple-oonductor cable, provision of oil Ifii the filler 

spaces, making the system equally applicable to slnkle-conductor and 
three-conductor cables. 

»„ - - - - - - , „ ,1 ^ m H I I ^1 - — . 

From **Ofi Filled Cable and Accessories'* (No. M«100) presented at the 
A. I, B« B. summer convention, Asheville, N^ O., Jnne 22k2d,*10Sll. 
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The cross-section of single-conductor IS^-kv. cable 
in Mg. 13 shows the oil channel which is provided in the 
center of liie conductor and also a number of longitudi¬ 
nal slots in the inner surface of the sheath which are 
sometimes provided to facilitate the flushing out of 
the last traces of air by passing degasified oil radially 
through the insulation. In all cases, the cable is com¬ 
pletely dried and impregnated in the factory afto* lead¬ 
ing, and shipment and installation without loss of oil 
is made possible • by special pressure transportation 
reservoirs. 

' A cross-section of the oil supply reservoir is shown in 
Pig. 14. Thi§ reservoir is of the simplest t 3 T)e possible, 
with a single-unit metallic bellows enclosed in gas- 
tight metal casing. Severe tests have demonstrated 
these units to have a cyclic life far in excess o’ that 
required in service. The oil supply is contained in the 
bellows and pressure is maintained by gas in the outer 
casing. A light compression spring sufficient to over¬ 
come the inherent springiness of the bellows is used to 
supplement the gas pressure, and insures the oil pres¬ 
sure being always higher than the gas pressure, so that 
in case of a bellows leak the oil will leak outward into 
the gas instead of gas passing into the oil; and in addi¬ 
tion, the bellows will be gradually compressed to the 
point wh^ the low-volume contactor will operate. 

Low-pressure and low-volume oil indicators are 
provided to operate mercury-tube contactors connected 
in the signal system. These signals are transmitted 
to a conveniently located control board whidi is 
equipped with a simple bridge by which the predse 
location of the trouble may be determined quickly. 

Condenser Joints and Terionals 


reported. By providing substantially uniform distri¬ 
bution of stress longitudinally it makes possible the 
use of the vay simple "stop tube” arrangemept. This 
construction reduces the joint insulation in the Add to 
little more than a simple assembly process. In addition 
to the barriai'-type terminals which have been used for 
a number of years on many commercial installations up 
to 66 kv., and on experimental lines up to 132 kv., 
taminals using the condenser prindple are available 
also for the higher voltage. 

The great problem in taminal and joint deagn is to 
prevent concentration of longitudinal stress in the 
naghborhood of the edge of the sheath, and to secure a 
substantially uniform potential gradient along the 
surface of the cable insulation between the conductor 
and the sheath. This latter factor is complicated by 
the fact that papa: insulation has a low didectric 
strength longitudinally in comparison with its strength 
radially. 

For some time it has been recognized that stress dis¬ 
tribution by means of a series of capacitances would 
be a complete solution for alternating potentials, but 
difficulties in the details of the practical application of 
this method have prevented its extensive use. These 
difficulties now have been overcome and two designs 
developed fully utilizing the condenser principle. In 
the design first produced commercially, and used for 
both joints and terminals, the condensers are annular 
and mounted on a tube which slips over the exposed 
end of the conductor insulation. The construction 
of a terminal of this type is shown in Fig. 15. Similar 
principles are used suOcessfully in the design of joints. 

New Construction More Economical 


The large increase in dielectric strength for a given 
thickness of insulation resulting from the use of oil 
filled cable has greatly increased the difficulty of pro- 
Hucing satisfactory joints and terminals for use on 
commercial lines, and has resulted in the adaptation of 
the condenser type of construction to this purpose. 

The development of a reliable and comparatively 
inexpensive stop joint, moderate in size and simple to 
inst^, is a most important feature of the oil filled cable 
system. The availabi'ity of such a joint simplifies the 
problems of oil feed, and of effective sectionalizing as 
r^^ards oil supply. This joint utilizes ihe condenser 
principle, and in addition to effecting reduction in space 
r^uir^»its ova* earlier stop joints, it has shown 
electrical strei^h in excess of anything previouitiy 
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A new form of construction has been perfected 
recently which is much lower in cost and which for 
joints has displaced entirely the earlier one. In this 
design, shown in section in Fig. 16, the condensers take 
the form of a nest of concentric metal cylinders A insu¬ 
lated from each other by saturated paper. At the ends 
of these cylinders are radial sections B, which are in 
effect conducting^ disks, terminating at their inner edges 
in short cones C which control the longitudinal distri¬ 
bution of voltage along the exposed cable insulation. 


sruL U¥ir- 



Ff^. 14. Pretfure type variabie-volum oil reserv ir 
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The capacity between successive cylinders and thdr 
^rresponding potential is controlled by varying the 
insulation thickness between th^, or by the use of 
several cylinders connected in parallel as shown at D. 
The angle of the conical portion is calculated to give 
substantially uniform potential gradient between adja¬ 
cent cones, and to prevent concentration of stress at 
the inner edges. This angle is smallest near the end 
of the and increases toward the center of the 

joint. 

In practise, the complete group of condensers is built 
up as a separate, sdf-contained unit. A long strip of 
papw is wound on a tube of rigid insulating matoial 
referred to as the “condense:’ tube’’ thin sheets of metal 
being inserted at appropriate intervals to form the 
cylinders A. The inner cylinder is connected to the 
cable conductor through a metal ring inset in the tube, 
and spring contactors mounted on the splice connector. 
The cones C and disks B are formed by winding on 
with the paper, narrow metal tapes fed from spools 
which move longitudinally to the axis of the joint to 
produce the desired taper. When the winding is 
fiwishftd the complete unit is incased in a thin sheet of 
corrugated copper, vacuum dried, and then saturated 
with insulating oil and tiie casing sealed, thus forming a 
compact unit which can be easQy handled and install^ 
by simply slipping it ovw the joined ends of the 
cables. 

The longitudinal stress in the oil films between the 
condenser tube and stop tube, and between the stop 
tube and the conductor insulation, is controlled by the 
condenser construction and by the angle of taper used 
on the conical metal socket into which the stop tube is 
moimted at the outer end. With very thin high- 
strength cable insulation, howev^, the radial stress on 
the film within the stop tube may be excesave. To 
prevent this, it is ordinmily found desirable to build up 
the conductor insulation with a tube of impregnated 
papa* slipped loosely over the end of the cable and 
tightened up by twisting. In this way the radial stress 
in the oil films may be kept well below that which will 
produce ionization. This same construction is used 
also with excellent results in non-stop joints and in 
tominals of both the barrier type and the condenser 
type. 

Increased Longitudinal Strength 

By this construction it has been possible to obtain 
substantially uniform longitudinal distribution, of 
stresses. The limiting feature of deagn has become 
the actual longitudinal strength of thin oil films and of 
the impr^nated pap^ in a direction parallel to its 
laminations. In earli^ designs of joints and terminals 
it had not be^ possible to develop this stiength, and 
consequently th^e has been very little previous work 
t 9 determine spedfic values of electrical strength in tins 
direction. For this reason a large number of tests has 
been made on laboratoiy samples simulating the con- 
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ditions found in the condenser unit and using oil fihns 
approximatdy 1 mil thick. When tested at 20 lb. 
per sq. in. gage pressure, a lon^tudinhl strength of 40 
to 60 kv. per in. was indicated. No reduction of 
strength with time of application of voltage was ob¬ 
served. Breakdown voltage was rou^ly proportional 
to the square root of the distance between electrodes, 
and to the eighth root of the absolute pressure. On 
completely assembled joints having a total of 14-in. 
longitudinal creepage distance, tests have been made 
up to 800 kv. for approximately dght hours without 
failure, and proportional results have been obtained on 
smaller joints. 

In earlier designs of joints and terminals for very high 
operating voltage, the difficulty with concentration of 
stresses increased with increased voltage, so that a 
small increase in voltage necessitates an entirely dis-. 
proportionate increase in dimensions. As a result, a 
rather definite limit was established beyond which 
further increase in voltage was impracticable. • *With 
fhe uniform distribution provided by Ihe condenser 
construction, increase in voltage merely requires a 
proportional inorease in the number of condmiser steps 
and the design of joints and t^minals for any detired 
voltage for which cables later may be built becomes a 
simple matter of adjustment of dimensions. 

These developments have made possible a unified 
cable system combining the inherent advantages of the 
oil filled principle with certain features which contribute 
greatly to simplicity and rdiability. These features 
indude ease of installation, efficient sectionalizing, and 
providon for prompt detection of oil leaks or abnormal 
pressures. As a result, freedom from dectricakfrdlure, 
which is diaracteristic of oil filled cables, may be 
expected to be matched by freedom from seistice fafiures 
due to most of those mctemal and mechanic^ cau^ 
which result in failures on the present solid syst^ns. 
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The Transfer 
of Skill to Russia 

A native of Russia, speaking the language 
and familiar with the customs and habits of 
its people, the author has come to the con¬ 
clusion that Russia's principal problem in 
her industrial development is one of 
manag ment. On the basis of 25 years of 
professional engineering experience in the 
U.S. A. and a recent 18-month professional 
engagement in Russia, this conclusion has 
been reached. 

By 

WALTER N.POLAKOV Oonsultliig ludustiial 

Engineer. New York 


TO ACCOMPLISH the gigantic and 
ambitious program of changing within perhaps a few 
years the most backward country into a modem 
industrial land of Soviets is the aim and determination 
of the mass of the Russian population. The leaders 
of that country are charged wiih this tremendous 
responsibility and millions, of workers, communists, 
and ordinary citizens are watching sharply every step 
toward the fulfilment of their Five Year Plan. 

Last Febmary the Conference of the Industrial 
Executives passed the resolution to accomplish this 
task in four years instead of five, and in the mom 
ossautial industries in evm three years. The speed of 
this,progre^ was made the essence of the program. 
Stalhi pointed out that in the past, Russia was d^eated 
constantly because of its alluring richness and defense¬ 
less badkwardness. Another reason for this accdiera- 
tion is the due need of consumers’ goods such as cloth¬ 
ing, shelter, and food, the shortage of which may be 
endured by the hardy and fatalistically inclined popula¬ 
tion for just so long, but not indefinitely. The third 
reason for this unheard of speed of devdopment may 
be found, although it never has been admitted, in the 
psychology of the population. Four himdred years of 
de^tic monarchy, browbeating offidals, and economic 
davery to landlord resulting in a low standard of 
living, were blended gradually with the pasdve davic; 
almost oriental easy going dow tempo of the primitive 
agricultural life, so that in order to take the population 
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out of this static inertia and accelerate it nothing but 
this kind of complete change to the great speed of 
preplanned activity would do. 

The slogan “catch-up with, and overtake the leading 
industrial countries” coupled with the ambition formu¬ 
lated on banners and posters throughout Rusda calling 
the people to become the “leaders of the world” gives 
them the courage to live in the anticipation of better 
days and eader life after the Five Year Plan is com¬ 
pleted. 

Meanwhile, they need machinery and the skill to 
use it. To build plants and factories and to open up 
the mines is relatively easy. To be sure, one needs 
cash or credit for the purchase of equipment, and as 
this must be bou^t in Europe or America, it involves 
export for exchange of Russian goods for foreign 
equipmmit Since the world-wide industrial and finan¬ 
cial crisis the prices went down, but the terms of orders 
previously placed remained. H^ce, Soviets have to 
export more than they had planned in order to pay for 
the equipment tmder contract. This is obvious, and 
the people must put up with shortages of every kind 
at home. 

Yet what is not so obvious is that after factories are 
built and machinery installed, goods must be produced. 
This constitutes a real problem and a particularly grave 
one under the drcumstances. 

COMPETBNT MANAGEMESm' NEEDED 

Nowh^ in the world is the old adage that, “large 
plants and perfect equipment is of no avail without 
proper management” as glaringly true as in Rusda 
today. Since production rate depends primarily upon 
organization for. execution of plans, it requii^ the 
executive direction and managerial skill and the 
technological knowledge and habits of modem industry. 

In U.S.S.R. is found a remarkable political organiza¬ 
tion, but industry and politics are not congruent. To 
organize a revolution demands different qualifications 
from those necessary to organize production. The 
leaders of Russian development begin to sense this fact. 
Stalin bluntly points out on various occasions that 
his comrades fi^ed to learn the technique of produc¬ 
tion managem^t. He made this point very clear when 
the last year’s records were announced, showing a 26 
per cent increase of production, an unprecedented rate 
of growth, instead of the expected 31 per emit. This 
year’s plan anticipates a fu^er 41 per cent increase 
in production. Nev^apers are full of apiieals and 
warnings. Recmitly correspondmits tcom. Moscow her¬ 
alded Stalin’s new economic policy with the center of 
gravity shifted from construction and machinery to 
the operation and human elmnent. This was inevi¬ 
table. In our pmsonal experience, a well equipped, 
fully manned machine tool plant raised its output 
more than 400 per cent in a few months by introducing 
the sdmplest methods of modem technique of manage¬ 
ment. 
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What does it haean and what is the cause of it? 

On the surface, it mesuis that young Russian industry 
<^uld save 75 per cent of the investnoent in new plants 
and factories if the other 26 per cent were managed 
properly,' or that it could produce at least four times 
more on investments. But is this m«^y a theoretical 
consideration or is it a practical, immediate posability? 

In the past, the extent of Russian industry was 
insignificant when compared either with the natural 
resources of the country or with its present extension. 
This meant a relatively small numba: of ^gineers and 
executives. Many of that munber are not available 
at preset; some unwilling or psychologically unfit to 
render swvice under the vastly different social economic 
set-up. At the same time, hundreds of large industrial 
establishm^ts being annually added and put into 
operation demand large cadres of executives and 
engines. In parallel with the construction of new 
plants, Russia’s plan provides for the establishment of 
new technical schools with short intentive training of a 
highly specialized engineering staff. 

Most if not all large plants have technical sdiools 
under their a^s, semg to it that yormg men and 
women are receiving necessary instruction in dose 
contact with industry and meeting its needs. These 
students are workers thmsdves, with years of practical 
experience, working eagerly and tirelessly in various 
fields, gradually forming a new type of practical 
specialist so much needed in mod^ mass pr^uction 
based on standardized methods. Furthermore, foreign 
engineering contractors sdling and installing equipm^t 
usually famish instructors to dmionstrate the use of 
their eqtiipment and the process of manufacture. 

But here the difi&culty begins. Buying a machine 
on a guarantee basis so that it is capable of turning out 
such-and-such an hourly production^ does not mean 
and cannot mean that the plant as a whole, even if 
completely and properly equipped with a full comple¬ 
ment of productive and auxiliary equipment, actually 
will turn out the specified volume of finished product. 
The simple truth that such an efficient p^onnanoe 
demands as an unconditional prerequisite a well- 
devised, systematic management ,and a competent 
mcecutive <K>ntrol, is as yet not fully recognized by a 
suffid^t number of the political and industrial leaders 
of that country. . 

Shop Exfbriencb LACKma 

The lack of actual shop ^erience in administration 
and management and the enthusiastic belief in guaran¬ 
teed '^lachine capaidty” leads them to ecq>ect that the 
personal effidency of workers alone can accomplish the 
desired results. Too often when there is a drortage of 
output or falling behind of production programs, the 
Ovation is sou^t in the so-called , “shock brigades,” 
and not in the strengthening of the mode of manage¬ 
ment. These “shock brigades” are composed of 
volunteer workers pledging themselves to increase tiie 
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production by all means within their power. They do, 
at least temporarily, a measure of good. By their 
enthusiasm and example they often improve the shop 
morale, reduce tardiness and absenteeism, make steady 
work during tiie shift socially respectable, provide 
stimuli for reduced spoilage, lower expense, and pro¬ 
mote goieral economy; but they cannot and they do 
not bring order out of chaos. As a matter of fact, an 
effident -"shock brigade” frequently so outstrips the 
rest of the workers that the management without the. 
aid of proper dispatching, scheduling, and control of 
the fiow of production, finds itself facing an utterly 
unbalanced inventory of finished and semi-finishe£l 
parts, with operating capital tied up ^d with the 
actual output but slightiy improved. 

It is difficult for those in America to realize fully 
the managerial handicaps so characteristic of tiie giant 
infant—^Russian Industry. We hardly ever stop to 
consider what a predominant proportion of our indus¬ 
trial activities is carried by tiie established standard 
of procedure; how much spedalized knowledge is 
ava^ble for the asking from a supply firm, sales 
eagineer, or a for^nan or superintendent with a vast 
experience elsewhere, and even from a competitive 
firm. We are in the habit of dividing the operating 
problems into two great classes: routine and exceptions. 
Under tiie first dass fall all functions that are weU 
standardized either by tradition or by analysis, all 
of these being, handl^ by clerks and various super¬ 
visors. Under the second dass we place all the unusual 
and emergency occurrences which fall under the juris¬ 
diction of ^ecialists or executives. They are relieved 
of all routine work, but as soon as production gets out 
of balance, supply is disrupted, personnel demoralized, 
distribution crippled, expenses and prices take a swing, 
or a new line of production is contemplated, these 
executives step in, mind-free from all the normal 
opm.ting deti^ which are left to the standardized 
fimctions of the routine m^. - 

There is no such dear division of responsibilities in 
Russia. We read time and again in lo<^ papers, and 
oursdves have observed that in the plants maqagqrs 
having no information to rely upon and to be j^ded 
by, instead of taking their time and studying such 
methods, waste tiidr time by walking miles and miles 
daily through the vast drops hoping mosfly in vain, to 
find on these sightseeing tours some important items 
requiring their executive attention. 

This absence. Or near-absence, of an established 
routine of standardized procedure is of course a normal 
thing in a young industry grown almost overnight ancf 
having no past on which to base useful traditions. 
Nevertheless, the harm and waste resulting from this 
lack of functionalized division of responsibilities is very 
great; but the chances are that it soon will'be in 
disr^ute. , . * 

There is no doubt that Russians can learn thiiiga 
quicldy. A group of Japanese undartoolr to teadi 
them how to organize locomotive reptfir work with the 
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result that what used to take weeks now is being done 
in a few da 3 ra. We Ammcans showed them how to 
quadruple their machine-shop output without adding 
equipment or changing the design of the product, 
merdy by getting the flow of work und^ control with 
the aid of Glantt charts and other purely managerial 
means. They begin to realize the importance of this 
transfer of skill. For instance, an American textile 
engineer was engaged to prepare a full set of standard 
^practise instructions for the headquarters responsible 
for the organization of the textile industry. 

All of us are familiar with that naive emotion which 
inay be termed “the lure of the machine,'’ that admira¬ 
tion of its a£nost intelligent working, that awe of its 
superhuman power, and that great expectation of the 
benefici^d results to be derived from it. We learn, 
however, that the machines are a liability, not an asset, 
until brains are employed to organize their utilization. 
A milliotr dollar plant producing $600,000 work of 
goods, if operated at half its capacity, causes $130,000 
annual loss. Assume now that there is the demrmd for 
double the output. It can be secured by two means; 
double the plant at an investment of another $1,000,000 
and increase the payroll by another $100,000, or dse 
utilize the existing plant with double efflciency by 
means of modem managerial tedinique.' Are such 
services worth, say, half of the $130,000 a year pre¬ 
viously wasted because of the absence of such specialized 
skill, or is it more economical to incur an added obliga¬ 
tion of $300,000 for the physical extension of the plant 
capacity under the old managemmt? 

Naturally, the European manufacturers seeking a 
market for their machinery in the rapidly growing 
U.S.S.R. .are advocating the second method of new 
investments, suggesting at the same time that their 
unemployed technicians may go to Rustia and transfer 
their skill, no longer needed at home, to demonstrate 
the operation of the important equipment for a com¬ 
pensation commensurate with the depress^ hope of 
finding a job at home. 

Thb Psoblesm 

And then what? Mines are mechanic, new plants 
erected and equipped, factories rejuvenated by the 
new machinery, but the degree of their utilization, due to 
old fashioned organization, lack Of administrative 
experience, and absence of management te<duuque and 
executive training remain nearly as low, if not lower, 
than before the enlargement due to the dilution of 
ihe executive and managmal forces by the as yet 
inexperienced newcomers placed in charge of new plants 
and extensions. 

' Such seems to be the main problem confronting the 
fulfilment of the Russian “Five Year in Four Plan’’ 
today and its future destiny. There is an alternative: 
either to burden ihe country with an additional mass 
of the means of production for generations inadequately 
utilized. Of tp transfer the managerial skill, to acceloate 
^ ' • 
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the period of learning and, in the words of one of the 
vice presidents of the Supreme Economic Coimdl of 
U.S.S.R., to get rid of that “ugly, oriental expectation 
of miracles from new machinery.’’ 

In the light of our American experience, especially 
since the days of Gantt, and in view of the European 
seeking of advice of American management enginears, 
it appears as a foregone conclusion that the U.S.S.R. 
must and will follow both roads. First she must build 
up the industry with essential equipment; but next, 
if she does not want to ruin the equipment by poor 
attendance, and if she wants to obtain full resulte tom 
the investment made, she should definitely commit 
herself to Ihe transfer of managerial skill on a par with 
the importation of machinay. 

Upon this decision apparently rests the answer as 
to how well Russia will fulfil her Blve Year production 
program. 


Compact Industrial Control 



Oeneral Mectxfc Photo 


Some of the trends in industrial electrical control as 
exemplified by recent steel mill installations are indi¬ 
cated in the accompanying illustrations. A seven- 
pand control de^ biiilt for use in connection with a 
65-pahel switdiboard may be seen in the upper illus¬ 
tration. This board althou^ only 98 in. long, and 30 
in. high in tont,. acrommodates full control tof nine 
large d-c. motors and five d-c. geheratqrs, motor cohtipls 
indudingreverse, and fine and coarse speed adjustments. 
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Unity rower Factor 
For Neon Tube Signs 

Application of paraHei capacitance will not 
c rrect the power factor of the usual com- 
merdal neon tube installation to a value 
Sreater than 90 per cent. A constant* 
current circuit for use with these sijns' is 
described in this article, which not only 
op rates at unity power factor but possesses 
other advantases. 

By 

J. K. McNEELY 

FeUow A. I. B. B. 

R. R. LAW Bo<^ of Iowa 

AawMlate A. I. B. B. State Oonew, Amee 


A TTEMPTS to correct the power 
factor of neon tube electric signs by the use of paralld 
capacitance have not been altogether successful. 
Although sufficient capadtance can be added to shift 
the apparent phase position of the crurent wave to the 
phase petition of the voltage wave, this will not provide 
for unity power factor because of the non-sinusoidal 
nature of the current wave. While in most cases power 
fector correction for this type of equipment caimot be 
justified firom the cost standpoint, nevertheless the 
circuit described here does provide power supply at 
unity power factor and without presenting any addi¬ 
tional difficulties eitW of an economic dr enginemng 
nature. 

OPEBATINO CHABACTEBISnCS OF PRESENT EQUIPMENT 

Since the retistance of a gaseous conductor tube is 
practically in inverse ratio to the current flowing 
throu^ it, in order to limit the current its power supply 
must be received through a high series impedance. 
This impedance must of necessity be essentially resic- 
tance, as a direct power loss would result if resistance 
were used for this purpose. In the past this higher 
reactance has bear obtained most economically by 
using a supply transformer with abnormally high 
leaka^ reactance. (See Pig. 1.). Low power factor 
results from tire use of transformers of this character, 
bting.usually of the order of from 30 to 40 per cent. 

Witten especially for Bi>acTftiOAL ENonniBBiHa. Not publishid in 
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Fig. 1. Schematic diagram of ordinary peon tub 
instalirtion with high-leakage-reactance traiuf rmer 


When these high-leahage transformers are coimected 
to lines having sinuBoidal voltage waves, a current 
wave of non-sinusoidal form will flow as indicated in 
Fig. 2. The current wave in this particular case lags 
the voltage wave by about 72 d^rees (31-per cent 
pow^ factor) and was found to contain both third and 
fifth harmonics of appreciable magnitude. If capacity 
reactance be paralleled with the transfonum* primary 
in an effort to improve the powar factor, the optimum 
power factor will be obtained when the fundamental 
component of the current wave is in phase with the 
impr^sed tinusoidal voIte«e wave. Undo: these con¬ 
ditions tiie harmonic components of the current wave 
wiU remain unaltered since witii a tinusoidal impressed 
voltage, capacitance can draw only current possessing 
a sinusoidal wave. For this reason the best power 
factor whidi can be obtained in this mann^ is oitly 
from 80 to 90 per cent. 

* 

CONSTANT-CURBBNT CIRCUIT 

A numbm: of constanticurrent circuits have been 
devtioped from time to time in the past, especially for 
application to arc-light snvice. One such drcuit as 
described by Steinmetz in his “Theory and Calculation 
of Electric Circuits,” has been adapted for neon lube 
operation. This is tiiown schematically in Fig. 

With this arrangemmit, current supplied to the 
transformer primary by the constant-current circuit 
will at all times bear a constant numerical rtiation to the 
impressed voltage r^ardless of the transformer impe¬ 
dance. Thus the hi^ impedance of the transformer on 
no-load during the start of each half-cycle and btiore 
the breakdown of the neon tube load on the secondary 
will give secondary voltages of sufficient magnitude to 
induce ionization m the neon tube, if the transforms 
turn ratio be appropriate. As soon as secondary bresdc- 
down has been effected, the impedance of the trans¬ 
forms drops lowering the transforms primary voltage 
required to maintain the current to the point where the 
primary voltage times the turn ratio equals the secon¬ 
dary voltage required to sustain cur|;ent flow m the neon 
tub& 
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Fig. 2. Current (I) and voltage (V) waves for 
typical neon tube installation such as shown in Fig. 1 


The OBcillogram shown in Fig. 4 shows the current 
wave as taken from the line by this circuit with a 
sinusoidal impressed voltage. The. current wave also 
is of sinusoid^ form and is in phase with the voltage. 

Advantages of Constant-Current Apparatus 

A series of comparative tests were made to show the 
relative advantages of the constant-current dreuit as 
compared to those of the high-leakage transformers now 
being used. In these tests the light output of the neon 
'tube was detormined by means of a photoelectric cell 
placed adjacent to the tube. A microammeter and a 
90-volt battmy •were connected in series with the cdl. 
The microammeter indications thus gave a measure 
of the light output of the tube. Since only comparative 
results wde desired, the readings were used directly 
-without cckiversion into equi'valent light output. 

Results of this series of tests are given in the accom¬ 
panying tabulation. It may be noted that the proposed 
constant-current circuit ^ves a ratio of light output to 
;j;vatts input midway between those obtained from the 
trwo commercial transformers tested. Also the capadty 
reactance required to bring about the best power factor 


is lower for the constant-current dreuit than for the 
standiU'dcommerdal transformer circuits. Unity power 
f^tor was attained readily with the constant-current 
dreuit while for the corrected standard commercial 
transformers the best obtainable was not ov^ 90 per 
cent. 

Cost Comparisons 

Although no accurate data are avmlable showing the 
relative costs between inductive and capacity reactances 
for service demands such as those involved in this 
application, a careful estimate shows that the reac¬ 
tances used in the proposed circuit should cost some¬ 
what less than the paralld capacity reactance required 
to furnish the maximum correction for a comm^dal 
type, high-leakage-reactance transformer. 

The constant-current dreuit requires less currmit in 
its transformer primary winding than does the corrected 


Comparison Between Constant-Current Circuit and High- 
Leakage-Reactance Transformers 


Gonetanto 

Gommeroia] Commercta] 


Gtnrreait 

TransCormer Traxksformer 

Item 

Circuit 

No. 1 

No. 2 

Minimum primary current, am* 




peres (r. m. s.}. 

. 0.265.. 

.... 0.360_ 

... 0.854 

Power factor, uncorrected. 

. 1.000.. 

.... 0.819 _ 

... 0.312 

Best power factor obtainable. 

. 1.000.. 

.... 0.908.... 

... 0.808 

Capacity reactance required, fjX .. 

..12.46 .. 

....21.40 _ 

...19.20 

Power in watts. 

.30.40 .. 

....36.28 .... 

...82.45 

Sooondaxy current, milliamperes.. 

.16,00 .. 

....16.00 .... 

...16.10 

Secondary milliamperes per watt 




input. 

.. 0.493.. 

.... 0.413.... 

... 0.406 

^Photoelectric current, micro¬ 




amperes. .. 

.. 9.00 .. 

.... 9.90 _ 

...11.10 

Photoelectric current/watts Input. 

0.326.. 

.... 0.272..., 

... 0.342 

Same as abore, with maximum 




power factor oorreetdon. 

.. 0.326.. 

... 0,286.... 

.... 0.359 

Photoelectric current/amperes 




line current.. 

,37.30 .. 

....38.80 .... 

...81.80 

Same as abOTe, with maximum 




power factor correction. 

..87,80 .. 

....10.80 .... 

....12.50 


*Th 696 rdadlngs not translated Into efiuiyalent ou^ut sines com* 
parative resoltB only woe desired. 


Xa-210 OHMS Xi«ia5 0HMS 



Fig. 3. Constant-current dreuit for supplying neon Fig. 4. Current (I) •■d voltage (V) wav« for 

tubing et unit^ pow r fact r/ constants used in the c nstant-cuirent circuit of Rg. 3. Note in-phase 

expSrim ntal set-up are shown tine-wave current 
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o»iincoTrected fnagnetic-shunt type of transformer now 
in use. Thus a smaller size of wire may be used in the 
primary circuit of the transformer used in the constant- 
current circuit with a corresponding additional saving 
incost. * 

In addition to the advantages already mentioned, it is 
necessary to mount only the transformer of the 
constant-current circuit on the neon tube sign itself; 
the reactances may be mounted inside of the building. 
The constant-current transformer has the further 


advantage of requiring less space than the magnetic- 
shunt type. 

As stated at the outset, the general use of corrective 
drcuits or other means of raising the powea* f^tor of 
gaseous conductor lamps cannot be justified in most 
cases trojD. the standpoint of economy. However, the 
solution presented here corrects some of the drfects or 
errors of the earlier solutions without presenting addi¬ 
tional difficulties dther of an economic or engineering 
nature. 


Operating Experiences with 
Automatic and Supervisory Control 


Records have been Icept by three different 
inv stigators on various types of automatic 
quipment for station control. These results 
are summarized in the following articles. 


Automatic Control 
of Substations 


PROGRESS in the development of 
automatic equipment and in its application to the 
control of electrical energy has followed very dosdy 
the phAnftm ftuftI growth of the industry itsdf di^g the 
last decade. Automatic equipment was applied first 
to the control of small outl 3 nng transformer stations. 
As the success of these installations was establidied and 
new control schemes and devices were developed, the 
application has been extended to. include pradically 
all types of stations. The chief reasons for this wide 
popularity are that the first cost of the station is 
increased but little while reliability and flexibility are 
as good if not bett^ tban with an attended station, and 
op^ting costs are mat^dally less. 

In the group of three article foUovdng, the experi¬ 
ences of several years' operation on different types of 
equipment for automatic and supervisory control of 
railway rabstations, a-c. distribution substations, and 
generating stations are presented. The autiiors, of 
each artide have given a summary of records on their 
equipments kept over a period of years and presoiting 
^rindpally tiie operating troubles most frequently 
eqierienced. 


By 

GARLAND STAMPER 

AfiSOdftte A. I. B2. 


Ooltimbla Bngg, At 
Management Oorp.,. 
Cincinnati. Ohio* 


^^UTOMATIC and semi-automatic 
stations of various types have been in operation during 
the past ten years on the system of tiie Columbia Gas 
and Electric Corporation. These stations include 
transformer substations for distribution at both 13,200 
and 4,326 volts, street rdlway and Edison system 
S3mchronous converter stations, abd synchronous 
condenser installation 

The distribution substations have been equipped with 
automatic redosing oil circuit breakers and automatic 
induction voltage r^^ulators on the feeders, with loa^- 
response equipment included in the transformer bank 
control, 'Die street railway converter stations and 
two Edison system motor-genorator sets are com¬ 
pletely automatic in operation. The control of the 
converters is designed to function on voltage variation 

Ftom *fOpm1itng Exporicaoes with Aatooiatlc Stations, Part 
Oohunbla Bnglneei^ and Management Corporal^'* M-M) pro* 
aented ^t the A. I. B. B. smnmer oonTentlon, ichevlUe, K. O., Jxine 22-26, 
1981. 
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and load demand, and includes many ot^er features 
incorporated in the latest designs for tUs class of equip¬ 
ment; the circuit breakers on the d-c. feeders open on 
' rate of rise of current and reclose wh^ the circuit is 
dear. The synchronous condensers and all Edison 
- system syncj^onous converters are equipped with semi¬ 
automatic control. This scheme includes complete 
starting operation when initiated by the operator, 
voltage regulation, load-limiting devices and other 
protective functions. The operation of any protective 
device in an automatic station transmits a signal to 
the office of the system load dispatch^. 

It is realized that the dass of service secured from 
any type of iiutomatic station is d^ndent directly 
upon the excellence of inspection and maintenance. 
In the Cincinnati district there are five automatic- 
station operators, carefully sdected and trained; their 
duties include the inspection and maintenance of 
fourteen stations. An effort is made to have an 
operator visit the more important stations once a day 
and the smaller stations two to three times a week for a 
r^ular inspection. This inspection consists of making 
the necessary meter and operation counter readings, 
adjusting graphic meters and chansing the charts, 
adjusting battery-charging equipment, checking tem¬ 
peratures and general operating condition of all ap¬ 
paratus, checking indicating lamps, fuses, and grounds 
on control circuits, and in the case of rotating equip¬ 
ment observing the starting and stopping sequence. 
Once each week the rotating apparatus and all of its 
control equipment is cleaned and if necessary repaired, 
and a complete check is made of the proper functioning 
of all devices. Once every two weeks the equipment on 
each redomng feeder is giv^ the same general ova*- 
hauling. Once each week all the control batteries are 
given a slight change and tiidr condition checked. 
Finally, twice a year all the apparatus in the station 
is giv^ a complete overhauling by the regular mainte¬ 
nance crew under the supervision of the automatic 
substation operators. 

Upon looking back over the operating records of the 
distribution stations it is noted that at least 90 per cent 
of the'friults’on a circuit are temporary in nature and 
that the breakers remain closed after the first or second 
operation. These circuits having automatic redoring 
circuit breakers are equipped with instantaneous over- 
current relays set to operate at a predetermined value 
of current which is slightly bdow the safe rupturing 
capacity of the circuit breaker, or the thermal capacity 
of the r^ulatore. The operation of these relays pre- 
vtots the redosing of the circuit breaker until the fault 
has been cleared and the relays reset. To date there 
has been only one operation of these rdays, which was 
caused by a cable failure near the station. By the use 
of such relays it is considered safe to install equipment 
having lower, capacity, or to make the time between 
drcuit-breaker redosii^ 1(^ otherwise advisable. 

On the ^s«ttem of the Dayton Power and light Com¬ 
pany s^e^ automatic distribution stiitions are in 


operation. These stations are of the'outdoor type 
having redoang circuit breakon equipped with a-c. 
motor-operated closing mechanisms and 24-volt d-c« 
trip coils. So much trouble has been experienced with 
this type of control that except for spedal cases no 
similar equipment is being considaed for future instal¬ 
lation. 'Ihe auxiliary switches are a source of perpetual 
annoyance and the centrifugal closing mechanian has a 
tendency to lose its adjustment and cause the breaka* 
to “pump,” or else fail to close altogether. It has been 
decided that future installations of this nature will 
indude solenoid-operated breakers with a control 
battery, or some similar source of supply. Since the 
cost of the solenoid mechanism is less th^ the motor 
mechanism, this compensates to some extent for the 
additional cost of the control battery. 

One of these stations was supplied through a tap 
connection on the double-circuit 33,000-volt loop around 
the dty. Approximately two years ago this station 
was re^bilitated and 33,000-volt sectionalizing equip¬ 
ment was installed. At this time ihe control scheme 
was changed from automatic to supervisory, and is 
operated from the dispatchar’s office approximatdy 
four miles distant from the station. The only source 



Fis. 1. Typical regulator olructure thowing imtal- 
lation of Lux Are extinguisher 


of trouble experiaiced on the installation' to date has 
been due to interference by the tel^hone company 
from which the interconnecting wires are leased. 
Another point of some interest in this station as wdl 
as in automatic stations in general is tiie use of diverter- 
pole-type motor-generator sets for control battary 
charging. In case of complete outage of the station 
it was found that this set could be started automati¬ 
cally and reconnected to the battery without super- 
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It is the practise at all times to float the motor- 
generator set across the battery. 

In addition to the above stations'* this company has 
been operating four automatic street railway converter 
for approximatdy ten years. A gi^t deal 
of trouble was experienced witii these installations due 
principally to the use of the old plunger and bellows 
types of relays. These were not as accurate or reliable 
as the present induction rela3ra and motor-operated 
timeis. Practically all the original relays have been 
replaced by relays of later design and very little trouble 
from this source is anticipated in the future. 

Listed in the order of frequraicy of occurrence, the 
items of trouble experienced in these automatic 
stations are: (1) improper adjustment of grapMc meter 
pens and clocte, (2) loss of adjustment of drcuit breaker 
auxiliary switches and doting mechanisms; (3) grounds 
on control circuits; and (4) relay troubles due to 
obsolesc^ce and loss of adjustment. 

It is to be concluded from the results of these experi¬ 
ences that when property opanted, the automatic 
station is equal to and in some respects superior to 
attend*^ stations in reliability and flexibility. On the 
whole it is found that automatic equipment will per- 



Fig. 2. 4,325-volt mctal-clad switchgear showing 
mounting of relay and control equipment 


form the necessary functions more accuratdy and fasto* 
than could be expected of any operator. This results 
m an improvement in continuity of service by decreas¬ 
ing outage time, thus increating revenues as well as 
good-wilL At the same time, the duties of tiie system 
load dispatcher are lightened, permitting him to gd^e 
his attention to the more important matims in times 
o( major sy ste m disturbances, with a resultant increase 
in totid system efficiency. 


Automatic and Supervisory 
Control of Substations 


By 

F. F. AMBUHL 

Associate A. I- E. E. 


Toronto Hydro-Electric 
System* Toronto. Ont. 


The POLICY of the Toronto Hyd^ 
Electric System is to locate moderate-sized distribution 
stations near the economical load centers and equip 
them for automatic or supervisory control. These 
automatic and supervisory equipments include all the 
more prominent types as well as equipment developed 
by the Toronto system for its own use. In addition 
there is at present a Gamewell signaling system which 
is used for giving signals to the load dispatchers when 
switches open automatically in small unattended 
transformer stations where supervisory control has 
not been provided. 

The automatic control for synchronous converter 
stations is arranged to start the converter on load 
demand determined by a contact-making voltmeter, 
and to shut down the unit when the load is reduced to 
an economical point. Two schemes are used on the 
Toronto system for accomplishing this result; the 
General Electric scheme in which a drum controller 
initiates the various operations in proper sequence, 
and the Westinghouse scheme in which these stei)s 
take place through the guidance and control of relays 
and interlocks functioning according to a predetermined 
plan in a step-by-step fashion. Both types of equip¬ 
ment have given satisfactory operation for over nine 
years, although a few troubles have been experienced. 
The principal difficulties with General Electric equii)^ 
ment are as follows: 

1 . When first installed the timing relays gave trouble and had to be 
replaced. 

2 . The fidd r^y did not function properly, and required a new coil. 

8 . Some trouble has been eoq^enced with the brake-tmnds on the 
brush-lifting mechanism, making replacement necessary. 

4 . An open circuit in the exekUff generator used for correcting polity 
occasioned considerable operating difflculty before it was Imown that this 
was the trouble. 

'With the Westin^ouse scheme most of the troubles 
occurred during the first year, and tince thtir elimina¬ 
tion the equipm^t has given very satisfactory opera¬ 
tion. The troubles were as follovra: . 

1. The latching rday on the oil switch required modification. 

2. Trouble was expeiieiiced with the contacts of the auzilia]^ switches 
controlling the rnnin contactors, making it necessary to mo^y these 
devices. 


Erom “Operating BxperieDCee with Automatic Stations, Part U— 
Toronto Hydro-Eleotrie System'* (N . 31-94) pre^ted at the A. I. B. E. 
eoiounfir convention. Asheville. N. O.. June 22-26. l&l. 
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Fi®. 3. Number of supervisory and automatic 
stations compared with attended stations 

8 . The contactor coils bttmed out repeatedly, and finally were rewound 
with a larger number of turns to avoid overheating, 

4. Oonverter-bearing thermostats became inoperative duo to warping 
of the fiber plimger rods. 

8. The brudx4iftlng motor burned out, requiring replacement, 

6. The bruGh41fting mechanism gave considerable trouble, and had 
to be modified, 

7. N little troubl was experienced with the arcing over of contacts on' 

the polarized motor relay,, These contacts had to be modified" before the 
trouble was dlmlnated. 

The two 1,100-kw, mercury-arc rectifiers manufac¬ 
tured by the Brown Boveri Company are fully auto¬ 
matic, the automatic features including (a) pl^t 
control whereby either unit may be made the leading 
unit while'the other is switched in or out according to 
the demand on the station; (b) a-c. closing and recloang 
whereby the circuit breaiker connecting the rectifier 
transformer to the a-c. supply is controlled; (c) vacuuna- 
j>ump control; and (d) the protective group. This 
rectifier equipment has given very satisfactory opera¬ 
tion although some operating troubles were experienced 
^hen the apparatus was first installed. These were: 

1. Insulator on excitation anode was found cracked due to Incorrect 
size and improper packing. 

2. Ignition cofls burned out several times duo to relay sticking, but this 
was overcome by modifying the relay. 

8 . Poor contact on control rday prevented the rectifier ftom beiiig 
out In, 

4, Trouble on overload relay contacts prevented the second unit from 

iVMViing In. 

Supervisory Control Equipment 

The Westinghouse high-speed, visual, supemsory- 
contro^ system is an all-relay system embodying the 
prindple of step-by-step synchronous selection. 'Ibis 
system has be«i installed in four stations, the first 
having hew installed ax years ago, tbe second foim 
years ago, and 1jlie*otiier two, three years ago. .This 
eQuipi 3 $ent althou^ not entirely free from tawible has 
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given satisfactory operation. In almost every instance, 
howeva*, the troubles experienced are of minor nature, 
and usually are f<Jimd to be due to contacts or relays, 
requiring slight readjustment. Control-key ^ntacts, 
battery equipment, and fuse troubles also contribute 
to faulty opCTation. 

In the Danf orth station 46 cases of relay troubles were 
reported in five years. Fourteen of these were due to 
latching relays sticking. Operating records of the 
other stations using the same kind of equipment, but 
of more recent date, do not show the latching relays to 
have jjven any more trouble than other rdays. 

The distributor-type supervisory-control system of 
the General Electric Company was installed in the Park- 
dale station in 1928. This was one of the early develop-. 
ments of supervisory control and uses a modification of 
the printing telegraph distributor and polarized relays 
to minimize the number of coimecting line wires be¬ 
tween s ta tions- Due almost entirely to the distributor 
Tpp/.VigTiigtn conriderable trouble was expmenced with 
this type of equipment. 

The motor-driven distributors, one installed at each 
end of the control system, were operated continuously 
and had to be kept in ^chronism if proper operation 
of the control system was to he obtained. Numeroia 
faulty operations were experienced as a result of this 
part of the equipment getting out of order, and it was 
finally decided to diange the system to the more recent 
devdopm«it Wown as the synchronous-selector type of 
supervisory control. 'This new system, which replaced 
the distributor-tj^e supervisory control in the Park- 
dale station, is essentially a direct system of control and 
indication employing the familiar type of rol^ selector 
used for automatic telephones, which step in synchro¬ 
nism to transfer the control and indication line-wires 
from one circuit to another as selected by the dispatcher. 
This s 3 mchronous-selector type of equipment has be^ 
in operation since Ai»il 1930, and has given very satis¬ 
factory operation. Only two rday troubles have been 
exp^enced during the first eight months. 

A cablft system of supervisory con^l which w^ 
developed by the Toronto system for‘its own use is 



Fij. 4. Installed capacity of supervisory and aiit - 
malic stall ns as compared to attended stall ns 
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Table I—Performance of Supervisory Equipm nt 


Station 

Type 

Control 

positions 

r 

Supervisory 
Months relay 

in service trouble 

Control 

key 

trouble 

Battery 

equipment 

trouble 

Fuse 

trouble 

Human 

flactor 

line 

troubles 

Outages 

dueto'* 

supervisory 

trouble 

No. of 
operations 
per year 

Market.... 

,T.H.E.S, 

....30.... 

.114. 

4_ 

_4. 


_ 5.... 


... None. . 

*1 

... 100 


.T.H.B.S. 

17 

. . 102 . 

3 .. . 

_2 . 

....,2. 

....1_ 


... 1 . . 

_ 1. 

,.. 175 

Oarlaw. 

.T.H.E.S. 

....18.... 


5_ 



....2.... 


... None. . 

. 0. 

... 400 

Danforth... 

.W.E.&M. Co. 

...60.... 


45_ 

....2. 

.6. 

....2.... 


... None. . 

. 8. 

...3,000 

Farkdale A. 

.G.E.CO. 

...46..., 

. 21 _ 

/ 












\ 98t.... 

_ 4 . 

. 1 . 


. 3 . 

.. .None. . 

. 11 . 

. .. 300 

Parkdale B. 

.O.E.Oo. 

....46.... 

. 8_ 

2_ 



. 


... None , . 

. 2 . 

. .. 325 

Defoe .. 

• W.E.&M. Co. 

....30.... 


9 - 


. 2 . 

.... 1 .... 

. 2 . 

... None . . 

. 8 . 

. .. 175 

jr hn St .... 

.T.H.E,S. 

_ 30 _ 


2 _ 

.. . 1. 


... .1 . 

. 8 . 

... 1 . . 

. 1 . 

. .. 100 

WUtshlreA. 

.W.E.M.CO. 

....40... 

. 47 _ 

10 _ 

_ 3 . 


_3_ 

.0. 

... None. . 

.8. 

...2,000' 

Wiltshire B. 

.W.E.M.OO. . 

... AO ,.... 

.47_ 

10- 

....4. 

.4. 

_2.... 

.0. 

... None. . 

. A . 

... 200 


^Relays 

tDJstributor 










Fig. 5. Fundamental circuit of MonowIre 
supervisory control scheme 



Fig. 6. Monowire scheme with indicating features 


installed for four stations. It has been called the 
Monowire type’of supertdsory control, since in addition 
to, two wires which are cominon to all control tuiits it 
requires only one'wire for each unit to be controlled. 
Control of the units and an indication of their opmttion 
can be secured by this syst^, simplified diagrams of 
which are given in Figs. 5 and 6. In complete com- 
merdal dreuits, additional lines and safety features 
are added. Al&ough the diagrams show control for 
one unit only the scheme inay be extended to any num¬ 
ber of units dedred. 

During the past ten years this system of control has 
given very satisfactory operation. There has been 
very little trouble with the switch oi>eration, although 
a certain amount has been expmienced with tiie signal 
devices. Most of the trouble was due to faulty relay 
operation. The rela 3 rs used in this system are standard 
and have been test^ under most severe operating 
conditions. Troubles have been due to a ntimber of 
causes, such as residual ^adjustments, faulty contacts, 

892 


loose nuts and s<Tews, dirt, etc., all of a minor nature. 
A few sources of trouble have occurred with control- 
key contacts, battery equipment, poorly soldered joints, 
loose fuses, blown fuses, etc. Relay equipment pur¬ 
chased recently has given much less trouble than the 
earlier equipment, indicating that the manufacturers 
have overcome troubles expmenced with the earlier 
designs. 

This cable supervisory system finds its widest applica¬ 
tion where the distance between stations is short. 
The very satisfactory operation secured with this 
scheme has resulted in its being used on the Toronto 
system where the total cost of installation, including 
supervisory cabl^, was less than other schemes using 
synchronized switches at the sending and recd'ving 
ends. It is so much more simple and reliable than the 
other systems that its use seems justified wherever cost 
will permit. 


Supervisory Automatic Control 
of a Generating Station 


By 

R. M. STANLEy Byllesby Engg. & Managd- 

Fdlow A. I. E. B. Oorp., Chicago 


Eight hydrodectic units, each having 
a capacity of 18,508 hp., are installed in the Ohio Falls 
hydroelectiic station at LouisviUe, Ky. Each generat¬ 
ing unit is complete in itsdf. Watowheel, g^erator, 
«dter, governor, electrical control, oil and* water 
supply, oil circuit breaks, etc., are individual to each 

» _ 

From **Throe Years* Operating Experience Tdth Miniature SrviljfiChboaAl 
Supervisory Automatie Oontro!** (No« 31-109) presented at I. B. E. 

summer oonvaation, Asheville, N. O., June 2^26,1931. * 

EliBCirCtlCAL ENGDiEERiNO 











































unit and all related unit auxiliaries are fed entirely 
from that unit. 

An automatic electrical control unit and a hydraulic 
control unit are located near each generator. The 
electrical control equipment is rimilar to that used in 
other stations but is placed inade of a sheet steel 
cubide located adjacent to the governor. For all 
units in the station, there is a centralized supwvisory 
control switchboard of the miniature type located near 
the center of the plant, with a multi-conductor tele¬ 
phone cable between the miniature board and each 
'generator control unit. The miniature supervisory 
board resembles in some respects a manually operated 
telephone switchboard. The arrangement of control 
keys and indicating instruments on 4-in. panels places 
the control of all generators, transformer banks, etc., 
within convenient reach of the operator. 

The advantages of supervisory and automatic con¬ 
trol have been demonstrated clearly during their three 
years of operation. With the miniature switchboard, 
the operator is at; all times closer to indicating instru¬ 
ments, control switches, etc., and can give better and 
dos^ supervision to the operation of the equipment. 
This results in better voltage control, frequency con¬ 
trol and diviaon of load among the generating umts. 
The supervisory control and automatic features give 
another distinct advantage in that there is a great 
saving in time during normal and emergency operation, 
and to a large extent human error is controlled. When 
urgently needed a hydroelectric unit can be brought 
to speed and ssmchronized in one minute, and addi¬ 
tional units can be put on the bus in approximately 
SO-sec. intarvals thereafter. Due to this speed, it 
has become the practise to carry less reserve steam 
capacity when hy^o units are available. 

There is a marked saving in labor costs ranee only 
one shift operator is required for the entire station. 
In addition, supervisory and automatic control made 
4t possible to reduce the initial capital expenditure 
and to lower fixed charges. 

. The miniature board is no more costly to mmntain 
tb&Ti 'any other tyi>e of switchboard; in fact, a com¬ 
parison with maintenance costs on a benchboard and 
vertical board with full-sized instruments, control 
switches, etc., at WatCTside steam station indicates 
that the maintenance and inspection cost of the 
miniature switchboard and automatic equipment is 
less. As most of the equipment is enclosed in a prac¬ 
tically dust-proof cabinet very little cleaning has to 
be done. 

Scheme of Cohtbol 

The general scheme of control is that the turning of a 
miniature control key or pushing of a button at tiie 
miniature suprarvisory board sets in operation auto¬ 
matic relay? ass< 5 ciated with the unit being supervised. 
These autonoatic jelliys, of tiie polarized type, function 
in a prraieCeiTjained sequraice for each derared operation, 


such as the starting or stopping of a generator, Or 
connection of a transformer bank. A remote indication 
of the kilowatt load, reactive voltamperes, and voltagtf 
on each unit is given on miniature instruments. For 
the generators these are direct-connected to the instru¬ 
ment transformers, and on transformer banks, Selsyn 
type miniature instruments are used. 

On starting a generating unit the supervisory operar 
tor turns a key which selects the proper bus and 
ssmehroniang method. He then pushes a button which 



Fig. 7. Miniature switchboard for supervisory 
control of all generating units in station 


gdves the starting impulse to perform the following 
functions: maintain governor oil jn-essure; release 
brakes; open gates; apply generator field; energize 
governor motor fix)m genraator supply; start generator 
air-cooling system; and syndhronize the generator to 
the bus selected. The supervisory operator may then 
regulate the load, voltage, and reactive voltamperes. 

While in operation a full set of protective equipment 
is in use, ^^nd when the operator derares to shut down a 
unit the procedure is somewhat similar to that of 
starting. The equipment is tested only at intervals of 
three or four months when it appears necessary to clean 
the equipment. 

Over a period of three years there have be«i no 
failures in the supravisory cable conductors. The 
push-button for control of load and voltage are sunilar 
in construction to telephone.jacks, and have given very 
littie trouble. A few cases of trouble wra'e experienced 
with tiie rotating type keys used for giving the starting 
impulse, for sheeting the proper bus and method of 
synchronizing, and for opening or closing oil dreuit 
breakers. These troubles were aH traced to insuffideht 
spring tension, aUd no failures have occurred ranee 
proper adjustment. There has been only one, unusual 
case of trouble with the polarized relays eno’gizedjfrom 
the keys on the miniature board. This devdoped in 
summer whMi the relays wrae subjected to an aipbi^t 
temperature of 60 deg. cent, and the impregnating 
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(impound in the coils tended to vaporize and deposit 
on the armature, causing sticking in one position. 
'This tTpe of coil was changed and no further trouble 
was expm^ced. No cases of trouble have occurred 
with the sturdier contactors used for voltage and load 
control. 

With the generator protective equipment very few 
difficulties have occuned. Practically all of these 
which could be attributed to manufacturing defects 
resulted because of vibration. 

Synchbomizimg Methods > 

Generators may be synchronized to the bus by two 
methods; (1) through self-synchronizing equipment 
wherein the machine is brought up to speed, the arma¬ 
ture is closed in on the bus, and the field applied 
instantiy thereafto*; (2) automatic synchronizing 
relays which approximate closely the mamial method of 
synchronizing. The speed of the incoming machine is 
regulated to match that of the running machine and 
when the phase-ang^e between the voltage of the two 
machines is satisfactory, the machine is closed in on 
the bus. 

Each method has its advantages. The self-s 3 mchro- 
nizing method is faster, requiring about one minute to 



Fig. 8. Individual generating unit switchboard 


bring a machine up to speed and synchronize; this is 
genially used when the system capacity is large and 
• the head of the river is above 20 ft, OsdUograms taken 
during synchronizing indicate that the current in the 
armature varies from one and one-half to twice normal. 
This dies down rapidly and generally reaches normal 
value in ten cycles. At the Waterside steam station 
a sli^t dip in system voltage eqidvalent to about one 
volt on a 110-volt basis occurs. The “bump” givmi 
tiie Astern duriig these conditions therefore is found 
tq be not objectionable and the self-synchronizing 
method is used whenever posable. It has a further 
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advantage over automatic synchronizing in that it 
enables a generator to be pulled into step during periods 
of sev«« astern trouble when the frequency is below 
normal. The automatic synchronizing equipment is 
used only when the output of the hydro station is small 
due to the low head. The majority of sSmchronizing 
operations with this equipment require from two to 
three minutes from the time the unit is started; but 
very exact synchronizing results. 



Fig. 9. Rear view of generator switchboard 


To date there have been five system disturbances 
which resulted in the hydro station dropping load. 
These disturbances all occurred before the generators 
were equipped with self-synchronizing equipment; 
therefore, in cases where the automatic synchronizing 
equipment did not function rapidly enough, the opera¬ 
tor put the machine on manually in order to save time. 
A maximum of four minutes was required to get the 
last generator on the bus. Now that the much quickei; 
method of self-synchronizing is installed for all genera¬ 
tors, it is being used almost entirely. 

Each disturbance was caused by a short circuit* of 
considerable magnitude, and when the circuit breakers 
opened, the overspeed of the generators and consequent 
rise of voltage was sufficient to operate the overvoltage 
protective relays, thus removing the generators from 
the bus and shutting the units down. 

The operating expmence obtained vrith the super¬ 
visory and automatic control at this station during the 
past three years indicates definitely the advantages of 
this combined system. The use of automatic devices 
has demonstrated its reliability, low cost of maintenance 
and inspection, the saving of time and operating 
e^ense, and the ease of supervision and op^tion. 
It is believed that in hydro plants where m^ts are 
taken off and put on the bus frequently, this type of 
control equipment not only is superior to manually 
operated equipment, but that the will t»e operated 

with greats safety.to equipment. 
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Communication indi« 

New Waldorf Astoria 

Said to be the most completely equipped 
hotel ever built, this new edition of a 
famous old hostelry contains the largest 
array of electrical program distribution 
equipment ever installed in one buildingi 
Included also in its communication system 
are'approximately 3,700 telephones and 
66 teletypewriters; 125 trunk lines connect 
the hotel with the telephone central office. 

THE LARGEST program distribution 
and public address system so far brought together under 
one roof been installed in the new Waldorf Astoria 
Hotel, recently opened in New York. Six separate 
are provided over which six different enter¬ 
tainment features may be distributed simultaneously 
both tp the 1,940 private rooms and also to the many 
public rooms. This hotel occupies an entire block in 
the heart of the city and has a total height of 640 ft., 
including the 42 floors, and the two 100-ft. towers. It 
is considered to be the most completely equipped and 
most modem hotel yet constructed. 

In addition to the program distribution facilities, the 
Bell systefu has arranged a commumcation installation 
which is said to be the most extensive ever placed into 
service in any hotel. Two groups of telephones have 
been installed, one to serve principally the hotel guests, 
Jiie other to be used by the management for administra¬ 
tive purposes. To supplement the facilities for trans¬ 
mitting the spoken word, the hotel has been equipped 
^th'66 teletypewriters. The entire conununication 
system is served by 125 trunk lines from the telephone 
central oflSce. 

Program Distribution System 

Features to be distributed over the six channels of 
the program distribution system may originate firom 
any of the following sources: 

1. Programs pl^ed up by staiwisrd condenser mlcropbones in any of the 
v^ous public rooms. 

2. Radio programs piolred up by any of six Western Electric 10-A radio 

recelyers. » 

8 . Recorded programs reproduced, on double turntable reproducer sets, 
of which Wo have been provided. 

4. Wire Une programs brought in from the outside. 

Written especially fos BLUOifaiOAi, Ekoiiissbiko. Nat published in 
pamphUtforntt 
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A schematic diagram of the complete system may be 
seen in Fig. 1, all of the apparatus shown being hoiked 
in a control roonf on the sixth floor of the building* 
On the left may be noted the various program^ sources. 
Immediately to the right of these may be s^ a bank 
of three-channel ‘^mixers^^ and speech amplifiers. ^ By 
means of these the input from as many as six micro¬ 
phones at one location may be blended togeth^ and 
amplified before going to the main amplifiers. Circuits 
am provided whereby the operator in the control room 
can communicate with an ^'observer*' in any public 
room in which a program may originate. 

For the six main amplifiers, one for each channel, 
Western Electric type 59-B units are used with the 
usual volume indicator, monitoring headset, and switch¬ 
ing controls. The amplifiers operate entirely on alter¬ 
nating current, and possess practically a flat frequency 
characteristic between 20 and 10,000 cycles. 

The power amplifiers consist of 81 Western Electric 
type 67-A units, 24 of which are used for guest room 
service, six for the public room circuits, and one for 
broadcast amplification. Each of these amplifiers has 
an undistorted power capacity of +32 db. above a 
zero levd of 6 milliwatts. Means are provided for 
switching the output of these power amplifiers to the 
various circuits and for matching impedances. 

Program circuits to guest rooms are distributed from 
a central distribution box through lead covered cables 
to outlet boxes in three riser shafts, the first exte iding 
the full height of the building, the second to the 21st 
floor, and a third to the 17th floor. Three 162-pair 
cables of No. 16 B&S gage wire are installed in these 
shafts, two in the first and one in the second, with a 
similar 102-pair cable in the third shaft. Distributing 
boxes are provided on the various intermediate floors 
wherein wires from the cables terminate in sealing 
chambers. Prom these boxes drcuits are distributed 
throughout the floors with a maximum of four groups 
connected to any one riser pair and a ma ximum of 
twenty rooms connected to any one group. 

For the private rooms special loudspeakers were 
developed which can be plugged directly into the pro¬ 
gram distribution outlets. Each speaker is provided 
with a six-channel sdector switch and a. volume control. 
The energy level to the speakers is held in- the main 
control room to such a.value that the ma xim u m output 
from any speaker will not be sufficient to annoy guests 
in adjacent rooms. 

One of the outstanding features of the entire installa¬ 
tion is the flexibility of equipment and complete inter¬ 
changeability of all major elements. All unite such as 
radio receivers, main amplifiers, , power amplifiers and 
distribution units terminate in jacks so that they can be 
"'patched*’ into a variety of different positions in the 
circuits. In addition the system has been so designed 
and laid out that maintenance problems will be simpli¬ 
fied as much as possible and that in the event of trouble 
the affected portion of the system can be ^gregated 
readily. 
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The entire program distribution system as well as 
the radio distribution system described in the following 
paragraph were designed by Bell Telephone Labora¬ 
tories. ifie equipment was furnished by the Western 
Electric Company. 

Radio Distribution System for Tower Suttbs 

In addition to the main antenna serving the rix 
radio receivers of the program distribution S]r8tem, two 
other antennas have been installed between the hotel’s 
•two towers. Specially shidded radio frequency distri¬ 
bution circuits coimect each antoma to 69 tower 
apartments so that occupants of these suites may 
operate Iheir own individual radio receivers therein. 
To operate such a large number of miscdlaneous reedv- 
ers from a tingle antenna without intoference presented 
a diflScult problem, tiie final solution of which consisted 
of supplying a separate radio frequency amplifier for 
each individual recdver. The circuits are so arranged 
that, these coupling amplifiers are controlled by the 
gaTTiA switch which controls the individual recdvers 
tiiemselves. Thus none of the amplifiers is turned on 
when not in use. 

Power Supply 

Since aU electric power for the entire hotel is supplied 
firom a d-c. system, spedal arrangements were neces¬ 
sary to furnish the program equipment with alternating 
current. For this purpose two IS-kw. motor-generator 
sets were installed in tiie power room on the seventh 
floor of tiie building, one being for r^jular use and one 
hdd as a spare. These are provided with automatic 
speed control to maintdn proper frequency (60 Qrdes) 
and may be started, stopped, or otherwise controlled 
from dther the jiower room or the control room on the 
floor bdow. These units are large enous^ so as to 
assure close speed and voltage r^^ation, and aji 
‘unusually undistorted voltage wave under full system 
load. 

Other Equipment 

While tiie program and radio frequency distribution 
s 3 rstems perhaps constitute tiie most novel features of 
the whole communication syst^, tiie telephone and 
teletypewriter systems are just as complete. They 
embody the latest devdopments in telephone engi- 
ueaing adapted to the needs of a modem hotd. The 
may be divided into two main functional 
groups: one a manually operated system to serve the 
guests of the hotel, tiie other a dial system for use by 
the managem^t. 

About 8,200 telephones are provided for the use of 
guests'in addition to the private tdephones in the tower 
apartments served by individual lines from the cmtral 
office. Orthis total number about 2,600 ^ ptma- 
iiently*coMecte<f ejctendons from a 28-position private 


branch exchange switchbomd. The remdning 600 aite 
portable instruments and may be conveniently plumed 
into auxiliary outlSts with which some 600 of the rooms* 
are equipped. . , > 

The tdephone group for use by the .management 
includes dial equipment sufficient to serve about 600 
telephones in the executive offices, corridors, pantries, 
and other quarters occupied by the hotel personnel. 
These telephones may be interconnect^ with any of 
the manually operated instruments through tiie private 
branch exchange switchboard. 

The tdelypewriter installation comprises 66 machines, 
these also being divided into two main groups. The 
first group of these will be used primarily for trps- 
iniHing to mnployees in every department concerned 
with their service, information pertaining to the arrival, 
change and departure of guests. The second group is 
provided with auxiliary order-taking equipment so 
tiiat operators of the machines may take messages 
intoided for guests directly from persons calling, and 
transmit them by wire to the guest’s floor to be delivered 
when he returns, or to the bell captain so that the guest 
may be p^ed. Wth tiiis system written messages 
may be transmitted from any of the sending m achi n es 
in the telephone room to recriving machines accessible 
to the bell captain, porter, tower housekeeper, room 
derk, valet, or to other receiving machines located on 
22 floors, and in the tower office. 



Flf. S. General view of control room showing 
some of the 22 racks of amplifiers and other program 
equipment. Three of the six rack-mounted radi 
receivers may be seen at the right 

Al fLnngVi not Strictly concerned with communi^tion 
equipment it may be mentioned that soimd^ picture 
apparatus of tiie theatrical type has been installed 
permanently in tiie grand ballroom. Also one port¬ 
able machine has been pipvided with which taking 
picture aitertainment or lectures can be taken to any 
of the smaller public rooms. 
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Corona Versus 
Conductor Surface 


Tests show that thin coatings of some 
materials reduce the corona losses from high 
voltage conductors, and that equal losses 
may be expected from weathered copper 
and aluminum wires of the same diameter. 
This investigation was suggested by previous 
tests (1930) made at the Ryan labora¬ 
tory, Stanford University; this earlier work 
indicated a temporary reduction in losses 
after the conductors had been cleaned. 


By 

W. D. WEIDLEIN Black & Veatch 

Kansas Oity, Mo. 

In the investigation described 

here, corona loss measorements were made on copper 
and alvuninnm wire (1) as recmved from Ihie mamifac- 
tura: (2) with different surface treatments and (8) aft» 
weathering. Test equipment was arranged as shown 
in Fig. 1 and was similar to the set-up used in the 
previous tests made in the spring of 1930 at the Ryan 
Laboratory, Stanford Univ«sity. Test specimens con¬ 
sisted of 50-ft. l«igths of No. 2 B&S gage solid con¬ 
ductors, supported 8 ft. 6 in. from the ground. The 
sag at the middle of the specim^ was less than 2 in. 
in all cases with clearance in all other directions greater 
than 16 ft. In some of tiie tests, specimens were 
coated with different materials. The unairimiiTn in¬ 
crease in specimen diameter resulting from such 
treatment, however, was only 0.001 in., which would 
cause but vay litfle variation of corona losses. 

Insulator loss on the outer end is included in all 
results, but is n^ligible in amount; for comparative 
results this insulator loss does not enter in, tince it 
was present in all tests. Insulators at the wattmeter 
end of the specimen were shidded so that their losses 
would not enter into the wattmeter reading. All 
tests were made within the laboratory and under as 
nearly similar conditions of temperature, .humidity, 
and barometric pressure as possible. 

In all tests after the specimen had been treated, the 
procedure followed, was first to build up tiie specimen 
volt^ to 100 kv. The loss at this voltage thmx was 
after which similar readings were taken for 
suc^sively Iowct potentials at from S-rkv. to 2.6-kv. 

I- ' -- - - ■ • _ 

Based upon “Oorona Bdetgy Iioas” (N>». 91-139) presented at Uie AXB.B. 

South West District mwting, Eaiues OtWi Mo., Oct. 23-24,1981. 
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intervals, depending upon the rate of change in loss. 

A comparison of losses from aluminum and copper 
conductors is shown in Fig. 2. The shape and shift 
of the curves between values of from 72.6 to 80 kv. 
should be noted. Joffe’s theory that the resistance of a 
polarized layer decreases when the ejn.f. produced by 
polarization due to space charge ^ceeds 2,000 volts, 
(“The Physics of Crysteds”) is a very plausible ^lana- 
tion of this action. No doubt high loss from the copper 
conductor as received from the manufacturer is due te 
residue left from the “pickling” process or from drawing. 

In Fig. 4 the first run (curve a-D) was made on, a. 
conductor coated with a thick film of lins^ oil brushed 
on and dried. This wire then was cleaned and vriped 
once over its surface with a cloth soaked in lipseed oil. 
A complete film was not formed, which accounts for 
the weathering afid higher losses after drying. Curve 
8-D gives the loss after wiping a second film onto the 
wire, and shows a decrease in losses at potentials near 
76 kv. Apparoitly there may be some justification 
for the theory that with a complete thin film covering, 
ionizing velocities of electrons caimot be attained 
within the film because of an insufficient ionizing 
potaitial fall. Space charge th^ increases to a point 
where its leakage resistance starts to decrease, thus 
p^mitting a greater potential fall throughout the 
adjacent air and canting a sharps rise in corona loss. 

In Fig. 6 corves are shown for copper and aluminum 
conductors, cleaned, and then suspended open to 
weather for about one month. These indicate equal 
losses for the two materials ov^ the range tested. 

Curve 8-P of Fig. 7 gives the results of a test made 
on a copper conductor coated with a smooth film of 
coppw oxide formed by heating. While at 21 kv. 
corona was observed around this wire, no streamers 
formed over the range of voltage tested up to 150 kv. 
r.m .8. Other curves of Fig. 7 show the losses from a con¬ 
ductor after being heated in acetylene gas. Upon re¬ 
moval fr^m the gas a granular deposit of carbon covered 
the conductor; the losses were as plotted in curve 1-N.^ 
After this carbon was rubbed off the losses were as 
plotted in curve 2-N. An interesting point in this, con^ 
nection was that carbon had been deposited to a depth 
of 1/16 in. into the conductor. 

Conclusions 


1. Thin films decrease corona loss. 

Thin oofttings of certain materiiOa are effective in decreasing corona loss 
from high voltage conductors, whereas thicker films wfil increase such loss. 
8udh a film may be the poUrfied surface of a metal Its^, or the formation 
of a film by materials which flow readily and solidify with a glaze or a 
crystalline surface. 


2. Same losses for weathered copper and aluminum. 

Corona losses from copper and aluminum conductors are practically equal 
after weathering, providing any detrimental effects remaining after drawing 
have been eliminated. . 


t>4 ravoraoie corona loss reduction mdicated. 

Favorable results in the reduction of coroqa l(^s are iUustratod by Iho shape 
^d am of the curves In some pases. This ,con<^on is supported In 
several t^ by deviation of the curves to the vi^t from a straight lino from 
^ to low values of lo88,,and at vOltag^ of jto!9nT73.6 to 90 k#-. for tile 
size of conductor used in these tests, ^ 
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Presfente J at tLe KLanSASt (jity Disftricft 


Interpretive abstracts of aii i)ai^ 
presented at the A.I.E.E. Elansas Cil^ District meeting 
(October 22-24, 1931) are presented herewitib, ex- 
cq^ting only those papers alr^y published in this or 
preceding issues of Electrical Engineering. Mem¬ 
bers vitally inteested and wishing to obtain immedi¬ 
ately pamphlet copies of any of these papers are 
requested to use the order form appearing on p. 920 of 
this issue. In response to popular demand and within 
its space limitations Ei£Ctrical Engineering sub¬ 
sequently may publish caiain of these papers, or 
technical articles based upon them. 


Cirouits for seoondarv tests should be so proportioned as to 
give a current vrave as near a sine form as praotieaL Air core 
inductance coils are very effective in correcting distorted wave 
farms arising ftrom the characteristics of the test circuit. Prim¬ 
ary test dronits having carefully selected equipment is of great^ 
value in obtaining over-all tests of current transformers, secoild-* 
ary connections and relays. (AJ.E.E. Paper No. 31M16) 

A Telegraphic 
Pilot-Wire Relay System 

Published in mi in Ei,botbioal EnoiNBiBBiNa 
for October 1931, p. 824-6. Pamphlet copies not sTallablc. 


By 

C. H. Frier* 


Electric Arc Welding 
in Building Constuction 


By 

P. N. Vlnlher* 


Calculating Load Division 
in Distribution Systems 


By 

C T. Almqulst^ 


Electrical enqineebing for October 1931 , 

p. 785-7, containdd oa article based upon this paper. (AcL£*E« 
Paper No« 81M8) 


Effect of Wave Form on 

By 

Operation of Induction Relays p. h. Robinson* 

Induction type rehors -will of oomse operate at 
their intended current values and time settings only when the 
shape of the current wave applied during a fault is similar to 
that of the test wave. The shape of the current wave in the 
relay during fault is dependent upon the wave form of the fault 
currents and voltages, and the characteristics of current trana- 
f oimers and secondary cirouits. 

Although protective rdays previously have he&a applied upon 
the basis that the wave shapes throughout were sinusoidal, and 
that the speed of operation of relays under test and under actual 
system faults for similar conditions were the same, the oom- 
pderity of relay problems recently encountered requires a more 
careful consideration of wave form. 

A detailed study indicates that the wave form of fault currents 
need be considered only in special oases such as the application 
of high-speed relays. However, even with ordinary-speed rela 3 rs', 
current transformers may produce distortion of the secondary 
current during fault, and the use of such devices as auto-trans- 
formers, testing transformers and phantom loads in the relay 
test drouits often result in extreme distortion. In general, 
disto^on of the current wave results in dower relay operation. 

1 . * Dallas Power & light Oo.. Dallas, Texas. 

2. Houston lighting & Power Oo., Houston, Texas. 


COMPARATIVELY simple and convenient 
method is available for solving the division of current in the 
various sections of an electrical network and obtaining the volt¬ 
ages at the different load points. The method consists essentially 
of the application of KhrohofTs laws to the solution of a network, 
the departure from the usual procedure being that instead of 
solving a number of simultaneous equations, the problem is 
handled in steps by the superposition of currents. The idea of a 
circulatory current is introduced when any change in the system 
is made by a closure between two points in the existing system. 

While the method outlmed is a step by step method, each step 
in the solution is of value in that it indicates the results obtaining 
for the different possible conditions of operation of the system. 
The application of the method is to the loop and network cir¬ 
cuits encountered in power distribution. By its use relatrre^ 
simple network circuits may be solved witiiout the use of a 
calculating board. (A.LE.E. Paper No. 31M9) 


Overvoltage on Transmission Systems 

By 

Caused by Dropping Load e. j. Bumham* 


I HE INCREASE in voltage resulting from total or 
partial loss of load is especially undesirable on waterwheel 
driven generators because of their regulation characteristics and 
the fact that they are frequently connected to long len^^ths of 
b^h tei^on transmission line. The charging current of such 
likes results in a further increase in voltage. Although various 


8 . OklahonoaClasdtBlectticO ., Oklahoma 
4. University of Ohlahonia, Norman, Oklahoma., 
g. General Electric Oo., SChenectady, N. T. 
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types of relays have been used to trip the generator on the 
ooonrrence of excessive voltage or speed, a more desirable 
method of limiting the voltage is by the use of generator voltage 
regulator acting in the generator or exciter field circuit. 

Tests have been made on a 47,000-kva. generator making 
use of a newly developed generator voltage regulator with a 
Wheatstone bra^e type of main exciter field rheostat, so adujsted 
that the exciter voltage may, if necessary, be reduced to a slightly 
negative value, thus quickly reducing the generator field current 
and limiting the generator armature voltage. This equipment 
ordinarily functions to maintain the alternating voltage normal, 
but at the same time is constantly ready to prevent the voltage 
from reaching dangerous values which would overstress the 
insulation of generators and cozmected apparatus at such time 
as loads might be dropped on the generating unit. The use 
of such equipm^t has made it possible to design lightning ar* 
rosters and protective apparatus to give better protection. 

An alternative method which is less expensive and which 
may be applied to older machines where it is not desirable to 
change the exciter to a quick response type, consists of auto- 
maticaUy inserting a block of resistance in the alternator 
field circuit. This method, although not giving accurate reg« 
ulation, has been found effective in keeping the voltage within 
desired limits when load is lost. (A.LE.E. Paper No. Sl-140) 


Backfires in 

Mercury Arc Rectfiers 


By 

J. Slepisn* 

L R. Ludwls* 


COMPREHENSIVE abstract of this paper was 
published in Blbctrical Bnginbbbing, October 1931, p. 
793-6. (A.LE.E. Paper No, 31-132) 


Impulse .Voltage Tests on a 
4.8-Kv. Distribution Substation 


By 

H. W. Collins' 
E. E. Plcpho^ 

J. J. Torok® 


station pothead and on the regulator; aud, aoting in combina¬ 
tion with the arresters on the bus and at the outside end of the 
cable, limit the voltage in the cable to the drops across the 
arresters. (A.LE.E. Paper No. 31-133) 


Interconnection of the 25> and 
60-Cycle System of the Union By 
Electric Light & Power Co. l l 

Frequency oonyersion was detenuinfid as the 
best means of supplying differences between the 25-oyole and 
60-cyele loads and generatii^ , abilities of the Union Electric 
Light and Power Company system. The hydroelectric plant 
at Keokuk, Iowa, was developed as a 25-cycle run-of-river plant 
to supply the 25-cyole load in that vicinity and to transmit 
power to St. Louis, where the load is largely 60 cycles. Various 
possibilities in 25-cycle and 60-cyole steam and hydroelectric 
plants presented themselves but a frequency converter was 
decided upon as the most desirable. 

After a careful study of the five types of machines available, 
it was decided to purchase two variable ratio synohronoua 
induction converter sets, each capable of transmitting 20,000 kw. 
in either direction, with variation from normal frequency of ^ • 
cycle in either direction on each s 3 rstem. 

The machines are of the six-bearing horizontal type with 
provisions for movem^t of stotors to permit easy maintenanoo 
or repair. A split coupling is provided between the two main 
machines and the starting motor aud d-c. exciters are on the 
60-cyole end to permit the operation of the latter as a synehroaous 
condenser independent of the 25-cycle machine. 

It has been found that the inherent ability of the machines to 
change load gradually with system speed changes has been of 
marked benefit in stabilizing the systems. The 60-cycle ma¬ 
chines are equipped with l^h speed excitation systems to hold 
the voltage within narrow limits, aud the corrective capacity in 
the induction units exerts a remarkable stabilizing influence on 
the 25-eycle voltage. (A.LE.E. Paper No. 31-137) 


OlSTRIBUTION lines from ungrounded 4,800-volt 
substations of the Detroit Edison Company commonly have 
ce^er^^ hundred feet of three-phase underground cable between 
the owhead lines and the station, voltage regulators being 
connected between the bns and the station end of the cable. 
Although lightning arresters are connected at the substation 
bus and at the junctions of the overhead lines and entrance 
cables, a number of fiashovers due to lightning voltage have 
occurred, consistently between the Une terminal of the regula¬ 
tor and the station end of the entrance cable. 

As the result of a series of impulse voltage tests, two forms of 
protection were found to be effective in preventing the surge 
voltage rising to values sufficient to break down the entrance 
cable or cause fiashovers at the station end. Low voltage 
lightning arresters shunted across the regulator senes windings 
operate in series with the bus arrester and limit the rise of volt¬ 
age on the line side of the regulator to the sum of the breakdown 
voltages^ of these two sets of arresters. The second method, 
and the^one which is more desirable because it insures a lower, 
voltage at the substation end of the cable, is to coimect light¬ 
ning arresters at this point. They limit the voltage on the sub- 

- — . .— 

6, W(Mtiln^ii8eEleen,AS£fg.Oo.,Ea8t]ntt8burg^ 
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Automatic Control lor Variable By 

n m fk E. K. Shivel/ 

Ratio rrequency Converters g. s. whitlow® 

A^UTOMATIO switching equipment for the control 
of two 20,006-kw. frequency changer sets using' the Scherbins 
method of load and poweivfactor control has been in sucoessful 
Operation at the Page Avenue station of the Union Electric I^ht 
and Power Company of St. Louis for almost a year. 

The switching equipment is designed so that the starting, 
s 3 mchromzing, voltage control, loading limiting features, and 
protective devices are completely automatic. The performance 
of this equipment during all sorts of system oonditions during 
the past year has demonstrated the feasibility of automatically 
controlling large frequency changer sets. The stabilizing effect 
of the 60-oycle high speed excitation system on the voltage during 
system short circuits and the accuracy and speed of the 25-oycle 
83 nxchromzmg operation are of special interest. Although manual 
synchronizing of the 25-cycle unit is difficult because of the com¬ 
plex character of the excitation system and the constantly 


a. TTnlon Meetrielilglit Se Power Oo., Bt. Louis, Mo. 
9. General Blectrio 06., St Lotds, Mo. 


NOVElfbER 1981 


901 



dunging: value of slip frequency, this operation is performed 
automatically in a very short time and with no interchange of 
|M>w6r between the two systems. (A J.E.E* iPaper No. 31-136) 

r* 

Forecasting Population 
for Engineering Purposes 

Engineers and penons responsible for tbe manage* 
ment of engineering projects have a common interest in problems 
of forecasting population growth and market demands. The 
soundness of engineering projects depends upon their capacity to 
fulfil a real demand. Unsoundnoss or even failtiie may result 
from planning and designing engineering projects without regard 
to industrial and ^pulation trends. Similarly city planning, 
housing and home bxiilding projects, educational and social 
programs of various lands, ordinarily should be based upon tbe 
number of people to be served at some futurq date and their 
eoonomic and social oharaotenstios. 

Population forecasts, when carefully and intelligently made, 
serve a valuable purpose in helping to direct the employment of 
labor and capital to places or projects where they are most 
needed. What will most probably ooour is always the first con¬ 
sideration in population forecasting. Sound forecasts cannot be 
made to rest upon a local point of view; national factors are 
always involved, frequently intemational. In boom periods it is 
necessary to guard against the tendency to ovmstimate, while 
the reverse is true of dull x>6riod8. Because of the fundamental 
infiuenoe of economic and geographic factors in determining the 
population growth of cities or regions, the economic survey is 
invaluable in determining the probable future number of people 
in a particular city or region, and their social and economic char¬ 
acteristics. Metioulous precision is impossible in making long 
range population forecasts, but it is both possible and practicable 
to obtain a viduable working knowledge of conditioiis in the 
future. Paper No. 31-138) 

Advance Planning of Long 

I By 

Distance Telephone Facilities c c McF^ImcIu 

XhE rapid ineraase in the size and complexity of 
the toll plant during recent years has emphasized the need for 
careful advance planning. This involves the development of an 
iiltunate plan which indicates the most economical and desirable 
toll plant arrangement some 15 years in the future. 

In developing an ultimate plan, estimates of future traffic and 
the wrresponding circuit requirements are of great importance 
as are likewise the classification of the various towns and ex¬ 
changes into tributaries, toU centers and switching points. 
Several possible arrangements of plant which will provide for the 
eatiniated circuit requirements and meet the service standards at 
the ultimate period are studied. Judgment must be exercised in 
deciding on the most desirable ultimate plan, due weight being 
given to such factors as cost, flexibility, and protection service. 

Advance planning also is necessary in connection with in- 
divid^l projects involving additions and extensions to t^ie toll 
plant particularly for the projects involving commitments for a 
number of years in the future. I^veral feasible plans of pro¬ 
viding the p^t .are studied, the ultimate being used as a guide 
in setting up intermediate plans. Cost studies over a period of 5 
to 15 years are made to determine .the most economical scheme. 
(AJ.E.E. P per N6. dlMU) 

I .. I . 
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Tape-Armored 

By 

Telephone Toll Gible c.w. Nystrom'* 


URIED tape-armored cables possess several advan¬ 
tages over cables carried on pole lines or in underground conduit: 

1. Basements for buried tape-armored cable on private lights-of-way may 
sometimes be obtained more cheaply than for pole lines, as the use of the 
land for ordinary agcicuitural activities Is not disturbed. 

3. Induced currents from paralleling power lines are appreciably less than 
in unarmored aerial or underground cables, due to the shielding effect of the 
steel tapes. 

3. Gable may be laid to follow the contour of rough country and have 
sharp bends to avoid obstructions, while conduit mustdiave a fairly even 
grade and long radius curves to permit cable being pulled through it. 

4. Manholes are re<iaired at spacings of from 300 to 700 ft. (f conduit is 
provided, while with tape-armored cables, manholes may be omitted except 
at loading points which normally occur at d,000-f t. intervals. 

On the other hand, as tape-armored cables are buried directly 
in the earth, the location and repair of troubles are generally 
more difficult and more expensive than for aerial cables. * How¬ 
ever, improvements in methods for maintaining buried -cables 
should reduce such costs, and in any event the amount of trouble 
per cable mile may be expected to be much less than on aerial 
cables, because of their security from Are, storm, and bullets. 

Tractors, plows, trench baokflllers, and other cable laying 
equipment have been developed. As a result tape-armored 
cable can be laid at a cost only slightly greater than that of 
aerial cable on pole lines, and developments now under con¬ 
sideration promise a rather substantial reduction in the cost of 
buried cable. (A.I.E.E. Paper No. 81-134) 


The Time Factor 

By 

in Telephone Transmission o. b. Blackwell” 

0 

Fob ordinary distances of telephone communica¬ 
tion, the speed of transmission canbe considered as instantaneous. 
The increasing use of long distances for oommeroial telephony, 
however, has introduced time problems in telephone transmission 
which axe of considerable teohnioal interest and difficulty. 
Although a number of papers have been presented on this sub- 
jeot, none seems to have given a general over-all picture^* ^ * 
In actual telephone circuits the speed of transmission is reduced 
from the speed of light by the impedance of the circuit, and varies 
considerably in different oirouits. Five different types of prob¬ 
lems in telephone oommunication are introduced. First, 
conversation may be slowed down by the time interval between 
the formation of a sound by the speaker and its reception by 
the listener. In two-way conversation this may become im¬ 
portant as it causes a delay in reply. Second, differences in the 
speed of transmission of the frequencies wbi(^ make up speech 
may produce peculiar distortions which cause, considerable 
interference. Third, echo effects may arise' from the reflection 
of energy at points of irregularity, particularly at the end of the 
drooit. These echoes have the greatest effect on the talker who 
may have an uneasy feeling that the distant party wishes to 
break in on the conversation. Fourth, the voice-gperated 
devices which are sometimes ooimeoted in the drouit, aq4 which 
overeoxne echoes by rendering inoperative transmission in the 
opik>site direction, may result in a delay in transmission and 
introduce’ other serious difficulties. Th%flfHi factor is that of 
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fadingi which althougrh not included in this discussion may 
result when there is more than a single path between the sending 
and receivii^ ends of a circuit. (A.I.E.E. Paper No. 31-135) 


Lishtning^ Disturbances B/ 

M - D. C. Jackson, Jr.** 

on I ransmission Lines r. w. Warner** 

Most OF THE more important studies of lightning 
disturbances on transmission lines have been confined to steel 
tower lines of 110 kv. and above. A field investigation of the 
eifect of lightning on 33-kv. and 66-kv. transmission lines on 
wood poles is now being carried on, the preliminary iuvestiga- 
tions having been completed. 

Data h&ve been compiled showing the direct lightning hits 
and flashovers per pole in the Mississippi and Missouri River 
valleys. These indicate for example that guyed poles are more 
subject to disturbances than unguyed poles, and that corner 
poles also are more frequently affected. It was found that in 
the case of 66-kv. lines practically two-thirds of the guyed poles 
were l^it or flashed over, whereas only about one-half of the guyed 
poles on the 33-kv. lines experienced lightning troubles. The 
proportion of unguyed poles affected was practically the same 
for both voltages. 

The data indicate that there is little difference between the 
amount of lightning trouble experienced by poles in rolling 
country and by those in flat river bottoms. It is stated that 
whether pole stands on the crest of a hill, on a slope, in a vsdley, 
or on open low land has little effect on the number of lightning 
disturbances. It is hoped that the continuance of this investi¬ 
gation will produce definite explanations of the causes of the 
phenomena observed. Pamphlet copies not available. 


Corona Enersy Loss w. d. weidiein» 

<> 

Practically the foil text of this paper is pub¬ 
lished in this issue of Electrical Entqinebrino, pp. 898-900. 
(A,LE*E. Paper No. 81-139) 

Application of 

. By 

Primary Distribution Fuses f. e. s^nford” 

The function ot ptimaiy fuse is to clear 
short oirouits, and to minimize disturbances to the system at 
times of fault. Continuity of service requires that short-time 
overloads should not cause primary fuses to blow, whereas fire 
hazard requires that fuses for secondary windings operate on an 
overload basis. The proper application of primary fuses is 
dependent upon the determination of the available short-circuit 
eurrent as well as the value of load current. Another factor 
which must be given consideration is coordination of fuse and 
relay time-eurrent characteristics to insure isolation of the fault 
at the fuse point rather than by the main feeder switch* Mini¬ 
mum time of operation should be sought in the selection of fuses, 
both to* provide maximum flexibility in relay settings and to 
gife Tninimiini system disturbance. The time required for a 
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fuse to blow in the short-circuit current range is more importAit 
than at the one or flve minute points. 

To be consistent viith the rating of other electrical equipment 
fuse ratings should be based upon their continuous carrying 
capacity. Ratings on some other basis are likely to cause 
confusion, and to make an accurate comparison between different 
types of fuses difficult. Consistent ratings also would facilitate in¬ 
terchange of fuses of different types. (A.I.E.E. Paper No. 31M10) 


The Expulsion Fuse Byj.siepi.i>* 

C L Denauft* 

The expulsion fuse is an extremely simple device 
used quite extensively for interrupting ao. circuits of moderate 
voltage and power. In spite of its apparent simplicity and wide¬ 
spread use, tile principles upon which it functions are not at all 
generally understood. Comparisons of interrupting capacities of 
a soapstone fuse tube and a fiber fuse tube, support the view that 
the expulsion fuse depends updn the gas blast produced by rapid 
decomposition of fuse tube material under the heat of the arc. 
The effectiveness of the gas blast is stated to be due to the high 
degree of turbulence it introduces into the confined arc space. 

The voltage interrupting capacities veratts ampere capacities 
for a fiber tube and for a boric acid lined tube have been ob¬ 
tained experimentally, and it is found that the curves for borio 
acid lie much higher than for fiber. The characteristics were 
found to depend very materiiJly upon the number of half cycles 
of arcing. Also it has been found that the circuit voltage which 
can be interrupted rises rapidly as the size of tube is decreased. 

An interesting development of the expulsion fuse is the use of 
flame suppressors for deionizing the issuing flame. It has been 
shown that by introducing means for condensing the water vapor, 
the borio acid lined tube may be completely closed without the 
development of excessive pressure. Infuse design, consideration 
must be given to insure that the gas generating materials which 
aid in arc extinction will withstand the full circuit voltage with 
the passage of only small current, even when heated by the arc. 
(A.I.E.E. Paper No. 31-141) 


Fuse Cut-Outs—^Their 
Design and Application for 

By 

A-C. Distribution Circuits E. G. Newton** 

WIaNY new developments to meet modern roqxiire- 
ments have been applied to the renewable expulsion-fuse and oil- 
fuse cut-outs for SpC. distribution systems of 15,000 volts and 
below. While there are several different types of fuse cut-outs, 
the universal design problem is the interruption of an are formed 
when the eurrent canning element melts. Both- expulsionrfuse 
and oil-fuse cut-outs depend for this interruption upon the gas 
pressure generated by the current in the arc. 

Three factors, cirouit voltage, load current, and fault current 
govern the proper selection of fuse cutouts and fuse links to 
meet the different service requirements. These factors are shown 
to have a relationship necessitating equal consideration in order 
to secure safe and rdiable operation. Coordination also must be 
secured with other apparatus on transmission and distribution 
ssrstems. Investigations now being made on the effect of power 
factor on are interruption may have an important bearingbn the 
future design of fuse cut-outs. (A.I.E.E. Paper Np. 31M11) 
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Of Inslilafe anJI RelaleJf J^citriHes 


Thomas Alva Edison— 

February W, 1847-Octobcr 18, 1931 


GING- to ft close one of tlie most 
colorful careers in history* Thomas Alva 
Edison, indefatigable promoter of the 
incandescent electric lamp, quietly 
breathed his last at 3:24 a. m. Oc* 
tober 18, 1931, almost exactly 52 years 
after his invention of that lamp. He 
died at *'Glenmont*’ his West Orange 
(N. J.) home in which he has lived sinoe 
1886. Apparently convinced for some 
weeks that his many sided life work was 
at an end, he is reported as having 
expressed a feeling of ^‘inadequacy’* for 
the continuation of the tasks to wMch he 
has devoted his best efforts during his 
idlotted span of years. 

Thomas A. Edison’s characteristic, 
clear out signature occupies a prominent 
place upon the original call issued in the 
spring of 1884 for the organization meet¬ 
ing of the American Institute of Electrical 
Engineers. This historic document, 
which occupies a conspicuous place in the 
members’ room at Institute headquarters 
in New York, stated that “it seems prob¬ 
able that the persons who are interested 
in electrical, seientihc, educational, manu¬ 
facturing, telegraphic, telephonic, and 
like concerns, as well as the users of 
electrical appliances generally, will find 
it to their advantage, personally and ool- 
leetlvely, to establish, support, woric for, 
and generally aid our proposed Society.” 

Edison not only was one of the organiz¬ 
ers of the Institute, but at its first eleo- 
tion of officers, May 13, 1884, he was 
elected a vice-president. Thus, while 
electricity snrely. was in its infancy, 
Edison was actively interested in creat¬ 
ing an organization the objects of which 
were to be as they still are as stated in 
its Constitution “the advancement of the 
theory and the practise of electrical engi¬ 
neering and of the allied arts and sciences, 
and the maintenance of a high profes¬ 
sional standing among its members.” 

Edison Mbdad Estabushbd 

In recognition of the inspiration to 
workers in the fields of engineering and 
science as provided by Edison’s spirit and 
ehftracter in Ms life work, _the Eduon 
Medal was established in 1904: by an 

804 


organization of associates and friends of 
Edison, “for the purpose of appropriately 
recounting and celebrating the achieve¬ 
ments of a quarter of a century in the art 
of electric lighting with wMch the name 
of Thomas Alva Edison is imperishably 
identified. The A.I.E.E., in response to 
an invitation, undertook the responsi¬ 
bility of making the awards of tMs gold 
medM wMoh its sponsors designated 
should “during the centuries to come 
serve as an honorable incentive to 
scientists, engineers, and artisans, to 
maintain by their works the Mgh standard 
of accomplishment set by the illustrious 
man whose name and features shall live 
while human intelligence continues to 
inhabit the world.” The first award of 
this medal was made to Dr. Elihu Thom¬ 
son in 1909; subsequently to: Prank J. 
Sprague, George Westinghouse, William 
Stanley, Charles P. Brush, Alexander 
Graham Bell, Nikola Tesla, John J. 
Carty, Benjamin G. Lamme, W. L. R. 
Emmet, Michael I. Pupin, Cummings C. 
Chesney, Robert A. Millikan, John W. 


lieb, John W. Howell, Harris JT. Ryan, 
William D. Coolidge, Prank B.*Jewett, 
Charles P. Scott, Prank Conrad. 

In June 1928 the A.I.E.E. was privi¬ 
leged to give further recognition to 
Edison’s services and aoMevements. The 
Constitution provides that Honorary 
Members may be chosen, upon * the 
unanimous vote of every member of the 
board of directors, from among those 
who have rendered acknowledged emi¬ 
nent service to electrical engineering. 
Prior to June 1928 the very few distin¬ 
guished persons thus elected all were from 
foreign countries, but at that time 
Edison’s name headed the list of five 
outstanding American engineers unani¬ 
mously endorsed by the directors. 

The Genius or Edison 

In his biography “Edison As I Enow 
Him,” Mr. Pord described Edison as 
“a genius but not in thoisense that his 
inventions and discoveries have been 
revealed to Mm in sudden fashes. If he 
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were that, he would not have his present 
tremendous importance, for the lessons of 
his life wduld not have universid applica¬ 
tion* As it is, his methods can be used 
by any one; and the fact that they are 
being used^by so many is one of the 
reasons for our great industrial progress. 
The man stands as a demonstration of 
what concentration and intelligence can 
accomplish.’’ 

One of his earlier mterests and certainly 
the one most consistently and earnestly 
pursued by Edison through and in spite 
'of seemingly insurmountable difficulties, 
was the development and improvement of 
the incandescent electric lamp and a 
parallel system of distribution which 
would 'make electric light as readily 
accessible to the individual consumer as 
the older established utility systems which 
provided water and gas service. 

Other experimenters had been busy on 
the problems of both the arc light and the 
incandescent light, the former of which 
already had reached a successful com¬ 
mercial stage. Self-exciting generators 
for both continuous and altematiug cur¬ 
rent had been developed, and as early as 
1869 Prof. Moses G. Fisarmer had con¬ 
ducted successful experiments with incan¬ 
descent lights comprising a metal fila¬ 
ment enclosed in a glass globe from which 
air had been partially exhausted. It had 
been predicted by Piofessor Parmer that 
the success of the incandescent lamp 
would hinge upon successful accomplish¬ 
ment of the necessary vacuum. Edison, 
after contemplating the limitations of the 
arc light, disregarded contrary current 
opinion and in the face of ridicule and 
violent criticism turned his tireless, bold, 
and imaginative effort toward the de¬ 
velopment of a commercially successful 
incandescent electric lamp. Thus it 
was that on October 21, 1879, Edison 
achieved his first successful incandescent 
carbon lamp, the tiny foundation upon 
which has been built a five billion dollar 
industry. 

Thb Three Wire System 

With the fundamental problem of the 
incandescent lamp settled, came the 
demand for improved types of dynamo- 
electric machines and the development 
and improvement of commercial distri¬ 
bution systems for electric energy. To 
meet these demands Edison’s tireless 
work of 1879-80 laid the foundation and 
unerringly pointed the path which the 
successful commercisl development of 
electric lighting must follow. It is of 
interest to note here in passing that 
Edison was unalterably opposed to the 
evolution and development of the alter- 
hating current system. 

The Edison three wire system of distri¬ 
bution, r^y a^idtiple-series grouping 
of laapps^suppliec^by dynamos connected 



Thomas Alva Edison— 


is given to Few men of any age, nation 
or calling to become the benefactor of all 
humanity. That distinction came abundantly 
to Thomas Alva Edison, whose death in his 
eighty-fifth year has ended a life of courage 
and outstanding achievement His lifelong 
search for truth, fructifying in more than a 
thousand inventions, made him the greatwt 
inventor our nation has produced, and revolu¬ 
tionized civilization itself. He multiplied 
light and dissolved darkness/ he added to the 
whole wealth of nations. He was great not 
only in his scientific creative instinct and 
insight, but did more than any other American 
to place invention on an organized basis of 
the utilization of raw materials of pure science 
and discovery. He was a rare genius. He 
has been a precious asset to the v^ole world. 

‘‘Every American owes a personal debt to 
him. It Is not only debt for great benefactions 
which he has brought to every American, but 
also debt for the honor he bro^ht to our 
country. By his own genius and effort he rose 
from a newsboy and telegrapher to the posi¬ 
tion of leadership amongst men. His life has 
been a constant stimulant to confi'dcnce that 
our institutions hold open the door of oppor¬ 
tunity to diose who would enter. He pos¬ 
sessed a modesty, kindliness, a stanchness of 
character rare among men. 

“His death leaves thousands bereft of a 
friend, the nation bereft of one of its notable 
.citizens and the world bereft of one of its 
greatest benefactors. I mourn his passing as a 
personal friend over a quarter of a century. — 

HERBERT HOOVER 


in series with a grounded balance wire 
between the dynamo connection points 
and the lamp groups, was as fundamental 
to the advance of eleotrio lighting as the 
development of the lamp. Ab with the 
lamp itself, the three wire system was 
invented independently in England, but 
again it was Edison’s driving energy and 
deep insight that underlay commercial 
success. The famous Pearl Street sta¬ 
tion in New York City, the first central 
eleotrio generating station in the western 
hemisphere, followed almost immediately 
upon the completion of a similar station 
at Holbom Viaduct in London where 
two 1,000-light Edison generators were 
placed in service in 1882. 

Early Inventions 

Legitimately hailed as the father of 
commercially successful electric lighting 
as it now is known throughout the world, 
Edison also was the developer and in¬ 
ventor of other ideas, methods, and 
apparatus entirely too numerous to 
mention. The record of his inventions 
at the United States Patent Office shows 
that since 1868 more than 1,200 patents 
have been granted to Edison covering an 
astoundingly wide range of subjects. 
Prior to his successful development of the 
incandescent eleotrio lamp in 1879, 
Edison had invented the phonograph 
(1877); completed basic inventions in 
automatic telegraph systems, multiplex 
telegraph apparatus, and a carbon tele¬ 
phone transmitter which was used by 
Doctor Bell in the commercial application 
of his own telephone instrument (1871-. 
77 ); contributed to the development of 
the successful working model of a type¬ 
writer (1871); contributed inventions 
fundamental to the ultimate suooessful 
development of the stock ticker (1870). 
His first recorded invention (1868) was 
his electrochemical vote recorder which 
he patented with the idea of having it 
installed in the houses of Congress. As a 
commercial venture, however, tins first 
recorded patent was a complete failure, 
the result of which was to cause Edison 
to devote his subsequent efforts to the 
development of apparatus for which he 
could see a reasonably sure market as a 
reward for the achievement. 

The Phonograph 

The invention of the basic idea of the 
phonograph and the development pt 
related materiids and apparatus is 
credited without even the shadow of a 
competitive claim to the ever^questi^ 
inventive brain of Mr. Edison. Imbued 
with the idea that he could make sound 
waves record themselves mechanically 
to be reproduced subsequently at plbasure* 
Edison is credited with having developed 
his phonograph within one week itfter 
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hiring first set to work at it. This 
iixvmtion is regarded as illustrating 
Edison’s mastery of many fields. It is 
evident that his previous work in the 
developmen.t of a oommeroially successful 
telephone transmitter provided him with 
a background of esgperience and experi¬ 
ments which enabled him to make such 
startling developments with his phono¬ 
graph idea. 

Thb ‘‘Edison Bppeot” 

In 1883 the phenomena later described 
as the “Edison EfiPect” was noted by 
Edison and discussed at some length by 
contemporary electrical engineers. In 
fact^ at the first meeting of the Institute 
held at Philadelphia, Pa., in October 1884, 
a paper was presented by Dr. Edward 
J. Houston, “Notes on Phenomena in 
Incandescent Lamps, “ and this paper 
may be found as the first paper in VoL 1 
of the Tbansactions of the Institute. 
The discovery of this “Edison Effect” was 
the fundamental root system upon which 
was based and ftrom which grew the great 
radio industry of today, including the 
thennionie tubes that have been de¬ 
veloped for purely industrial purposes. 
This important fundamentsd discovery, 
stumbled upon by the noted inventor, lay 
dormant for more than 30 years while its 
discoverer devoted his energy to other 
and more obvious projects. As was 
typical with the more or less incidental 
^ooveries made by Edison, he no sooner 
had evolved the principle than he dis- 
carded it when it failed to bear fruit. 

Ediron’s first glimpse of this all-im¬ 
portant principle underlying the fer¬ 
mionic tube of today was described in an 
article in The AUantic Monthly for 
December 1930: 

' “While working on his incandescent 
lamp in 1883 Mr. Edison noticed that 
when he heated the filament to a certain 
temperature a blue g^ow appeared be¬ 
tween the legs. Was this electricity 
fiowing through rarefi^ed air? If so, it 
seemed strange that the current should 
take this more ^sistant path in preference 
to the easier channel provided by the 
loop filament itself* To satisfy his 
curiosity the inventor inserted a second 
dement intp the bulb—a wire. He 
ooimected the wire to the positive termi¬ 
nal of the lamp and found that a weak 
current did flow firom the. hot filament, 
but, curiously, when the connection was 
changed to the negative terminal, no 
current flowed. 

“Edison noted the experiment in his 
notebook and turned from this fascinating 
side issue back to his main job of develop¬ 
ing the^incandesoent lamp. ... 

^Tt was not until 1905 that this flow of 
power in a vacuum was harnessed to do 
useful work.” 
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Th mas A. Edb n as Seen 
^ by Some Institute Leaders 

LEWIS B. STILLWELL—Edison's greatest 
contribution to mankind was the incan¬ 
descent lamp and the central station for 
supplying electricity through feeders and 
mains to adjacent territory. Next to this 
achievement/ his greatest contribution/ 
perhapS/ has been the stimulus of his 
example. His simplicity of life, his untiring 
industry/ and his infinite patience in over¬ 
coming difficulties have been an inspiration 
to countless workers. 

GANO DUNN—If For no other reason, 
Edison will be immortal as the Brst man to 
record and reproduce human speech. His 
contributions to electrical generation, dis¬ 
tribution, and illumination, without includ¬ 
ing the invention of the phonograph, place 
his name among the great ones of the earth. 
In his dwth I lose an Inspiration and a kind 
personal friend from boyhood, whose 
you^ and vitality of personality blazed to 
the last as a light to me world. 

HARRIES J. RYAN—Mr. Edison was much 
more than the inventor of the incandescent 
lamp, the phonograph, and the motion pic¬ 
ture. He will rank forever with the 
greatest practical explorers of the feaslbles 
and permissibles that determine human 
welfare and happiness on this earth. He 
did a lion's share of the work that will 
forever distinguish the transition from the 
19th to the 20th century. He was a 
philosopher who, by his example, taught 
millions the glory of unremitting toil. 

A. E. KENNELLY-We of the electrical 
engineering fraternity deeply regret the 
loss of our great American inventor. 
Thomas A, Edison. As his principal 
electrical assistant from 1887 to 189.4 it 
was my privilege to work with him daily. 
His great energy anjd enthusiasm made 
those years very happy and memorable to 
me. As a chief, he was always inspiring, 
encouraging, and sympathetic, and all of 
us at the laboratory revered and loved him. 
We forgot obstacles and even the passage 
of time, in our work under the direction of 
his grand personality. 

M. I. PUPIN—Edison’s greatest contribu¬ 
tion to the comforts of mankind undoubt¬ 
edly Is the incandescent electric lighting 
system. Edison always loved to reminisce 
about his wonderful experiences In the 
course of developing the Incandescent 
filament, and no biography will be com¬ 
plete without these reminiscences. This 
development work, crossed at every step 
by almost insurmountable difficulties, illus¬ 
trates better than anything else Edison's 
genius. He was a great Inventor, but he 
was also a great personality, the unique 
combination of the two will never be 
forgotten. 

C E SKINNER—^The name of Thomas A. 
Edison and the development of the elec¬ 
trical industry are and will be inseparable. 
His contributions to the electrical art, as 
well as to many other subjects, have been 
continuous for more than fifty years. His 
research has been characterized by tireless 
energy and a mind which led him to try 
methods and materials for the Attaining of 
his objectives which perhaps would never 
be thought of by the average research 
worker. In his passing the electrical 
industry loses Its greatest pioneer and the 
world an unique and outstanding figure. 


Work done by Edison in 1889-90 and 
1891, resulted in Ms achieving basic 
inventions in the field of motion picture 
recording and projecting. TMs work was 
followed by additional developnients dur¬ 
ing the ensuing 35 years or more which 
contributed toward the development of 
successful motion picture apparatus. 
It is interesting to note in this connection 
that although Edison made inventive 
contributions of the greatest importance 
in the field of the phonograph and the^ 
photograpMo film for the recording and 
reproduction of sound waves, and also 
in the field of motion picture recording 
and projecting, it is reported authenti¬ 
cally that Edison was convinced even up 
to his last active days that the combina¬ 
tion of sight and sound in the form of the 
modem tallriilg motion picture would 
prove to be but a passing public fancy and, 
therefore, not attractive enough to him to 
cause him to devote serious energy to it. 

Edison in Chbmistrt 

Edison had a strong liking for experi¬ 
mental work in the field of chemistry, an 
interest which periodically had burst 
into fiame during Ms many years of 
development efforts, but which always 
had been pushed into the background to 
keep the way clear for Ms other major 
activities* However, the participation 
of the United States in the World War 
and Edison’s immediate devotion of effort 
to government service gave Mm the 
opportunity to “putter” with chemicals, 
something wMoh for several years he had 
been hoping for privately. Fac^d with a 
direct need for carbolic acid, aniline dyes, 
and other chemicals in this country, 
normal supplies of wMch had been inter¬ 
rupted by war conditions, Edison took 
great pleasure in the fact that “within 
sixty days after we decided to make 
carbolic acid we had a plant built and 
were making it.” 

As head of the United States ibJavy 
Consulting Board (1915) and life head of 
the United States Naval Recruiting 
Board (1917) Edison devoted Ms seem¬ 
ingly tireless energy to the development of 
^vitally important new war materiids and 
equipment. After the war Edison devoted 
much attention to the project of develop¬ 
ing a domestic rubber supply and experi¬ 
mented with synthetic products. As 
usual, however, tMs was just one of Ms 
many and widely varied activities. 

Space limitatioiis prohibit the repro- 
dnctii^n here of anything like a complete 
life story of Mr. Edison’s many ^ded 
aoiivities. Those int^ested in th$ de¬ 
tails of the life of tMs inspired world' 
character are referred to the biograpMes 
“Edison As 1 Enow by Henry Ford, 

“Bdisoii, the Man ancLHis Work,” by 
Geo. F. Bryan, and the biopa^h/ pre- 
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pared by William H. Meadowcroft, 
historian for the Edison Pioneers^ and 
lifelong associate of Mr. Edison. 

Turning from Edison the inventor to 
Edison the man, one finds a simple, direct 
stable philosophy of living given such a 
dynamic force by the example of his 
devotion to his work that its stimulating 
and inspiring effect will outlive him by 
generations. Students in the fields of 
applied science have had in him an ideal 
by which to guide their ambitions; by 
his infectious enthusiasm and vitality 
of personality men of science and industry 
have been encouraged to redoubled 
efforts in the tace of devastating adver¬ 
sities. ' By his example he demonstrated 
the glory of unremitting toil directed 
toward laxowing things and doing things 
that are of service to humanity. Thus, 
recognition is due him by Humanity as 
well as by Industry. The fruits of 
Edison’s vigor, indomitable courage, 
and simple, effective philosophy of hard 
work beyond doubt were made available 
to the world for an unusually extended 
period through the untiring ministrations 
of his wife, Mina Miller Edison. Thus 
also is a debt of gratitude owed to her. 

November 15 Last Date 
( r Suggesting Nominations 

Actions specified in the Institute’s 
constitution and by-laws relative to the 
organization of a national nominating 
committee are being taken, and the meet¬ 
ing of the national nominating committee 
for the nomination of officers to be voted 
upon at tl^e election in the Spring of 1932 
will be held between November 15 and 
December 15. All suggestions for the 
consideration of the national nominating 
committee must be received by the 
secretary of the committee at Institute 
headquarters, New York, not later than 
November 15. 

Sieerel Tele^^aph Messages.—^A new and 
very successful means for telegraphic 
and wireless transmission in secret was 
described recently before the Academy of 
Sciences by General Gustave Ferrie of the 
French Institute. The new method makes 
use of devices in a French inventor’s system 
of sending orthographic texts by means of 
cylinders moving at variable speeds and 
^synchronized according to a prearranged 
plan between the sending and receiring 
stations. Each message bears the re¬ 
production of the signature of the sender. 
It can be concealed further from any 
outside station by means of a simultane¬ 
ous and more powerful text which has no 
oonnecVion with the secret message. 
General Ferrie stated that this system was 
expected tQ» provq valuable for military 
and diplomatic cQnmiunioation8.“!reZe- 
iraph djuf Telephone Age. 

November 19$]: 


in Memory of 
Th mas Alva Edison 

The physical life of Thomas Alva Edison, 
world benefactor, ended on Sunday, 
October 18, 1931. The spiritual bene¬ 
fits of his contributions to humanity con¬ 
tinue to live. 

His genius, vision, patience, persistence, 
industry, dnd widely diversified talent, 
which brought to fruition many of his con¬ 
ceptions, have contributed greatly to the 
comfort, convenience, and happiness of 
mankind; his achievements constitute a 
great Incentive and inspiration to those 
who follow. 

In particular, his invention of the incan¬ 
descent electric lamp and his (conception, 
more than 50 years ago, of the combination 
of a central generating station with a 
suitable distributing system for electric 
energy firmly establish him as the founder of 
the electric lighting industry of the world. 

He was the outstanding world leader 
in the group of inventors, scientists and 
enqineers, whose achievements In tech¬ 
nology have produced great social and 
economic benefits including the employ¬ 
ment, in useful occupations throughout the 
civilized world, of tens of thousands of 
men and women. 

He was respected and admired by his 
associates who cherish their memory of his 
ability, simplicity, and other personal 
characteristics. 

Mr. Edison was, in 1884, one of the 
signers of the call for the organization of 
the American institute of Electrical Engi¬ 
neers, and he was elected vice-president 
at the first election of officers; later he was 
elected an Honorary Member. His 
achievements caused a group of his asso¬ 
ciates and friends to establish the Edison 
Medal, which now is awarded annually 
by this Institute. 

The board of directors of the A.(.E.E 
hereby records in its minutes this apprecia¬ 
tion of the great debt which the world, 
and electrical engineers In particular, owe 
to his memory, and directs that a copy of 
this minute be sent to his family.—^From the 
minutes of the regular meeting of the board 
of directors, held at Kansas City, Mo., 
October 23,1931. 


Electric Furnaces Improved 
for Iron and Steel Plants 

During the past two decades electric 
furnaces for melting and refining in the 
iron and steel indus^y have shown note¬ 
worthy progress. In a paper presented 
by W. E. Moore, metallurgical eni^neer 
of the Pittsburgh (Pa.) Eleetrio Furnace 
Corporation, before the sixtieth general 
meeting of the Eleotroohemical Society 
held September 2^, 1931, at Salt Lake 
City, Utah, it was stated that the electric 
arc type of furnace has increased sixty- 
five times in number, five times in maxi¬ 
mum size per heat and ten times in 
maximum daily capacity. Power con¬ 
sumption was said to have been decreased 
from an approximate average of 700 to 
about 500 kw-hr. per unit ton output with 
a corresponding decrease, in carbon elec¬ 
trode consumption from an approximate 


average of 35 to about 11 or 12 lb. pbr 
unit ton output. It is stated that by 
^ reason of these improvements, as well a| 
by reason of the more rapid type of 
operation and lower maintenance, re¬ 
fractory, and slag costs, the total con¬ 
version cost has been reduced accordingly. 

In comparing production figures it is 
stated that in 1910 ten electric steel 
furnaces were in operation in the United 
States producing 52,141 gross tons of 
electric steel during that year. In 1930 
approximately 650 electric furnaces were 
in operation on iron and steel properties 
in the United States, giving an average 
annual output of more than 1,000,000 
tons gross, of which approximatdy one- 
third was ingot and two-thirds steel and 
iron castings. It was stated further that 
approximately one-third of all steel for 
castings now is melted electrically. 

Noble Prize 
Awarded by A.S.C.E. 

Announcement just has been made of 
the award of the 1931 Alfred Noble Prize 
to Prof. C. T. Eddy, of the Michigan 
College of Mining and Technology, 
Houghton, Mich. This is the first award 
of this prize, which is accompanied by 
$500 in cash, and which should be of 
particular interest to all the younger 
members of the engineering profession. 

The older members of that calling well 
remember Alfred Noble who, during a 
professional oexeet of more than 50 years 
ending in 1914, participated in many 
public works for which the citizens of 
the United States still remain his debtors, 
although his characteristic modesty 
prevented his name being known in con¬ 
nection with them. Efis experience was 
of value in connection with the location 
and construction of the Panama Canal. 
He was one of the engineers who built the 
Pennsylvania (K. R.) Terminal in New 
York City. The project of bringing 
water from the Catskill mountains to the 
City of New York was guided in part by 
his knowledge and advice. In addition 
to his teohnioal achievements, Mr. Noble 
took a great interest in the welfare of his 
colleagues, especially in the younger mpn 
who were just starting out in the engi¬ 
neering profession. 

Very soon after his death, the American 
Society of Ciyil Engineers, of which he 
had been president in 1903, appointed a 
commi^e to collect funds for a memorial 
to perpetuate his memory. This finally 
has tfdren shape in a fund the income of 
which is to be used for an annual award 
of $500 to a younger engineer, who might 
thereby be enoonraged in his <^os6n 
work and be led to emulate Alfred Noble, 
though he had never had the privilege of 
knowing him. 
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The prize is awarded upon the reoom-* 
mendation of a committee oonsistmg: of 
i^presentathres from the American 
Society of Civil Engineers, the American 
Institute *bf Mining and Metallurgical 
Engineers, the American Society of 
Mechanical Engineers, the American 
Institute of Electrical Engineers, and the 
Western Society of Engineers. Award 
is made for a technical paper of particular 
merit written by a member of one of these 
societies, and accepted for publication be¬ 
fore the author has reached the age of 30 
years. Professor Eddy’s paper, on 
'^Arsenic Elimination in the Reverbera¬ 
tory Refining of Native Copper,” to be 
published in the TramacUons of the 
American Institute of Mining and Metal- 
lurgicid Engineers, of which he is a mem¬ 
ber, was adjudged worthy of the first 
award. The presentation will take place 
at a future meeting of the A.IM.E*; and 
the prize will be given to Professor Eddy 
by a representative of the A.S.C.E., 
trustee of the fund. 


New York Power Group 
to Discuss Protection 

The A.I.E.E. New York Section 
Power Group will hold a meeting devoted 
to power system protection on the evening 
of November 24, in Room 1, ffth floor, 
Engineering Societies Building, 33 West 
39th Street, New York, N. Y. Ad¬ 
dresses will be delivered by H. D. Braley, 
assistant engineer, New York Edison 
Company, and by H. P. Sleeper, engi¬ 
neer, Public Service Electric and Gas 
Company. 

Mr. Braley will emphasize the neces¬ 
sity of planning protection in dose con¬ 
junction with system design, both present 
and future; Mr. Sleeper will review 
pertinent operating experiences of his 
company with various types of system 
protection. Conforming to the estab¬ 
lished practise of the New York Section 
Groups;, this meeting will be called 
promptly at 7:30 p. m. and will adjourn 
at 9:30 p. m. Discussion is open to all. 

Administrative Engineering. — A new 
course in engineering leading to the degree 
of Bachelor of Science in administrative 
engineering has been included in the 
curriculum of Cornell University, Ithaca, 
N. Y., coincident with the academio year 
1931-32. It is stated that this course has 
been ir^tuted in answer to demands 
from industry for engineers having the 
trainmg necessary to qualify for adminis- 
trative responsibihties in engineering and 
industrial enterprises. The new course 
requires four years for completion and 
indudes ten subjects of a non-engi¬ 
neering nature. 


Leading Educator Dies 



S. W. STRATTON 


Dr. Samuel Wesley Stratton (A*04- 
F’24) chairman of the Massachusetts 
Institute of Technology Corporation and 
former president of M.I.T., died suddenly 
at his home October 18, 1931. Doctor 
Stratton was bom July 18, 1862, at 
Litchfield, XU., and was graduated from 
the University of Illinois in 1884 with the 
degree of bachelor of soience in mechanioal 
engineering. Later he received honorary 
degrees from the University of Illinois, 
Rensselaer Polytechnic Institute, Uni¬ 
versity of Pittsburgh, Oamliridge Uni¬ 
versity (England), Yale University, and 
Harvard University. During the i»eriod 
of 1885 to 1892 he was instructor in 
mathematics, assistant professor,' and 
later professor of physics and electrical 
engineering at the University of Illinois, 
organizing the department of electrioal 
engineering at that insti^tion. The 
following nine years he was successively 
assistant professor, associate professor 
and professor of physics at the University 
of Chicago, in 1901 becoming director of 
the National Bureau of Standards at 
Washington, D, C. Continuously from 
that time until 1922 he was director of 
this bureau, being „ responsible for its 
organization and development into a 
great institution, which not only is 
devoted to the scientiflo determination of 
weights and measurements, hut has be¬ 
come a great physical laboratory co¬ 
operating with American industry and 
commerce in the solution of many prob¬ 
lems of enormons value. Under Doctor 
Stratton’s direction this bureau grew 
from a small organization of twenty-four 
employees in temporary quarters near 
the Oapitad to an institution with 990 
workers and fourteen permanent bund- 
ings. In 1923 he resigned this position to 
become president of Massachusetts Insti¬ 
tute of Technology, Cambridge, Mass., 


in order that he might adapt the practical 
imd efficient methods of the bureau to 
what was already a leading, technical 
school. In 1930 he was appointed chair¬ 
man of the Massachusetts Institute of 
Technology Corporation executive board, 
calling Dr. Karl T. C!ompton)»bead of the 
department of physics at Princeton 
University, to be president. France 
made him a chevalier of the Legion of 
Honor in 1909, and an officer in 1928; 
he had received the Elliott Cresson 
Medal of the Franklin Institute, and the 
Welfare Medal of the National Academy^ 
of Sciences. He belonged to many clubs" 
and organizations, amon^ which were 
the American Society of Mechanical 
Engineers, the American Physical So¬ 
ciety, the American Philosophical Society, 
the National Aoademy of Sciences, and 
the American Association for the Ad¬ 
vancement of Science. He was also a 
member of the interdepartmentid board 
of the Council of National DefensCf* and 
the National Advisory 'Committee for 
Aeronautics; three years ago he accepted 
the invitation of Secretary Wilbur to 
serve on the navy board named to study 
safety devices for submarines. 


Winter Convention 
Plans are Announced 

With the teohnical program for the 
1932 winter convention of the Institute 
already essentially completed, activities 
and preparations for the coming event 
now are in full swmg with the appoint- 
meat by President Skinner of the general 
convention committee. Winter con¬ 
vention aotivities are scheduled for Jan. 
25-29,1932, with convention headqtiarters 
at the Engineering Societies Building, 
33 West 39th Street, New York, N. 'Y. 

As members of the general convention, 
committee, Doctor Skinner h^ appointed 
the following: chairman^ E. B. Meyer 
(F’27) chairman publication committee; 
O. H. Caldwell (M’22) chairman New 
York Section; H. P. Chariesworth (F’28) 
vice-president; Harold C. Dean (F*30) 
secretary New York Section; W. H. 
Harrison (F’31) chairman meetings and 
papers committee; C. R. Jones (P’31) 
secretary, New York City District;^ 
G. L. Khight (P’17) AJ.E.E. representa-^ 
tive on Board of Trustees, United Engg. 
Trustees, Inc.; C. B. Stephens (M’22) 
ch ai rman finance committee; R. H. 
Tapscott (F’29) chairman headquarters 
committee. 

In planning the technical program 
special efforts are being made to cover 
the art complete^ the year. 

Hence, on the winter cpnvention program 
there surely will be several sessions on 
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subjects whick have not been presented 
at ^8 annual affair during the past few 
years* Ii)4icatious point toward the 
presentation of very large number of 
papers, some of which will be presented 
from the manuscript without publication, 
and without distribution of an advance 
copy. Three sessions tentatively 
scheduled accommodate symposiums: (1) 
distribution circuit lightxdng protection, 
(2) system stability, (3) time and time 
' services. The symposium on system 
stability promises to be of wide general 
interest. It is sponsored by the joint 
rabcommittee on interconnections which 
is comprised 'bf members of the com¬ 


mittees on power generation, power trans¬ 
mission and distribution, and proteotive 
devices. Other subjects tentatively under ^ 
consideration for sessions are: instruments 
and measurements, research and general 
circuit theory, protective devices, elec¬ 
trical machinery, electric welding, com¬ 
munication, electrochemistry and eleotro- 
metallu]^, transportation, and several 
selected subjects. 

These plans should leave nothing to be 
desired from a standpoint of technical 
interests. Plans for the social features, 
entertainment and inspection trips will 
not be left undone and these will be 
announr4)d at a later date. 


Letters to the EJitor 


Cor na 

and Line Surses 

To the Editor: 

Dr. H. H. Skilling’B article **Oorona and Lino 
Surges,'* which appeared in the October 1981 
issue of IiLacTBioAL ENaiMSBRiNo, prompts me 
to submit a comparison between the following 
four different formulas for the attenuation of 
traveling waves: 

1. Simple exponential attenuation, which is 
exact for the ideal transmission line In which the 
line ‘'constants'* it, L, G, C are true constants. 

2. The Foust and Menger empirical formula, 
which appeared in W. W. Lewl8*8 1928 A.I.E.E. 
paper “Suige Voltage Investigation of Trans¬ 
mission Lines.** 

3. The Skilling formula, described in his artide. 

4. A formxila based on the assumption that the 
corona loss for traveling waves foUows the 
quadratic law, the derivation of which is given 
as an appendix to these comments. 

Referring to Fig. 1, in which those four for¬ 
mulas have been plotted so as to pass through a 
common point at 60 per cent of the initial volt- 
^ ag qf^the surge. It may be seen that there ^re 
three principal regions involved: 

Region I— trooL die Initial voltage of E 2,000 
kv. to the 50 per cent voltage point of 1,000 kv. 
Region n~Mrom e «* 1,000 kv. to the critical 
corona voltage «d «600kv. 

Region IH—below the critical corona voltage 
eo «* 500 kv. 

In region I, the Foust and Menger formula 
agrees almost perfectly with the quadratic 
formula, and 8kllling*a foraula agrees equally 
well with the exponential law. The difference 
'between these two pairs is not great, and of 
little practical importance. In. this region of 
greatest interest aU four formulas are of prac¬ 
tically oqu£d accuracy, and therefore the formula 
will be used which is the most convenient. 
The Foust and Menger formula is the most 
simple for estimating the attenuation, but the 
exponential formula is easier to operate mathe¬ 
matically. 

In re^on JI the Foust and Menger formula 
parts company with the quadratic formula, but 
the Skilling lormuli^ and exponential law con* 
|tnue to agree until tiie critical corona voltage 
is near^, yffbon the Skilling formula abruptly 



Fig. 1. Compcrlson oF (ormulss For attenua¬ 
tion oF traveling waves 


flattens out while the exponential crosses to 
r^on III. 

Both the Skilling and the quadratic-formulas 
are asymptotic to the critical corona voltage, and 
therefore do not appear in' region HI. The 
Foust and Mengor and the eiponential formulas 
enter region II, but at widely different points 
and diverge considerably. 

While the exponential, SkiUiiig, and quad¬ 
ratic formulas, appear on the surface to have 



been derived by a rational process, it should be < 
noticed that all three of them are based uj>on 
the assumption that the current and voltage 
waves are exact replicas of each other; In other 
words, the distortion is ignored. Moreover, the 
experimental constants ot^ a, b have to be deter¬ 
mined from tests on the transmission line in 
question and under the actual conditions that 
are to prevail. Thus in this respect they are 
no better off than the Foust and Menger for¬ 


mula. The very abrupt flattening of the SloU- 
Ing formula as the critical corona voltage is 
approached is not always evidenced by experi¬ 
mental data. f 

MaTHBUATIOAL EXAtlPj^B 

Consider a traveling wave e * / (x — s /) of 
length D, (Fig. 2) and Its companion current 
wave t, and suppose that these two waves are 
related by the surge Impedance: 






( 1 ) 


At time f the toe of the wave is at x » r f 
from the origin, and the total stored energy of 
the wave is 

W-— C ^dx + — C i^ds 
(ttf-D) ivt-D) 

r 

« C I /* (x - p /) rf X (2) 

(ot^D) 

The rate at which the energy content is 
Changing with respect to f is 

b 

•^/*(x -pO . dx 

(dT -D) 

+C of* (o i-ot) •“€ of* (ot —JD -p 0 
ot 

-c r -jj-/»(*-.<).<<* 

(pT-D) 
ot 


d W 
dt 


01 


I 

ot 


b/ 


d X 


(3) 


(Pl-B) 

because/(0) •0and/(- D) »0 
Kow If the rate of energy dissipation due to 
the line losses Is a function of the voltage <t> (e), 
then the total rate of energy loss for the entire 
wave is 

<b{fi),dx (4) 


(p/Cd) 


Equating 

integrals 

be* 


(3) and (4) and discarding the 


hi 




(5) 


subject to the Initial conditions 
e«E(x)at/«0 («) 

The solution of (8) thus defines the wave at 
any Instant L By way of illustration, three 
special cases will be considered. 

CASE I—Ideal Transmission Line.—Such a 
line is characterized by four line constants 
R, L, C, G and if eq. 1 holds, the rate of energy 
loss Is 

C 

^(e) - Ri +06* -R- 


■e* +G«» 




(7) 


Substituting (7) in (8) and using (6) this results 
in 

^ 1 ( R 0 \ 

e » E 6 —« where a • I j 

W 

CASE n—The Skilling Formula.^If the loss 
is assumed to vary as the excess voltage above 
the critical corona voltage «e, then 
^ (c) » - A (e - eo) 

and (8) and (6) give • 

k _ / E - tfp \ 

Tc' -o' 

(li) 
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t:^ASE in—The Quedratte Formula.—the 
loss is assumed to Tary as the square of the 
excess voltage above the critical corona voltag , 
then 

^ (c) - - K (« - «o)* (12) 

Thenb 7 ( 5 )\nd( 6 ) 

Kt (£ - e) eo (E - ep) 

2C “ (£-«,)(«- eo) (£ -ee) 

(13) 

I have in the past devoted a considerable part 
f my time to the study of traveling waves, and 
feel that the attenuation of surges is the most 
important thing left to be found out about 
traveling waves. I think that you will serve 
the industry by keeping the subject alive by 
continuing to print articles like doctor Skilling's, 
and inviting discussion. 

Yours very truly, 

L, V. BEWLBY (A'S7) 

(General Transformer Engg. 
Dept., General Electric Oo., 
Httsfidd, Mass.) 


AN teon 

Symmetrical Components 

TtOtSdUot: 

I am submitting herewitii a short discussion 
on symmetrical components which is intended 
to be an addition to Dr. A. E. Kennelly's 
artioie ''Computation of the Unbalance Factor 
of a ThreO'Fhase Triangle When Lengths of 
Three Sides ure Given" whi(& api^eared in the 
J uxKj^i of the A.I.E.E., March 1927. p. 240. 

jn his article Doctor Kenndly devdops foiv 
mulas for confuting the magnitnde of the 
direct and reverse sequence components, when 
given the lengths of the three sides of the voltage 
triangle. In this discussion I develop a simple 
fonnula for the ande between the direct and 
reverse sequence components, the ezpressioa 
being in terms of the lengths of the stdes of the 
voltage trlani^. 

In his article Doctor Eeunelly gave (the 
mathe m a tic al equivalent of) the following ex¬ 
pressions for computing the forward (posttive 
phase or direct sequence) and badcward Oiega- 
tlve phase or reverse sequence) components of 
a dissymetric thr^phase vector triangle: 

fl* + + c* 

2 

and 

-f-^ 


2 

where a, A and e are the lengths of the vectors 
forming the triangle and S {As in Doctor 
Kennehy's artide) is the side of an equilateral 
triangle having the same area as trian^ a be; 
d and r (e In Doctor S^nndly's article) are, 
respectively, the magnitudes of the direct and 
reverse sequence components. 

It is the object of this note to obtain au 
additional expression for the ankle between d 
and r ,in terms of o*, and c*, terms used in 
Doctor Keimelly's expressions. 

Let the vector representation of n. b, and c be 

a « da +ra -d/O® +rj$a ( 1 ) 

-dt +r6 -di240® +/y(l20® +Sa) (3) 
4 ? - d, +ro md/120® +rj(240® H-S«). (3) 

This la quite evident itom. the accompanying 
illustration. 

By tile law of corines 

b\md^ -f-r* -^2 dr GOB (60® + So) 
and 

+ r* — 2 droos (60® — So) 
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Thus 

- vs (40) 

$b « arc tan-- « +268® 20 * 

- +240® +fla 

+ VS (21) 

Be * arc tan-- » +148® 20* 

« + 120® + 0a 

Hence for a glvea voltage triangle of arbi¬ 
trarily designated sides o, b, and c, Sa wiU be the 
smallest angle, if n Is made to represent the 
longest side of the given voltage triangle. ^ 

Very truly yours, 

B. DB LA GAB 2 SA, 

(Senior Student, 1081, Bice Institute, 
Houston, Texas) 


so that 

cos (60® + Sa) 


d* + /* — 
2dr 


COSSg 

2 


VSsInSg 

2 


(4) 


€08 (60® - So) 


d« + 

2dr 


COSSg V3sin Sg 
2+2 


(d) 


Editor*# Notot In commenting upon this dis¬ 
cussion Doctor Eenndly stated that, "Mr. de la 
Garza's note supplies an important eloment not 
covered by my 1927 ortide; namely, the c m- 
puted phase rdation between the two sym- 
metrical-oomponent machines, L tho aiagi 
at which each should be clamped on tho same 
rotor shaft in such a way that the two sym¬ 
metrical systems, eLectrically connected in 
opposite directions, would produce idenj^oally 
the same dissymmetrical voltages as the actual 
dissymmetrical machine provides." 


Subtracting eq. 4 from eq. 5 
t* — c* 


— at sinSg 

2 V 8 dr 

Adding eq. 4 and eq. 6 

(6) 

2 d* + 2 r* .- 6 * -c* 

(7) 

2 rfr -oo,». 


But by making use of Doctor Kennelly's 
expressions for d and r in berms of a. b, and c, 
eq, 7 can be changed to 


2flS -t* -c* 

- iTr - 


( 8 ) 


Eg. 6 must be divided by eq. 8 to obtain the 
final expression 

v7(6*-c») 


or 

vT(i* -e^ 

». -are tan ( 8 ) 

If use Is xoade of Doctor EenneUy's expres¬ 
sions for d and r, the extra labor required to 
obtain Sg will be small since a^ and c* occur 
in both expressioiis. 

Assomihg the same values which Doctor 
KennsHy used in bis example, let 

a m 1.100 volts 
b « 1.000 volts 
c » 900 volts whence 
d w 996.61 volts and 
r -116.91 volts 
Using the final eq. 9 ^ 

+19 V3 

Sg - arc tan—IjTJJ” • +28®20* 

It is interesting to note that by a cyclical 
interchange of the terms in the expression for 
Sg, expressions for s& and So can be obtained as 
follows: 

V 8 ‘(c»«fl*) 

S( -arctaaYSrr^TTSr 


0c 


- arc tan 


V 8 (a^ - 6 *) 
2 c» -o* - 6 * 


Substituting ih these mq^ressions for S 5 and 
So the values for a - 1 , 100 , b - 1 , 000 . and 
e — 900 volts, 0b and Sg can be obtained. 


Has Man Benefited 
by Engineering Progress? 

ToihtSdUon 

I assume the invitation to comment on th 
articles so far published in the symposium "Has 
Man Benefited By Engineering Progress?" 
(Elbotbioal ENotmDBBnrc, Atig. 1031, ri. se?.) 
applies also to the general subject and its impli¬ 
cations, which constitute a chi^enge to all of its. 

The belief that engineering progress does bene¬ 
fit man has been widely held, otherwise there 
would be few engineers. It is significant that 
the question of "benefit" becomes qf particular 
interest during a depression, a phenomenon tho 
recurrence of which recently was considered 
most improbable. However, depressions or their 
equivalent occurred long before engineering 
attained its present stature, so it is evident that 
engineering is only one of the many factors in 
the present situation. 

The most important factor and tho least 
studied is man himself. The general li^k of 
knowledge regarding the basic human impulses 
and their significance Is most unfortunatcu** One** 
reason for this is the unpalatabllity of some of 
the available facts. 

Difficulties in the way of dealing franidy with 
human impulses are analogous to those en¬ 
countered by the early scientists In their en¬ 
deavor to substitute natural law for the popular 
"8ai>ernatural whim*' as an explanation of 
physical phenomena. Mo^erh sriontists and 
engineers do not encounter such serious opposi¬ 
tion, but they too are obliged to revise frequently 
their pet theories to fit the facts, a somewhat 
jMdnftil process which should aid them in dealing, 
with the human factor. 

I contend we will never reach a satisfactory 
basis for human relations dhtll the available 
knowledge of human beings is more wld^y 
difiosed. If we are unable to deal adequately 
with the most important fa(itor, we should not 
complain when the partial solutions crtherwlse 
obtained prove ineffective. 

Sincerely yours. 

0. T. WELLER (A'20-M*21) 
(Electrical ^Engln^, General 
Engineering Laboratory, General 
Eleotric Cdhipany, Schenectady^ 
New York) ^ ^ 7 

EliEXjmiC^ £fNGINiEB!m<3 


Col. R. E. B. Crompton, now in his 
eighty-seventh year and distinguished for 
his pioneer work in the British electrical 
engineering industry, was internationally 
honored in London by a gathering of 
scientists presided over by his partner, 
Frank Parkinson, who described Colonel 
Crompton as the **grand old man of the 
British electrical industry.*’ He was 
eulogized further by l^ot Luigi Lom¬ 
bardi of Italy, and by a toast of the entire 
dectrioal industry proposed by the 
principal American guest, Dr. A. E. 
Kennelly, of Harvard University, past- 
•president of the Institute. 


Personal 


Dr. Michael I. Pupin 
Awarded John Fritz Medal 

Michael Idvorsky Pupin (A*90, P*16, 
HM’28) past-president of the Institute 
and professor emeritus of electrical engi¬ 
neering at Coliunbia University, N. Y., 
has been selected as the recipient of the 
1931 John Fritz Gold Medal. The award 
was made to him as a leading scientist, 
engineer, and author, and as inventor of 
the tuning of oscillating circuits and the 
loading of telephone circuits by induc¬ 
tance coils. The John Fritz Medal is the 
highest honor given by engineers of the 
United States and was awarded to Doctor 
Pnpin unan-mously by the joint board of 
sixteen prominent engineers representing 
the four Founder Societies and their 
aggregate' membership of more than 
90,000. 

Doctor Pupin is professor of electro- 
mechanics and director of the Phoenix 
Research Laboratory at Columbia Uni¬ 
versity, and of course is widely known for 
his ^oontribhtions to long distance com¬ 
munication and for his advanced work in 
electrical resonance, the passage of 
electricity through gases, and many other 
scientific subjects. To many thousands 
of persons the fascinating story of his life 
has been made known through his inimi¬ 
table autobiography '^Frorn Immigrant to 
Inventor” and his other writings. He 
was born a Serb in a Hungarian province 
6 ot. 4, 1858. He came to America as a 
youngster and after courageous struggles 
won an opportunity for an education^ was 
graduated from Columbia University iu 
1883. Thereafter he studied further and 
received a degree of doctor of philosophy 
from the University of Berlini subse¬ 
quently was granted his doctor of science 
degree by Jjoth Columbia and Princeton 
universities, and his doctor of laws 
* degree b> Johns dopkins and New York 
.iimvefkities,^ Muhlenberg College, and 
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M. I. PUPIN 


other educational institutions. He is a 
past^hairman of The Engineering Foun¬ 
dation and his afifiliations include the 
American Association for the Advance¬ 
ment of Science, National Academy of 
Sciences, New York Academy of Science, 
American Philosophical Society, Ameri- 
cfui Physical Society, and other learned 
organizations. During the World War 
he served on the National Advisory 
Committee for Aeronautics, and many 
other bodies doing scientific research for 
the government. Doctor Pupin’s other 
honors include the Edison Medal of the 
A.I.E.E., and the Carson Gold Medal of 
the Franklin Institute. Among earlier 
recipients of the John Fritz Medsd are 
Admiral David Watson Taylor (retired) 
of the U. S. Navy, President Herbert 
Hoover, Ralph Modjeski, John J. Carty, 
John F. Stevens, Ambrose Swasey, 
Gugliehno Marconi, Sir Robert Hadfield, 
Charles P. E. Schneider, and Elihu 
Thomson. 


Andris E. Blondel (HM*12) professor 
at I’Ecole Nationale des Ponts et Chaus- 
s^es, Paris, France, received certificate 
of Honorary Membership in the Illuminat¬ 
ing Engineering Society at a special 
Silver Anniversary session held in Pitts¬ 
burgh, Pa., October 14, 1931. The 
certificate was presented “in recognition 
of his contribution to science and the art 
of illumination as educator, scientist, 
engineer and inventor in the scientific 
design of light-distribution glassware, 
originator of great improvements in arc 
lights and of methods and apparatus for 
photometrical measurements; author of 
many memoirs on the theory and practise 
of illumination and of the units of mea¬ 
surement applicable thereto. A man 
whose courage has enabled him to over¬ 
come most formidable physical handicaps 
and whose knowledge and sympathy are 
of intematioiial scope.” The certificate 
itself a masterpiece of artistic workman¬ 
ship, together with its purport, made an 
especially suitable aw^ for Mr. 
Blondel’s achievements in the,fields of 
professional art and scieiice. 


Dwight P. Robins^on (P*13) lias re¬ 
signed from the presidency of United 
Engineers & Constructors, Inc., Phila¬ 
delphia, Pa., having completed his woik 
of coordination of the activities of the 
United Gas Improvement Contracting 
Company, Day & Zimmermann Engineer¬ 
ing & Construction Company, the 
Public Service Production Company, and 
Dwight P. Robinson & Company, Inc. 
He is succeeded by E. M. Chance, vice- 
president. For over forty years identified., 
with organizing and administrative work 
on outstanding construction enterprises, 
Mr. Robinson is a well-known figure in 
today’s engineering field. His achieve¬ 
ments with the Stone & Webster organiza¬ 
tion as well as the wealth of experience 
which he has acquired in the operation of 
its subsidiaries as early as 1913 placed him 
iu the front ranks of the profession. His 
field of application has never been 
restricted one; in addition to his activities 
in electrical construction, he was, from 
1913 to 1917 consulting ch3mist and 
engineer for anthracite and bituminous 
coal mining companies in Pennsylvania 
and West Virginia. 


Elihu Thomson (P’13-HM’28) charter 
member and past-president of the Insti¬ 
tute, on October 14 at a special session 
of the Illuminating Engineering Society’s 
Silver Anniversary convention, Pitts¬ 
burgh, Pa., had honorary membership 
in the I.B.S. bestowed upon him, “in 
recognition of his contribution to science 
and the art of illumination as an educator, 
scientist, engineer and inventor; dis¬ 
tinguished as a pioneer in electric lighting 
and in the development of electric arts; 
in recent years renowned through his 
oontribulaons to the technology of quartz 
and its application to illumination prob¬ 
lems, pe^eularly the preparation of 
specula of hitherto unattained dimen¬ 
sions; the recipient of many honors at 
home and abroad and beloved by aXi 
who know him.” 


President Sonneb (P*12) recently 
was the guest speaker at the Silver Anni¬ 
versary convention of the Illuminating 
Engineering Society, held in Pittsburgh, 
Pa., October 13-16, 1931. His address 
delivered at the special Silver Anniversary 
session which* took place Wednesday 
evenmg briefly and interestingly sketched 
the “progress of illumination” from the 
time when he first saw an electric light, at 
a traveling circus, through the period of 
transformation twenty-five years h4d 
accomplished “to the point where it is 
equal in its efficiency to daylight.” He 
also spoke of the use of illumination “as an 
artistic ^ression to suoh an extent that 
buildings, parks, and fountato ‘I^K>ine 
things of beauty after the night has 
fallen.” ^ 
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H. Harries (F’22) major-general 
U. S. A. (retired) formerly vice-president 
for H. M. Byllesby & Company, Chicago, 
Hi., and for nearly forty years representa¬ 
tive of iivtrestors, operators, estimators 
and consumers of electric energy through* 
out the country, now has retired from the 
active engineering field. General Harries 
at various consecutive periods, has been 
treasurer of the National Electric Light 
Association, and president of the Associa¬ 
tion of Ed^n Hlominating Companies, 
the American Electric Railway Associa¬ 
tion and the Illumination ^gineering 
Association, Upon retirement he has 
chosen Los Angeles, Calif, as a place of 
residence. 


Ltman Winn (A*30) who has been 
doing sales engineering work with the 
Shelby Electric Company at Memhpis, 
Tenn., recently joined the engineering 
force of the Standard Electric Company 
there in like capacity. Mr. Winn was a 
member of the committee which wrote 
the constitution and by-laws of the 
Institute's Memphis section; he also has 
contributed to technical literature 
through the columns of Afill Factory, 
an Illinois publication. 


H. H. Anderson (M'27) who was engi¬ 
neer of special investigalions for the Shell 
Oil Company, San Francisco, Calif., now 
is assistant to the president of the Shell 
Union Oil Corporation, New York, 
N. Y. Mr. Anderson was at one time 
a member of the executive committee of 
the division of development and pro¬ 
duction engineering of the American 
Petroleum Institute, and has published a 
number of technical articles in that field. 


A. E. Kbnnblly, (F13} professor 
emeritus of eleotricfd engineering, Har¬ 
vard University and Massachusetts Insti¬ 
tute of Technology, Cambridge,. Mass., 
has gone to Japan. At the invitation of 
the Institution of Electrical Engineers of 
Japan, he will deliver a group of lectures 
during November before five Japanese 
universities s the first visiting American 
professor under the Iwadare FoundatioiL 


E. R. Davis (A*09) who has been 
manager of construction for the Southern 
California Edison Company, Ltd., Los 
Angeles, now has assumed additional 
duties as its manager of construction and 
engineering with executive supervision of 
both of these departments. Coincident 
wi1& his new appointment his company 
has organized an engineering executive 
committee with Mr. Davis asTa member. 



T. H. MORGAN 


T. H. Morgan (A’23) who has been 
assistant professor of electrical engineer¬ 
ing, secretary of the electrical engineering 
faculty and assistant to the executive head 
of the department, at Stanford Univer- 
sityi now has been called East to occupy 
the position vacated by Prof. H. B. Smith, 
head of the department of electrical engi¬ 
neering at Worcester Pol 3 rtechnio Insti¬ 
tute, Worcester, Mass. Proffeasor Mor¬ 
gan, who is a native of Fredericton, New 
Brunswick, Can., received his early 
technical training at the University of 
British Columbia (1913-16), Stanford 
University (1917-1919-1920) followed by 
postgraduate studies in electrical engi¬ 
neering there (1928-1929). Before be¬ 
coming assistant professor at Stanford 
University he was for four years an 
instructor. He has had also extensive 
practical experience in the superinten- 
denoy of the Foundation Company, 
Victoria, B. C., as test engineer of the 
Inspiration Consolidated Copper Com¬ 
pany, Arizona, and as engineer of the 
Great Western Power Company, San 
FrancisGo, Calif. In 1927 he was secre¬ 
tary of the electrical engineering faculty 
of Stanford University, counselor of the 
Stanford A.I.E.E. Branch, chairman of 
the committee on Student activities as 
well as of the committee on prizes and 
awards of the 8th District in 1929. Prof. 
Morgan is a member of the Society for 
the Promotion of Engineering Education, 
and a liberal contributor to technical 
Hteratore. 


C. W. Rice (P*12) secretary of the 
American Society of Mechanical Engi¬ 
neers, New York, N. Y., has beenhonored 
by Verein Deutscher Ingenieure at its 
75th anniversary meetiiig in Cologne, 
when he was the recipient of its medal 
‘'in grateful appreciation of services to 
technical-scientific achievement, particu¬ 
larly in promoting mutual international 
interests.*’ 


A. V. Gtjillou (M’27) has resigned 
from, the position as assistant chief engi¬ 
neer of the California Railroad Commis¬ 


sion after four years of service in that 
position. He will now fonotion as chief 
engineer for the newly formed Public 
Service Commission of Wi 80 o:^J[sin. Mr. 
Guillou is well known in his work with the 
various power companies of California. 


M. K. Mc?Grath (M*27) vice-president 
of the International Telephone ^ Tele¬ 
graph Corporation whose change of 
xesidenee from London, England, to 
New York, N. Y. was posted in the July 
1931 issue of Ei.ectbioaii ENamBEBiNO, 
now is located with the Postal Telegraph-'' 
Cable Company in Chicago,^Hl. 


A. G. Ennis (A’dl) who was engineer¬ 
ing assistant in the mechanical depart¬ 
ment of the Philadelphia & Reading Coal 
& Iron Company, now is identified with 
the George Washington University, 
Washington, D. C., in the oapacily of 
instructor in the electrical engineering 
department. 


W. B. Massbnbtoq (A*31) of Warren- 
ton, N. C., recently has made new con¬ 
nections with the Westinghouse Electric 
& Manufacturing Company, at Phila¬ 
delphia, Pa. He was at one time 
associated with the home office at East 
Pittsburgh, Pa., in the sales engineering 
department. 


B, N. Willis (M*28) executive secre¬ 
tary of the University Club at Dallas, 
Texas, and at one time branch manager of 
the New Orleans branch of the Auto 
Men’s Association, has opened his own 
business offices in the Electrified Ozone 
Water Comi>any, Brownsville, Texas. 


WiNTHBOP All?}N (A*30) who has been 
working with E. I. du Pont de Nemours 
Company, Wilmingtoii; Del. as assistet < 
electrical engineer now has assomated 
himself with the Prudential Insurance 
Company, Newark, N. J., as electrical 
engineer of home office buildings'! 


C. L. EiiQAB (P*I2) president and 
genend manager of the Edison Electric 
Illuminating Company of Boston, 
recently was chosen chairman of the 
executive committee of the Society for " 
Electrical Development. He Already has 
served this society as president. 


A. J. Grant (A’26) of the meter engi¬ 
neering department, Westinghouse^ElecF 
trie & Manufacturing Company, Newark, 
N. J., has removed to pttawa, Ontario, 
Canada, where he wfll Si^sume new duties 
in the physios department of th^N^donal 
Research Council. 
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C. B. Allen (P’14) previously south¬ 
west district manager for the Westing- 
house Electric & Manufaoturing Company, 
8 t« Louis,i»Mo«, and subsequently at the 
East Pittsburgh works, now is located at 
Mansfield, Ohio, works of this company. 


A. W, Manby (A*22) who was chief 
operator at the <^eenston generating 
station of the Hydro-Eleotric Power Com¬ 
mission of Ontario, Niagara Falls, N, Y., 
has been transferred to its new Chats 
^Falls plant, Fitzroy Harbour, Ontario. 


William Shttlbb (M*24) who has been 
serving'' the Columbia Engineering & 
Management Corporation, Cincinnati, 
Ohio, as its electrioal engineer now has 
made new connections with the Dayton 
Power & light Company, Dayton, Ohio. 


P« A. beMars (M’31) who was pre¬ 
viously professor of electrical engineering 
at Tufts College as well as consulting 
engineer, Boston, Mass., recently was 
chosen technical director of the Shepard 
Broadcasting Service, Inc., in that city. 


0. W. Walter {M*29) research engi¬ 
neer, Hall Electric Heating Company, 
Ino., Philadelphia, Pa., now is assistant 
professor in electrical engineering at 
The College of the City of New York and 
is residing at Hastings-on-Hudson. 

W. ViassMAN (M*29) mechanical and 
electrical engineer, Bureau of Mechanical 
and Electrical Service, City of Baltimoie, 
Md. now is engaged in an industrial 
consultant service of his own as mechani¬ 
cal-electrical engineer in that city. 


R. L. Cotton (A*30) junior engineer 
Mth"the New York Edison Company, 
New York, N. Y., has made new affilia- 
tions with the American Radio News 
Oorporafion, New York, N. Y., which he 
will serve as station engineer. 


C. E. Ceopoot (M’28) who previously 
was in the technical high school depart¬ 
ment of the Utica Free Academy, Utica, 
New York, now is in the technic^ school 
department of the Mount Pleasant High 
School, Schenectady, N. Y. 


W.^W. Maoalpinb (A*30) who has 
been (adio engineer for the Intei^tional 
Communication Laboratories, Mount 
Vernon, N^ Y., h^ been chosen director of 
research, Coinmuj|ic%tion Patents, Incor- 
*porat3d, at Ampere, N. J. 


M. B. Wtbian (A*30) who for some time 
was central station engineer of the general 
engineering department, Westinghouse ^ 
Elec. & Mfg. Company, East Pittsburgh, 
Pa., now h s removed to this company’s 
office at St. Louis, Mo. 


A. J. Bronold (A*29) sides assistant of 
the Westinghouse Electric & Mani^ao- 
turing Company’s specialist group, Pitts¬ 
burgh, Pa., has made recent affiliations 
with the Westinghouse Lamp Company, 
at Columbus, Ohio. 


A. B. Chapman (A’29) who for some 
time has been serving the RCA Victor 
Company, Incorporated, as service engi¬ 
neer at Oklahoma City, Okla., now has 
taken up new work for that company at 
Dallas, Texas. 


W. M. Young (A’24) of the department 
of electrical engineering. University of 
Iowa, Iowa Cil^, la., has joined the 
engineering research department of the 
Taylor Instrument Company, Rochester, 
N.Y. 


H. A. Barbb (A’ll) chief engineer of 
the Southern California Edison Company, 
Ltd., Los Angeles, serves with E. R. 
Davis on the recently created engineering 
executive committee of that organization. 


H. B. Briggs, Jr. (A’30) who has been 
located in New York, N. Y. as electrioal 
engineer for Theodore E. Ferris, has 
accepted position with the Bath Iron 
Works Corporation, at Bath, Me. 


B. A, Preishl (A’30) who has been 
switchboard draftsman for the Westing¬ 
house Eleo. & Mfg. Company, Buffalo, 
N. Y., now has joined that company’s 
forces at Newark, New Jersey. 


H. Romandbr (A’28) engineer. Federal 
Telegraph Company, Palo Alto, Calif., 
has removed to Newark, N. J., where he 
will serve the Federal company in the 
capacity of radio engineer. 


A. D. Pbttibe (A’20) consulting engi¬ 
neer for the General Gable Con>oration at 
Perth Amboy, N. J., now is consulting 
engineer for accessories at the Chicago 
office of the corporation. 

H. E. Gumbabt (A*25) who was serving 
as division sales engined for the Brown 
Company, Chicago, HI., now has been 


transferred to the company’s Office 
Portland, Maine. 

G. EL Morrison (A’23) electrical engi¬ 
neer, Federal Telegraph Company, Palo 
Alto, Calif., has removed to Newark, N. J. 
where he is still serving this company. 


S. L. PooHAR (A’31) field service engi¬ 
neer for the RCA Photophone, Inc., 
Atlanta, Ga., has been transferred to that 
company’s offices at Irwin, Pa. 

J. 3. Mahan (F’27) field engineer of 
Steel & Tubes, Inc., C^eago, Bl., now is 
serving Electrotrim, Incorporated, of that 
city, in like capacity. 


Hugh Skilling (A’28) of San Diego, 
Calif., has removed to Stanford Uni¬ 
versity, Calif., for university work there. 


OLilaarY 


Garnett Holstein B^nkb (A’ 16) engi¬ 
neer of the power sales division of the 
Alabama Power Company, Birmingham, 
Ala., with which he had been associated 
since 1922, died at Ms home September 
.18,1931, of pneumonia. He was bom at 
Bertha, Va., July 20,1891, was a student 
in eleotrioid engineering at the Virginia 
Pol 3 ^chmc Institute, and immediately 
thereafter engaged in machine shop 
practise and genend oonstruction with 
the Mathieson Alkali Works. During 
the period 1912-1913 he was in the elec¬ 
trical departments of the Norfolk and 
Western RaQway, wheore he was called 
upon to study a multiplicity of electrical 
application. In the subsequent position 
of chief electrioiaa for the Gilliam Coal 
and Coke Company, the Arlington Coal 
and Coke Company, the Shawnee Qoal 
and Coke Company and the Glen Alum 
Coal Company (in advisory capacity) he 
was given charge of all of their electrical 
and mechanical work involving mainte¬ 
nance and construction of power plants 
and machine shops. This was his posi¬ 
tion until he joined thq U. S. government 
forces at the Hog Island Shipyard, theneq 
to be transferred to the government 
aviation department at League Island. 
Shortly after the close of the war, Mr. 
Finks became connected with the MOl & 
Mine Engineers, at Binumgham, Ala., 
which led in 1922 to his being chosen 
power engineer of the sales department of 
the Alabama Power Company, his last 
position. 


NOViMBEiri^Sl 


918 



9 Harold Calvert (A*17) consulting 
engineer with the firm Calvert & Bames, 
Philadelphia^ Pa., died June 27, 1931, in 
^Philadelphia, the city of his birth. He 
was bom April 7,1875. He attended the 
UniversitJ^ of Pennsylvania, graduating 
in 1893 with the degree of B. 8. in £. E.; 
in 1897 he obtained his E. E* degree from 
this same university. His first work in 
the practical field of electricity was on 
storage battery mstallations and switch¬ 
board design, in the drafting department 
of the Electric Sto^e Battery Com¬ 
pany of Philadelphia. In 1900 he be¬ 
came draftsman for the firm of McIntosh 
St Seymour, Auburn, N. J., on engine 
design, and two years later he joined the 
Philadelphia Electric Company as drafts¬ 
man on station design; later becoming 
inspector on station construction, and 
still later made estimating engineer for 
the writing of wiring specifications for 
light and power. From this work Mr. 
Calvert was promoted again to the charge 
of design and inspection of customers* 
installations, later forming his own 
company. In this practise Mr. Calvert 
but emphasized his already established 
reputation as a worthy consultant. 


OuvBR Jackson Bushnbll (M*19) 
superintendent of the meter d partment 
of the Commonwealth Edison Company, 
^ Chicago, Ill., died recently at his home in 
Hinsdale, HI. He was bom at Eockton, 
HI., September 13, 1871. Shortly after 
being graduated from a classical course at 
Beloit College, he entered the employ of 
the Chicago Edison Company, and in 
1895 was appointed superintendent of the 
meter department. As a member and 
later chairman of the meter committee 
of the Association of Edison Illuminating 
Companies he assisted in the preparation 
of the meter code; and as chairman of the 
N.E.L.A. meter committee, he instituted 
and supervised the preparation and publi¬ 
cation of the ElectrioiJ Meterman’s 
Handbook. In 1919 he joined the 
Commonwealth Edison Company to take 
direct charge of the customers* meter 


engineeriug including the 80,000 demaud 
meters of the company. Only recently 
he was appointed to the committee of 
advisors on measuring instrum^'ents of the 
United States national committee of 
the International Electrotechnical Com- 
missioii. 


Cyril Thomas Wall (A’31) of St. , 
Paul, Minn., died August 22, 1931. He 
was bom at Evansville, Ind., March 
30, 1906, and was student equipment 
engineer for the Northwestern Bell Tele¬ 
phone Co., chief engineer’s department, 
Minneapolis, Minn. His degree of 
Bachelor of B. B. was conferred upon him 
by the University of Minnesota, June 
1930. 




Giftobd LeClbar (A*97-M*28) promi¬ 
nent member of the engineering firm of 
Densmore, LeClear St Robbins, Boston, 
Mass., died at bis home in Waban, Mass., 
September 24,1931, at the age of 57. He 
was a native of Rutherford, N. J. He 
won his A. B. degree from Harvard Uni¬ 
versity in 1895 and his A. M. in 1896. 
For three years he was assistant professor 
of physics at Harvard, later obtaining 
practical experience with the West End 
Street Railway. In 1898 his own com¬ 
pany was formed, first as Densmore St 
LeClear aud later as Densmore, LeClear 
St Robbins, architects and engineers. 
Mr. LeClear took charge of the electrical 
work. As an engineer he enjoyed a 
national reputation; his design and engi¬ 
neering skill is associated with the erec¬ 
tion of the Harvard Medical School group 
of bufldings in Boston, and for many years 
his genius was called upon for similar 
institutional work in this locality. He 
also served on a committee which 
out a comprehensive traffic signal system 
for the city of Boston. Many of this 
city’s latest and most modem buildings 
are products of his ingenuity. He was 
one of the leading spirits of the city. 


Joseph Bijub (A’94-F’13) president of 
the Bijur Lubricating Corporation, New 
York Qty, and Life Member of the Ihsti- 
tulie; died suddenly 6otbber icft,''i931. 
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District 6 Executive 
Committee Meeb at Omaha 

On Sept. 28, 1931, the executive com¬ 
mittee for the Institute’s Nori^ Central 
District met in the Telephone Building 
at Omaha, Neb. Present were P. H. 
Patton (Omaha) District vice-president; 
N. R. I^ve and Dr. R. B. N 3 rswander of 
the Denver Section; H. F. Rice of Grand 
Forks, N, D.; A. L. Turner (Omaha) and 
Clarence Talsma (Omaha) of the Neb¬ 
raska Section; and C. E; Skirmer, presi¬ 
dent of the Institute. 

Following Doctor Sldnner’s informal 
talk about Institute policies and prob¬ 
lems, the oommittee turned to its routine 
business electing Vice-President Patton 
as District delegate on the national 
nominating committee, with A. L. Turner 
as an alternate. To serve on the District 
prize awards committee, H. S. Sands of 
Denver was appointed chairman of a 
committee to consist of himself, A. L. 
Jones of Denver, and C. D. Robison of 
Omaha. 

Ways and means were discussed of 
stimulating greater participation in Insti¬ 
tute affairs by both Members and 
Enrolled Students. It is contemplated 
that efforts will be made to stimulate the 
preparation and pre^tation of more 
papers by both Section members and 
students, so that there may be a larger 
number of papers available for prize 
comi»6tition. It was urged also that 
qualified persons contemplating trips 
through, the District should be enoour- 


aged to arrange stop-overs in order to per¬ 
mit them to address the Student Branches 
particularly those farther removed from 
the headquarters of the District’s two 
sections. In this connection also was 
mentioned the success attending the 
Denver Section’s practise of holding its 
annual business meeting on the campus 
of the University of Colorado (Boulder) 
in cooperation with the'students “engi¬ 
neers’ day” activities.. 


District 2 Executive 
Committee Meets at Pittsbursh 

To transact matters of routine business 
and to plan for future District meetings, 
the executive committee of the Institute’s 
Middle Eastern District met at the Key¬ 
stone Athletic Club, Pittsburgh, Pa!, 
Sept. 15, 1931. Representatives present 
were: vice-president^ W. B. Kouwenhoven 
(Baltimore, Md.); aecreiary, Q. S. Diehl 
(Baltimore, Md.); aeeistant national aec- * 
retary, H. H. Henline (New York); 
Section chairmeny R. R. Krammes (Akron, 
Ohio); K. A. Hawley (Baltimore, Md.); 
B. S. Fields (Omcimiati, Ohio); G, jL 
Koritzky (Cleveland, Ohio); P. R.rUriah 
(Brie, Pa,); Morlimd Bang (Lehigh 
Valley); F. A. Connor (Pittsburgh, Pa./; 
R. M. Field (Sharon, Pa.); J. A. Din- 
widdie (Toledo, Oimf; G.'^L. Weller 
(Washington, D. C.); Section fiecr^rieal. 

, ^ ^ 
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Toledo 


R. A, Hudson (Akron, Ohio); John Wells 
(Baltimore, Md.); J- A. Noertker (Cin- 
oinnati, OUo); F. E. Snell (develand, 
Ohio); R.* Mallory (Columbus, Ohio); 
0. V. Roberts (Erie, Pa.); J. L. MacBurney 
(Philadelphia, Pa.); T. Spooner (Pitts¬ 
burgh, Pa.)r aliemate for secretary, P. R. 
Mueller (Washington, D. C.). 

As District representatiye on the 
national nominating oommittee, F. J. 
jChesterman (A*20-P*22) of Pittsburgh, 
Pa., was elected and authorized to go 
uninstructed. As members of the District 
ooordinating committee, in addition to 
the District vipe-president and secretary, 
K. A. Hawley (Baltimore, Md.) G. L. 
Weller (Washington, D. C.) F. A. Connor 
(Pittsbuigh, Pa.) and C. N. Johnson 
(Philadelphia, Pa.), Section officers, and 
Prof. J. T. Walther (Akron, Ohio) as 
student Branch counselor, were elected. 
To round out the District meeting oom¬ 
mittee, which is composed of the dis¬ 
trict^ coordinating oommittee and two 
members from the Section where the next 
proposed District meeting is to be held, 
K. A. Hawley, chairman of the Baltimore 
Section, appointed A. F. Bang and L. G. 
Smith. 

To serve District No. 2 as a prize 
award committee. Dr. M. G* Lloyd, 
Washington, D. C., was elected to serve 
as chairman, along with Prof. T. D. 
Owens, (Cleveland, Ohio) and W. A. 
Hillebrand (Barberton, Ohio). 

The District committee is planning for 
a 1932 fall District meeting to bo held 
in Baltimore, and contemplates the po8« 
sibility of a District meeting at Akron, 
Ohio, for the spring of 1933. Ways and 
means of • stimulating Section activities 
were discussed and the desirability of 
pursuing unrelenting membership activi¬ 
ties was emphasized. 


'N. y. Section to Hear 

About Suburban Electrification 


FaHnw 

iSe«9ion l^leeiings 


Akron 

November 10, 1931 —Oil Pubipica- 
TioN, by R. P. Dunmire, Buckeye Labora¬ 
tories, Inc. 

December 8, 1931— Tblbvision, by 
J. 0. Perrine, American Tel. & Tel. Co. 


^ November 20, 1931— ^Powbr Trans- 

VORMBR DbSION AND TaP ChANOINQ* 

Under Load, by L. H. Qill, AUis 
Chalmers Mfg. Co. 

Talk by James Dinwiddie, Westing- 
house El6ctrio.& Mfg. Co. 

December 9, 1931— ^Television, Its 
Fundamental, Physical and Psycho¬ 
logical Pbinciplbs, by J. 0. Perrine, 
Amerioan Tel. & Tel. Co.; 

Protective Relays, by J. H. Himt, 
Toledo Edison Co. 


Cleyeland 


November 10, 1931— ^Engineering xn 
Russia, by Arthur G. McKee, President, 
Arthur G. McKee <& Co. 

December 17, 1931— Behind the 

Scenes, by Dr. Zay Jeffries, metallurgical 
engineer and consultant; W. L. Enfield, 
manager, incandescent lamp develop¬ 
ment laboratory* Both of these speakers 
are with the General Electric Company at 
Nela Park. Joint meeting with the 
Illuminating Engineering Society. 

Dallas 


Pasl 

SiecUon l^eetinos 


Boston 

Inspection trip through the new 
Herald-Traveler Building. October 3. 
Attendance 300. 


November 23,1931—Communications, 
by H. S. Osborne, American Tel. & Tel. 
Co. 

Detroit-Ann Arbor 

November 10, 1931— Power System 
Stability, by Robert Treat, General 
Electric Company. Meeting to be held 
at Jadkson, Mioh. 

December 1, 1931 —Subject to be 
announced later. Meeting to be held 
at Detroit Edison Auditorium. 

Lehigh VaUey 

November 13, 1931— Power System 
Operation, by George M. Keenan, 
superintendent of the PennsylvaniarNew 
Jersey 220-kv. Interconnection. Arrange¬ 
ments have tdso been made to virit and 
inspect the Service Depot of the Metro¬ 
politan Edison Co. in Readiog. 


Chicago 

Industrial Russia, by John M. 
Carmody, editor. Factory & Industrial 
Management. Dinner preceded the meet¬ 
ing. Joint meeting with the Western 
Society of Engineers and the A.S.M.E. 
September 21. Attendance 650. 

Cincinnati 

Lighting fob BIealth—^Latest Types 
OT Equipment and Methods of Appli¬ 
cation, by Carl B. Egeler, General Elec¬ 
tric Co. Dinner preceded the meeting. 
September 10. Attendance 62. 

Dallas 

The Use op Blbctbioitt and Radiant 
Energy in Medicine, by Dr. Charles L. 
Martin. Blustrated wi^ slides, charts, 
and demonstrations. September 26. At¬ 
tendance 81. 


Suburban electrifioation will be the 
topic for discussion at a meeting to be 
held at 7:30 p. m. on Tuesday, November 
10, 1931, in Room 1 of the Engineering 
Societies Building, 33 West 39 Street, 
New York, N. Y., by the Transportation 
Group of the Institate’s New York 
^ Seotion. 

G. A. Wright of the Reading Company 
will give a talk on the Reading eleotrifioa- 
tion, describing the construction and 
illustr ting with moving pictures the 
interesting steps* leading up to inaugura¬ 
tion o^rvice. 

' R. M. White of the Delaware,, Lac^ 
wanna & Western Rwlroad will outline 
the experidhces o7 a^raflroad which has 
for tb^ past ye& operated suburban 
traffic under elootric power. 


Pittsburgh 

November 10, 1931— Lightning Pro¬ 
tection OF Overhead Transmission 
Systems, by W. W. Lewis, General 
Eleotrio Co. 

December 8, 1931— ^Recent Develop¬ 
ments IN Electrical Ebseaboh, by 
Dr. Phillips Thomas, Westinghouse Bleo. 
A^Mfg.Co. 

Rochester 

November 9, 1931— Experimental 

Visual Broadcasting, by A. B. Cham¬ 
berlain, Columbia Broadmtmg System; 

Advances in ' Ultra Short Wave « 
Transmission and REOBtook, ' ‘ by. 
Bdwtkrd Kaxplus, General Radio Cq. ■ 
Joint meeting with the I. R. E* 


Denver 

Demonstration op Induction Bi^ 
TWEEN Power and Telephone Circuits, 
by H. R. Huntley, American TeL & TeL 
Co. September 9. Attendance 205. 

Some Institute Problems, by 0. E. 
Skiimer, president of the 'A.I.E.E.,' and' 
assistant director of engineering, Wesl^r.. 
' house Electrio & Mfg. Co. Doctor 
Skinner showed motion pictures wMoh he 
had taken during Ms recent wbrld 
Dinner preceded the meeting. SCptem^f^ 
her25. Attendance 15, ' 'I' 

Detroit-Ann Arbor ^ 

'Ay^ATtok^ by ^ B. Stbui^ Stout 
pii»%)t^|^ries. ...Mt./ Stottt' 
dC^bed' s6m%^m 'tfiei’* which “ 


Noveubbk 1931 , 
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h£ve been met in developing oommeroial 
aviation. Annuid dinner meeting. Sep* 
tember 15. Attendance 150. 

Erie 

Unemployment prom Tbchnolooical 
Standpoint, by Laurence A. Hawkins, 
Qeneral Electric Company. September 
15. Attendance 75. 

Houston 

-- Production and Application op 
Light, by V. O. Clements, Westingbouse 
Electric &MfgL Co.; 

Electrical Equipment for Oil Field 
Operation, by I. T. Hoekaday, Qeneral 
Electric Co.; 

The Ebsponsibilitt of Members op 
THE A.I.E.E. TO Their Local Section, 
by J. E. Sheehan, Houston Lighting & 
Power Co.; 

R^sumi^ of Lightning Protection 
ON Transmission Lines, by E. J. 
Shimek, Rice Institute. The above 
papers were taken from articles published 
in Electrical Engineerinq and each 
was presented in approximately twenty 
minutes. Dinner preceded the meeting. 
September 17. Attendance 30. 

Los Angeles 

Some Institute Problems, by C. E. 
Skinner, president of the AJ.E.E., and 
assistant director of engineering, Westing- 
house Elec. & Mfg. Co.; 

An Electrical Engineer’s Part in 
Aviation, by C. P. Qreen, Qeneral Bleo- 
trio Co. Past-chairman H. W. Hitch¬ 
cock and chairman P. S. Biegler gave 
brief reports of the Asheville and Lake 
Tahoe conventions, respectively. Din¬ 
ner preceded the meeting. September 8. 
Attendance 96. 

Louisrille 

RecreationaJ meeting. September 25. 
Attendance 69. 

Memphis 

Tata Hydroelectric Development 
IN West India, by M. Eldredge, Mem¬ 
phis Power & Light Co. September 8. 
Attendance 48. 

Merieo 

Dinner meeting at which the officers for 
the term 1931-32 were announoed as 
foEows; E. P. Lopez, chairman; L. Castro, 
secretary; P, Aubert, treasurer. Septem¬ 
ber 22. Attendance 40. 

Minnesota 

A. A. Kearney, Manilla Electric Ught- 
ing & Power Co., gave a talk on interest¬ 
ing phases of his experiences in the 
Orient. September 22, Attendance 44. 

f^aga^ IVonrier 

Some Enginesrinq Peatubbs of the 
Niagara-Hudbon STSTicM, by Norman 
R. Qibson, Niagara-JHlidson power Co.;. 
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The New 60-Ctclb Distribution 
System in Buffalo, by R. T. Henry, 
' Buffalo, Niagara & Eastern Power Corp. 
Dinner was held at the Hotel Statler 
preceding the meeting. September 18. 
Attendance 120. 

Oklahoma Oty 

Taping of High Voltage Cable 
Joints, by R. Schaeffer, ByEesby Engi¬ 
neering & Mgt. Corp.; 

Piloted Ground Wire Study, by 
J. D. Browder, Oklahoma Qas & Elec¬ 
tric Co.; 

The Asheville Convention, by C. T. 
Almquist, University of Oklahoma, and 
delegate of the Section to the summer 
convention; 

The EIansas City District Meeting, 
by P. J. Meyer, Oklahoma Gas & Elec. 
Co. Dinner preceded the meeting. Sep¬ 
tember 21. Attendance 70. 

Pittsburgh 

Inspection trip through the plants of 
the Pennsylvania Rubber Co. and the 
Paramount Rubber Co. Joint meeting 
with the Engineers’ Society of Western 
Pennsylvania. September 15. Atten¬ 
dance 195. 

Portland 

Recollections, by 0. B. ColdweE, 
Qeneral Electric Co. Dinner meeting. 
September 22. Attendance 55. 

St. Louis 

Social meeting. September 23. At¬ 
tendance 205. 

San Antonio 

P. A. Dale, Emory Peek & Rockwood, 
spoke about the HamEton Dam under 
construction on the upper Colorado river, 
niustrated with sEdes. September 22. 
Atteudano642. 

San Francisco 

Some Institute Problems, by C. E. 
Skinner, president of the A.I.E.E., and 
assistant director of engineering, Westing- 
house Electric 4b Mfg. Qo. Doctor 
Skinne r showed several Elms takeu on his 
recent trip around the world. Meeting 
was preceded by a dinner. I^ptember 11. 
Attendance 82. 

Some Thoughts on Waves, by O. B. 
Blackwell, American Tel. <& Tel. Co. 
Illustrated with slides. Dinner meeting. 
October 2. Attendance 156. 

Sharon 

Lightning Surges on Transmission 
Lines, by J. Torok, W stinghouse 
Electric 4b Mfjg. Co. October 6. At¬ 
tendance 112. 


Spokane 

Report of Summer Convention and 
Brief Description of Papers Pre¬ 
sented AT Asheville,. by L. Traub, 
Home Tel. & Tel. Co., and delegate of the 
Seotion. September 25. Attendance 7. 

Toledo 

Results of Seven Years Radio 
Interference Investigation, by Fred 
C. Helwig, Toledo Edison Co.; 

Symmetrical Components, Theory, 
AND Application, by B. C. Harker, 
Westinghouse Elec. 4b Mfg. Co. Septem-< 
her 25. Attendance 55. • 

Toronto 

« 

Economics, A Challenge to the 
Engineer, by Roy V. Wright, president 
A.S.M.B. Short talks by S. Q. Porter, 
president, Engineering Institute of 
Canada, and L. B. Chubbuck, Canadian 
Westinghouse Co., Ltd., vice-presi^pnt, 
Canada District No. 10, A.I.E.E. Joint 
meeting with the A.S.M.E. and Engi¬ 
neering Institute of Canada. October 2. 
Attendance 125. 

Utah 

Some Institute Problems, by C. B. 
Skinner, president of the A.I.E.E., and 
assistant director of engineering, Westing¬ 
house Electric 4b Mfg. Co. Doctor 
Skiimer showed and explained some 
pictures of the Orient taken on the occa¬ 
sion of his visit to that part of the world 
when he was a delegate to the World 
Engineering Congress. September 15. 
Attendance 75. 

Yancourer • 

In8x>ection trip to the new fire alarm 
headquarters. C. 0. Mulligan gave a 
description of the central fire alarm sys¬ 
tem and conducted the party through the 
various rooms of the building. Septem¬ 
ber 12. Attendance 30. 


Past 


University of Arkansas 

Study of Blbotrioal Grounds, by 
Ned Muse, student. (Setober 6. At¬ 
tendance 33. * 

University of CaMfornia 

Prof. G. B. Bern,♦Princeton Uni- 
gave a talk qn the d6sijg:n of 
susj^ension bridges and oth^ struijiures. * 
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Illustrated. Joiut meeting -with the 
A.S.C.E. and A.S.M.E.» to which the 
public was invited. September 3. At¬ 
tendance 

Initiation banquet. Mooilumne Rivbb 
AND Salt Springs Project, by 0. W. 
Peterson, PSUsific Qas & Electric Co.; 

Joseph Henry, by Kenneth Hines, 
student. September 11. Attendance 41. 

V. T. Johnson, chairman, gave a 
synopsis of his trip to the Pacific Coast 
convention held at Lake Tahoe in 
August. Prof. B. L. Robertson outlined 
Jhis experiences with the General Electric 
Co.^'and at Pennsylvania State College. 
Prof. T. C. idcParland gave a talk on 
his trip to the east and his experiences at 
the Bell Telephone Laboratories, Inc., in 
New York. September 23. Attendance 
57. 

Clemson Agricultural College 

Lighting Disturbances, by A. S. 
Teague, student; 

A Talk on Telephones, by W. M. 
Thames, student; 

Industries New Responsibilities, by 
L. C. Black, student; 

Current Events, by J. M. Turner, 
student. Short talks by Prof. S. R. 
Rhodes, counselor, and G. C. Jones, 
student. October 1. Attendance 46. 

University of Denver 

Advantages of Student Member¬ 
ship, by Prof. R. E. Nyswander, counse¬ 
lor; 

Fields of the A.I.E.E., by L. C. 
Trossler, Branch chairman. September 
21. Attendance 18. 

Film ^‘Big Deeds.’* September 29. 
Attendance 31. 

University of Kansas 

Mr. Evanson, General Electric Co., 
gave a demonstrated lecture on oamer 
currents superimposed on power lines. 
Hlustrated. October I. Attendance 85. 

University of Kentucky 

Election of officers as follows: W. A. 
Hunter, ohairmaii; H. F. Day, secretary- 
treasurer. September 16. 

History, Aims, and Purposes of 
A.I.B.B., by Prof. W. E. Freeman, 
counselor, and vice-president, Southern 
District No. 4, AJ.E.E. September 30. 

University of Louisville 

Electric Welding, by W. Stafford, 
student; 

Oil Filled Cables, by C. Best, 
student. July 17. Attendance 11. 

3ch ol of Mines & Metallurgy 

EleotioiFof officeic? as follows: W. 0. 
Wbo^, chairman; Wm. Pickles, vice- 
ehainnan; W. Short, seoretary-trea- 

November leSl 


surer. Three films shown as follows: 

*‘Pictures by Wir “Voices Across the 
Sea,” and “That Big Little Fellow.”^ 
September 30. Attendance IS. 

University of Missouri 

Prof. M. P. Weinbaol^, counselor, spoke 
in detail concerning the purpose and 
organization of the A.l.E.E. Election of 
officers as follows: James E. Shepherd, 
chairman; Alfred L. Coffman, vice- 
ohairman; Leslie £. Bates, Jr., secretary- 
treasurer. September 30. Attendance 
50. 

University of Nebraska 

General discussion of programs for 
future meetings. September 30. At¬ 
tendance 0. 

Newark College of Engineering 

Magnetic Testing, by Mr. Shedd, 
student. Election of officers as follows: 
Edward Olsta, president; John G. Woehl- 
ing, vice-president, Albert E. Day, 
secretary; George Barker, treasurer. 
September 21. Attendance 29. 

University of North Carolina 

Talks on the advantages of student 
enrolment in the A.I.E.E. by Profs. 
J. E. Lear, Bennett, and E. W. Winkler. 
October 1. Attendance 40. 

Pennsylvania State College 

Annual smoker. October 7. Atten¬ 
dance 90. 

Pratt Institute 

W. H. Sutton, chairman, gave a brief 
account of last year’s activities and 
explained the purposes of the Student 
Branch and the advantages of member¬ 
ship in the A.I Jl.E. September 24. At¬ 
tendance 32. 

Inspection trip to the Hudson Avenue 
plant of the Brooklyn Edison Co. Octo¬ 
ber 5. Attendance 43. 

Rice Institute 

Aims and Activities of the AJ.B.E., 
by Prof. J. S. Waters, counselor. Septem¬ 
ber 30. Attendance 22. 

University of South Carolina 

Prof. T. F. Ball, counselor, gave a 
tfmm& of the activities at the Summer 
Convention held in Asheville, last June. 
October 2. Attendance 35. 

Southern Methodist University 

The advantages of student enrolment 
in the A.I.B.B. were presented by Prof, 
H. F. Huffman, counselor. Election of 
officers as follows: J. V. Melton, chair¬ 
man; R. W. Smith, vice-chairman; R. L. 
Allen, secretary-treasurer. September 9. 
Attendance 


General discussion of plans for futfire 
meetings. October 7. Attendance 15. 

Univerdty of Vermont 

Life and Work of PAdADAV, by 
Donald E. Child, chairman. September 
28. Attendance 20. 

Virginia Military Institute 

The Life of Faraday, by S. N. Garret, 
student; 

Photographic Aerial Surveying, by 
W. R. Fuller, student; 

Electric Welding, by L. DeCamps, 
student; 

Life of George Wbstinghouse, by 
S. R. Chisman, student. Prof. S. W. 
Anderson, counselor, explained the 
organization and purpose of the A.l.E.E. 
and welcomed the new students. Septem¬ 
ber 26. Attendance 76. 

Virginia Polytechnic Institute 

Discussion of Branch activities for the 
coming year. September 24. Atten¬ 
dance 21. 

Expansions and Improvements 
Being Made in Electrical Power 
Plants, by R. C. Hoffman, student; 

Communication, by M. W. Bowery, 
student. P. H. Cross elected secretary. 
October 1. Attendance 45. 

West Virginia University 

Election of officers as follows: A. W. 
Friend, president; D. C. Kennedy, vice- 
president; Philip Skaff, secretary, H. V. 
Looker, treasurer. September 21. At¬ 
tendance 30. 

The following talks were given by 
students: 

Ford Changes from D-C. .to A-C., 
by L, Palmer; 

Railway Electrification, by D. C. 
Kennedy; 

Electric Lighting Before Edison, 
byR. H.Colbom; 

Pressure Indicator on a Diesel 
Engine, by J. Elayauha; 

Pentode VACtnjM Tubes, by A. W. 
Friend. Prof. A. H. Forman, counse¬ 
lor, gave a short talk on the benefits of 
student enrolment in the Institute* 
September 28. Attendance 30. 

The following talks were given by 
students: 

Progress in Engineering, by L. P« 
Kerwin; 

Power Exploitation in Switzer¬ 
land, by W. MoMillian; 

Copper, by R. W. Blair; 

Power Transmission in South 
Africa, by L. Post; 

Injuries Produced by Surge Dis¬ 
charges, by J. L. Simpson; 

X-Rays, by J. B. Wallace; 

Vacuum Tubbs, by F. Q. Brown; 
Short Radio Waves, by N. L Hall. 
October'5. Attendance 80. 
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iploynieiit ilioies 

tLcrEngiDeering SodeliMi Employm«nt Service 


Position 

Available 


1924 GRADUATE ELEOTBIOAL BNOI- 
NBEB available at once. Six years* research 
and practical oiroerlence on insulation and cables 
of all kinds. Two years' work on inductive 
coordination. Best of references. 02282. 


SAIiBS ENGINEER. An electric cable 
manufacturer wants a man to manage one of its 
branch sales offices. He must have a thnmugh 
electrical en^eering education, either uffiver- 
sity or pracocal training. He must have had 
sales experience in the industrial field. He must 
nave had sufficient executive experience to 
handle and direct men. If you do not have 
^ee requisites please do not apply. If you 
have here Is a real opportunity, w-2758 0. 


^1931 GRADUATE ELECTRICAL ENGI¬ 
NEER, B. S. degree, single, age 22, American. 
Desires position in the electrical Industry with 
an opportunity for advancement. Location, 
immaterial. Available immediately. 09909. 

1930 ELECTRICAL ENGINEER, Drexel 
Institute, 24, single, In very good health, 1^4 
years* experience in making complete electrical 
tests on distribution, power and rectifier trans¬ 
formers, and metering eq^pment. Also G. E. 
Test fioor experience. Desires position with 
public utility, or industrial concern. Available 
at once. Location, immateriai. 09913. 


concern offering a future, or as instructor in 
electrical englneerl^. Location, immateriai. 
Avaiiable at once. 09607. 


Aujsu 1 jtJNUiJNJjiisu, as, single. 

Gi^uate Georgia Tech *29, B. 8. In electrical 
and dvil engineei'lng. Westin^ouse Test 
floor, engincermg school and design school. 
Oim y^'s ^erionce In turbine generator 
design including devdopment work. Desires 
position with future. Location r immaterial. 
Available immediately. 09923. 


^ ELECTRICAL ENGINEER. B. S. in B. E.. 
Case *29, age 23, slnglef. Two years* varied 
e:q)erlence with General Electric Company. 
Desirous of position with opportunities. Avail¬ 
able Immediately. 0-9918. 


ENGINEERING 
GRADUATE, age 22, single, B. 8. in E. E. at 
Carn^e Tech. Tau Beta Pi. Experienced In 
dating and pow^ substation construction. 
Desires position in railroad electrification or 
operation, or with other power engineering firm. 
Location, immaterial, Availablfi immcoiatelya 


GRADUATE ELECTRICAL ENGINEER, 
1929. Ohio State Univers^. Age 26. mmrl^. 
Tau Beta Pi. One year Westinghouse student 
course. Sixteen months motor engineering, 
mostly synchronous motor desi^. Motor and 
werienco. Qood referonoes. 
Available immediately. C-9924. 


Men 

Available 

ELECTRIC^ ENGINEERING GRADU- 
A TE, age B. 8* in E. E. f^m well-known 
engineemg college. Ten mouths* experience on 
coostructioii. Desires employment with utility, 
. engineering, or manufacturing concern. Refer- 
^ces furnidi d. Available upon short notice. 
0-9886. 

ELECTRICAL ENGINEER, 33, married, 
B. 8. In B Jffi. Ten years’ experience as engineer 
with utiUty company. Fannliar with dedm of 
lines and stations; accounting set-ups; executive 
duties and powers; modem bu^ess practise; 
now studying corporation law. Avauable at 
once. 04734. 

1931 GRADUATE of five-year cooperative 
sdhool in eleotrical engineering. B. E. degree, 
age ^ siD^. Oo^peratiyo exigence includes 
maxi^e^^praetts^ tdephone central office 
trouble footing, and expmence with large 
mimidpal ^ejKrm system. Desires position 
vriw manufacturing concern or public utfli^. 
Willing to start at bottom. Location, Midme 
preferred, but elsewhere satisfactory. 

ELEOTRICAL ENGINEER, graduate 
Leffigh University *22. Experiencaa in all 
Kinds of constructfon, transmission work, power 
plants, substationa, etc., chiefly as draftinnan 
laying out such work. Famflitf with deotrifl- 
oatira in antiuradte Adds. WfiUiig to accept 
rngineering or any other dectrical 
p^tkm. Eastem^tates preferred but any¬ 
where constdered. 0-9723. 

BLEOTRIOAL ENGINEER. tedmical 
Mhool graduate. Thoroughly f«.mhtM» -^th ^e 
layout wd de sign of poviw and substations 
having hdd posiblon or engineering supervisor 


meitertesi 


>le at once. 


ENGINEERING 

GHEtADUATB of n^westem university. 

Experi^ce limited but hidudes 
te ohnl c M work acquired from summer employ¬ 
ment with street rulway and ceramic Industry. 
Ooipes taken iadude^vacuum tube control 
devioM and radio. Desires p<^tlon wi& 
manufacturing or engineering concern, 0-9OT9. 

BNdHNEBR. 

37, ma^ed. Twdve years with Westinghouse; 
appratice course, sales and Shop. One and 
one-half years western dectrical en^eering 
deparm^t, ^ting inspectloa methodinistr^ 
tfo^. Eno^edge of oscillograph testing and 
meters, 0-8817, 

BLBOTRip.<Mi BNGINBER. 21. single. 
B. 8. d^a^ee in E. B., A M* OoAege of Texas. 
1981, hdd^ of government ^ 

operators licem. Two years* experience In 
r^o work. Desires p<^tion In raSo or tde- 
phon indust^. Avallahle at once, wm go 
anywherq. 0-9688, ^ 

enginebr, 
Uhiverstty oi 

North 1931, Four years* eoroerience 

in radio work. Desires postmen uradUo or 
vacuum-tube iMimtries: excellent referenoM; 

available upon<^o weda^ 


CONSULTING ENGINEER, New York 
City, haying good connections with companies 
building hi^ voltage switching stations, seeks 
to represent in the East fiiit class concern 
manufacturing equipment for same. 0-9332. 

TECHNICAL GRADUATE in electrical 
engineering. 29. single. 1}4 years G. B. Test: 
over ten years' oxporience with loading dectrical 
OTiwany in repair, testing of dectrical apparatus. 
Desures position in testing and mcperlmental 
work on motors, generators, etc. ]^ture 
prospects considered more important than initial 
sah^. Best of references. Available short 
notice. 0-8778. 


RECENT GRADUATE wants to uso scien¬ 
tific and engineering knowledge as background 
for commercial and management activities. 
Desires connection with leadmg concern, salary 
s^ondary. Foreign limfi^es, long residence 
abroad, good references. 0-9920. 

GRADUATE BLEOTRIOAL ENGINEER, 
1926, 28, single, year and a half G. B. Test, two 
years electrical construction in plants and sub- 
statiox^ for Ime utilities, one year superinten¬ 
dent electrical construction in steam luant and 
sutotations in Brazil. Desires podUon with 
utility on construction or operation work. 
Location, immaterial. C-4770. 

CONSTRUCTION 
St^ERINTBNDENT. Graduate dect^cal 
engtoeer, 39 years of a^, with some exp^ence 
in l^vy chemicals. Fifteen years or varied 
experience in utility operation, factory manage¬ 
ment, production engineering, radio %iid 
ohhstruction. Available at once. Lotion, 
immaterial. B-7340. 


ELECTRICAL ENGINEER. B, 3. E. E. de- 
fiyee m>m southern unlversily, 1931. age 21, 
single. Desires position with manufa^uring 


ELEOTRICAL ENGINEER, Pratt graduate 
1931. Some experience vdth rralstor units, alM 
with vacuum and photocell tubes. Has had 
office work In graphs, data, reports. Interested 
" " ’" tdevimon. 


in airport lightu 


—.^atihg, ... 

Eastern location preferred. C-5636. 


ion, and sodnd. 


PATENT ATTORNEY, graduate engineer, 
connected with a well-known firm spociaUzing 
in foreign applications. Desires to make a new 
connecaon. Familiar with design and develop¬ 
ment of small electrical and mechanical parts. 


BLEOTRIOAL ENGINEER, 22. single. 
University graduate *31. Desires Junior po^on 
in test or design departments of power machinery 
manufacturing concern. Bxpi^ence limited. 
Location proforred. Eastern. Available upon 
short notkM. C-9447. 


ELECTRICAL ENGINEER, 40, married, 
graduate Federal Technical University, Zurich, 
Switzerland. Experience In design, construc¬ 
tion, operation of power stations, substations, 
transmission lines, purchasing electriei equip¬ 
ment, duct lines ana cable wow, rallred elootri- 
licatlpn. catenary design, extensive knowledge. 
Available now, location, 

EXECUTIVE OR STAFF ASSISTAilT, 
engineering education. Fourteen years' bro^ 
experience with manufacturing, utility, and 
Industrka surveys covering: cost pMiuction. 
prodjuctlon^planDing. stwc&rds, wage incen- 
tives, sclentiflc management methods, statistical 
control systems, expense, and cost iuialy^. 
CapaMe orgmiizer. Profitable asEtotant to busy 
^ecutive. Prefers Bast. Consider any propo- 
sltioa. B-9122. 


BLEOTRIOAL ENGINEER, graduate 
reoomilzed southern university, 94, married. 
G. B. T^; broad experience uiwty field, 
particularly underground ssrstoms, inriuding 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


67 Post St. 

Son Frandsoo 
N. D. Cook. Manager 


206 West Wacker Drive 
Chicago 

L, B. Griffith, Manager 


81 WestSdthSt. 
New York 

W. y. Brown, Manager 


M AINTAINED by the national socte- 
ries of civil, mining, mechanioal, and 
electrical engineers,- in cooperation with 
the Western Society of Engineers. Chicago, 
and the Engtneers* Club of Ban Frandsco. 
An Inquiry addressed to any of the three 
offices will bring full information concern¬ 
ing the services of this bureau. 

Men Available-—^Brief announoemeuts 
will be pubUahed without charge; repeated 
only upon spectflo request and after one 
month’s interval. Names and records 
remain on file for three months; renewable 
upon request. Send announcements direct 
to Empl irment Service. 81 West a9th 
Street. New York, N. Y., to arrive not later 
than the fifteenth of the month* 


Opportimittea-—A weeldy bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $8 per quarter or $10 per 
annum, payable In advance. 

Voluntary Contributions-— Members 
benefiting through this service are invited 
to assist in its furtherance by personal con¬ 
tributions made within 80 days after placo* 
ment on the basis of 1,6 per cent of the 
first year's salary. 

Answers to Ann ounce men ts<— 
Address the key number indicated in 
each ease and mail to the^eff TorkOfiloe, 
wiUi an extra two-cent stamp' rnirlonod 
forfOrwarding. e* ^ 

^ 
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design, maintenance of low voltage a^^^. net- 
works. Desires position with utility with 
responsibility for design or maintenance of 
underground, overhead system, ‘ or manufac¬ 
turer working on design problems. liocatlon 
preferred. Middle West or Southwest. 0-1191. 

PHYSICIST, middle-aged, experience in 
industrial research, supervision of research, 
executive work and teaching physics for engi¬ 
neering and father classes of students. Ad¬ 
vanced degrees in physics from prominent 
American universities. Emphasis of electrical 
sntdects in training and teaching. Stability 
and opportimiby dedred. Available upon short 
notice. 0-7900. 

BLBCTRIOAIi BNGINBEB, 33, married, 
(graduate of Worcester Polytechnic Institute, 
1921, B. S. in E. E. Two years* experience in 
ndlway work, eight years in engineering, design, 
purch^ of equipment, and construction of 
power stations, switching stations and sub¬ 
stations. Desires sales engineering work. Loca¬ 
tion, New York Metropolitan prezerred. Avail¬ 
able immediately^ 0-0928. 

GRADUATE ELEOTRIOAL ENGINEER, 
B. S. in E. £. 1028. M. S. in E. E. 1929. Com¬ 
pleted Wiestliighoiise Graduate Student and 
Electrical Design school courses. One yeaT*8 
experience induction motor designer; six months 
laboratory instinjctor. Desires position as 
instructor on university staff or engineer with 
manufactuiing concern. Location, United 
States. 0-0936. 

ELEOTRIOAL ENGINEER. M. S. 1931 
from M. l.T. G. E. Tost including railway 
American, ago 22. married. Desires connection 
with electrical company or public utility or as 
indructor hi electrical engineering, physics, or 
mathematics. Location, immatenoT. 0-9942. 

GRADUATE ELEOTRIOAL ENGINEER, 
23, single. B. 8. in E. E. from University of 
Minnesota, eighteen months Genorsd Electric 
Test, tweuty-Qiree months telephone and tele- 


and remuneration considered secondary to 
opportunity offorod for future. Available at 
once. 0-9285. 

ELBOTHTOAL ENGINEER, 22. B. S. 
E. E., 1030. Desires connection with public 
ntillty, electrical or radio manufacturing com- 
pai^. O. E. Test experience* Six months 
work with vacuum t>iibes. Expoiience with 
kirge motors. Location, ImmaterlaL 0-9806. 

EXECUTIVE, Industrial physicist, technical 
graduate with diversified research experience 
and excelloat ongineerlng training, desires 
position with American organization. Will also 
consider opening as assistant to able engineer 
or business executi ve. B-8087. 

OOMMUNIOATIONS ENGINEER 
Twenty years* telephono, telegraph, and radio 
Inside and outside construction and maintenance 
experience, mostly abroad. Considerable knowl- 
edg modem high speed telegraph systems, 
relays and circuits, who expenence on wiring 
diagrams. Switchboards, etc. Oould economi- 
GtLuy modernize communication systems prefer^ 
ably abroad. 0-8806. 

BLBOTRIOAL ENGINSEIL 23, degree 
B. S. in E. E. University of New Hami^re^SO. 
Fourteen months G. E. Tost and general csourse. 
Test xperienco in transportation, motors, and 
generators and vacuum tubes. Nine months* 
^imipfir work h> main lino electiie railway shops. 
Interested in any engineering work. Available 
n short notice. 0-0859. 

GRADUATE ELEOTRIOAL BNGINBEB, 
ag 28, marled. Four years' experience in 
power plant and substation design. Eighteen 
months in tignal department of a rapid &ansit 
railroad, western Electric training course for 
switchboard engineer. Can refer ITeely to past 
ooxmections. Location immaterial. Available 
now. 0-9944. 

GRADUATE ELEOTRIOAL ENGINEER, 
42, married. Sixteen years' experience in 
design of small and fractional horseimwer 
motors including pol 3 rphase different tsr]^ of 
kingle-phase now on market and d-c. motors. 
Considerable experience in manufacturing, test¬ 
ing and cost analyzing. 0-9051. 

COST REDUCTION ENGINEER, coopera¬ 
tive eni^eering graduate, 1027, B. S. in E. B., 
desires position with manufacturer of electrical 
or mechanical products. One reciuiring experi¬ 
ence in ^lant layout, improvements, material 
handlin^^ shoo practises, chart .and 

statistical analysis. Would also consider tech¬ 
nical report work with an industrial appraiser. 
0-9016. 

ELEOTRIOAL ENGINEER, 45. university 
graduate, expenenced^ th various branches of 
fdeotrical engineering work of power companies, 
Ihchidlng work for mdustrial customers desires 
position power company or manufacturer. 
Fermonent poititton desired, but will consider 
temppraigrwork.« B-]i^28. 


ELEOTRIOAL ENGINEER, (mq 39, mar¬ 
ried, technical graduate. B. S. E. E. 1913. 
Eighteen years* experience iu the public utility 
flola. For the past eight years chief draftsman 
in charg of laige department doing substation 
and power house design. Socks new connection 
as company is dl^lving. Available im¬ 
mediately. 0-9053. 

ELEOTRIOAL ENGINEER, 33. with eight 
years* experience in erecting and instalUng el^ 
trical machinery and control apparatus. Also 
previous factory testing. 0-9064. 

ELEOTRIOAL ENGINEER. 21. single. 
1031 graduate with B. S. in £. £. Member of 
honorary fraternity in college and won scholar¬ 
ship tbi^ consecutive years. Sununer experi¬ 
ence with public utility. Interested in any 
electrical engineering field including vacuum- 
tube work. Available at once. Location. 
New York preferred, but not essential. 0-0467. 

RADIO ENGINEER, ago 31, married, B. S. 
in B, E. from one of the greatest Western uni¬ 
versities. Has broad theoretical and practical 
experience in radio engineering. Avmlablo at 
once. Now York Olty prefon*ed. 0-6734. 

PUBLIC UTILITY ENGINEER, technical 
ooUego graduate, age 37. Twelve years* 
diversified experience iu all branches of the 
utility business. Valuation work, rale investi¬ 
gation, cost analysis, statistical and financial 
research, ongineeimg and sales work. Services 
offered to any conmany requiring a trained 
public utility man. B-6782. 

1931 ELEOTRIOAL ENGINEERING 
GRADUATE, ago 22. B. S. E. E. In woll-known 
engineering college. Deshes connection with 
manufacturing or public utility concern. Four 
months* experlenco with a large power company. 
Michigan or bordering states preferred. Avail¬ 
able immediately. 0-9940. 

ELEOTRIOAL ENGINEER. 35. single, 
M. 1. T., general business experience, hydro¬ 
electric station operator one year: taught B. B. 
in univeral^ years; preparation of instruc¬ 
tion books for electrical and mechanical appara¬ 
tus 3 K years. Desires position in research and 
development or as instructor. New York Olty 
preferred but not essential. Available Im- 
modlately. 0-2481. 

GRADUATE ELEOTRIOAL ENGINEER. 
25. si^le, £. S. In E. E.. 1030 Mid West college. 
One year G. B. Tost including work on railway 
motors, control equipment and locomotives. 
RaUway or public utility work preferred. 
Location anywhere. Sali^ secondary to 
opportunity. Boforeoces. Avallablo Inu 
mediately. 0-9058. 

GRADUATE BLBOTRIOAL ENGINEER, 
23, of Rensselaer Polytechnic Institute, desires 
position in public relations dm>artment of power 
and lifl^t utill^ company. Two years of varied 
power and light experience. Location, im¬ 
material. 0-9057. 

DESIGN ENGINEER, college graduate, 
38, married. Nine years electrical substation 
and power house design, with switchboards, 
wiring diagrams, and all other important items. 
Five years testing engineer power station wd 
research la^ratorios. Speaks Spanish. Ger¬ 
man, and Hungarian fluen^. Available for 
immediate offer. Location, U.S.A. or any for¬ 
eign country. 0-9128. 

ELEOTRIOAL ENGINEER, 1030 graduate; 
cooperative experience on machinery layout and 


power wiring; recently employed elevat&r 
appliance design, layouts, test, reorganization. 
Eastern Pennsylvania preferred. 0-0963. 

ELEOTRIOAL ENGINEER, 35, married* 
with 15 years' experience. One year G. B. Test, 
Two years U. S. Navy. Twelve years with 
manufacturer of control spoclafties. Vast 
experience with elevators and elevator acces¬ 
sory equipment. Desires engagement with 
elevator manufacturer or one manufacturing a 
vailed line of control apparatus. Locate any¬ 
where. 0-9966. 

ELEOTRIOAL ENGINEER. 30. desires new 
location. Responsible, keen, with a good record 
covering 8 years' experience in the desifim. con¬ 
struction and operation of generation, trans¬ 
mission and distribution. Also successful experi¬ 
ence in rating, public relations. Special studies 
made of niral distribution and service. 0-0959. 

SALES ENGINEER, 22. single with auto¬ 
mobile. B. S. in E. £. Georgia Tech., 1029. 
Experience in all departments of a Southern 
utilities corporation. Eight months* sales experi¬ 
ence. Available anytime, anywhere. 0-9065. 

INDUSTRIAL ELEOTRIOAL ENGI¬ 
NEERING GRADUATE, Pratt Institute 
1031. 21, single. Specialized In high firequency 
circuits. Three years* experience in the radio 
field. Desires work with radio or sound con¬ 
cern. Available Immediately. Location, East. 
0-9904. 

JUNIOR ENGINEER, 1931 graduate, B. S, 
£. B. University of Alabama. Desires position 
with utility, construction, manufacturing com¬ 
pany. Location immaterial. Experienced in 
power plant and building installation and 
industrial control, having been employed for 
eight summer mouths and one full year first as 
electrician's helper and then as first dasa 
electrician. 0-9446. 

SALES EXECUTIVE: with etectrlcal train¬ 
ing. Seven years* experience in sales 
noering and sales through distributors. Wm 
acquainted with sales conditions In various parts 
of country. VTilling to tackle difficult Job. 
0-6431. 

ELEOTRIOAL ENGINEER 1931 graduate 
State University, B. S. d^ee E. E. and M. S. 
degree I. E. ^gle, 24. Experienced electri¬ 
cian on construction work with limited experi¬ 
ence as estimator in same field. Desires 
connection with engineoring. manufacturing, or 
larae contracting concern. Any location accept¬ 
able; South America preferred. Available upon 
short notice. 0-0970. 

ELEOTRIOAL ENGINEER, graduate, 
married, 28. with wide experience In mdustrial 
plant electrical construction and maintenance; 
railway electrification; power plant design, 
estimating, and supervisory construction experi¬ 
ence with, electric contractor; cost analysts. 
Desires position with future. 0-4428. 

DISTRICT SALES MANAGER OR 
MANUFAOTUBBR'S AGENT, experienced 
engineering representative, desires connection 
with high-grade company that has line of indus¬ 
trial or utility equipment. Eastern location 
prtfiUTed. B-4067. 

ELEOTRIOAL. MEOHANIOAL ENGI¬ 
NEER, college graduate with wide practical 
experience in power plant work and industrial 
electrical equipment. Desires connection, 
available ImmecQately. £-2402. 



Recommended 
for Transfer 

The Board of Examiners, at its meeting of 
September 23,1981, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
shoQld be filed at once with the national 
secretary. 

To Grade of Momber 
BURNETT, JAMES HENRY, asst, engr., 
Brooklyn Edison Co., Brooklyn, N. Y. 


GORY, SAMUEL I., telephone engr., Anaerican 
TeL Sc Tel. Oo„ New York 

CURRIE, FRANK L., engg. asst., Western 
Union Telekraph Co., New York. 

FITZGERALD, EDWARD B., elec, engr.. 
The J. G. Brill Co., Philadelphia, Pa. 

FOUST, CLIFFORD MoOLAIN, tieo. engr., 
General Elec. Co., Schenectady, N. Y. 

GISRING, PEBOIVAL L., consulting, dec. 
engr., City of Boston, Transit D^t., 
Boston, Mass. 

GILMAN, WILLIAM F., executive adviser to 
management. Kwang Tung Electric Sup¬ 
ply Co., ^panton, China; resideiioe, Bel¬ 
grade Lakes, Main . 
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hXnNAPORD, BAELE S., supervisor of edu¬ 
cation and training, American Tel. A Tel. 
Oo., Atlanta. Ga. 

AAOOBY, S. OlilPPORD, supt., taransmlssion 
and distributioni Montaup Blectric Go.. 
Fall Biwer. Mass. 

LONGPIBLD. OLAUDB M.. electrolysis engr.. 
State Electricity Oommission of Victoria. 
Victoria, Australia. 

McOLENAHBN, E. A., engg. asst.. United 
Engin ars & Oonstnictors, Inc., Newark. 
N. J. 

OSBOENE. R. VT., president. Osborne Electric 
Oo.. Toronto and Niagara Palls, N. Y. 
PAERAOE!, VASOO R., engr.. Tennessee 
Public Service Co., KnoirvUle, Tenn. 
SOBLtENEEE, VESPER A., acous¬ 

tical engr.. New York. 

SMITH. Jb., S. AEOHIBALD, asst. engr.. 
transmission, Public Service Electric & 

_Gas Go., Newark, N. J. 

iVElL, JOSEPH, instructor, consulting engr., 
University of Florida, Gainesville, Fla. 


Applications 
for Election 

Applications have been received by the sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wls indicated, the applicant has applied for 
admission as an Associate. If the apmicant has 
applied for direct admission to a grade higher 
than A^odate. ttie grade follows Inunediately 
aper th name. Any member objecting to the 
election of any of ibese candidates should so 
inform th secrete^ btfore November 80,1981. 


Arthur,^. L.. Syska & Henncssy, New York, 

Baxtw. P. 1^ Kansas City Public Service Co., 
r. Kan sas City, Mo. 

Becl^Wm. O./Kelly Mand Lime 8c Transport 
^ Oo.. Clay Center. Ohio 
Benimtt. W., Loew’s Columbia. Warner Bros., 
Tivoli, Universal Pictures Oorp., Rialto 
Theatres. Washington. D. O. 

BroTra. T. A. (Member) Madison Gas A Electric 
^ Oo., Madisom Wis. 

Bruckw. R. K. (Member) J. G. Wray A Co.. 
Chicago, m. 

Cartmell. E. H., 2008 E. Live Oak. Temple 
^ City. Calif. 

J* Gas A Electric Co.. 

Oakland, CaJlf. 

Orossley. H. E.. Dominion of Canada, St. John. 
^N. B.,Oan. 

Dahlem. j. G., Richard Kaupert, Milwaukee, 
_ Wis. 

Danko, J. T., University of Pittsburgh. McKees- 
port. Pa. 

DenBraven. G., L. Bambeiger A Oo., Newark, 

Dilts, O.’ B.. Oklahoma Gas A Electric Co., 
^ Oklahoma City. Okla. 

Dunklin. G. T. (Member) Westinghouse Elec. 

A Mfg. Co., New York. N. Y. 

Edwards. X. O., Pacffic Gas A Electric Oo.. 
Emeryvlllo. Calif. 

Pox, L. H., Mississippi A. A M. CoUege. A. AM. 
College, Miss. 

Goodhue, wm. M., Harvard University. 
Cambridge, Mass. 

Griffith, L. A.. Emerson Elec. Mfg. Oo., Rich¬ 
mond Heights, Mo. 

Hartman. E. R. Member) Telephone Bond A 
^ Share Oo., Kansas City, Mo. 

Henderson. R. M., Nations Light A Power Oo.* 
_ Moose Jaw. Sask.. Can. 

Hottle. W. M„ Western Electric Co., Kearny, 

Howe,’p.* B., Philadelphia Blectric Co., Phlla- 
detohia. Pa. 

Kln^^ P. H.. Holyoke Gas A Electric Dept., 
aolyoke. Mass. 

Kitchen, W. A.. Oklalioma Gas A Electric Oo., 
^ Oklahoma City, Oklahoma 
Klitten, A. H.. Westinghouse Elec. A Mfg. Oo., 
Sharon, Pa. 


Uoyd. T. O., Antiodi Collie, Yellow Springs. 
Ohio 

Loeira. R., University of Wisconsin. Madison. 
Wis. 

Lundelius, O. B.. City of Austin. Austin. Tex. 
Miller, J, P., Louisville Gas Ao Elec. Oo., 
Louisville, Ky. 

Milligan, L. S., Long Island State Park Com¬ 
mission, Babylon, L. I., N. T. 

OmaTj^ General Electric Clo., Schenectady, 

Popi^^^P. 1282 Shakespeare Ave., New 

Porter, b!. P. (Member) AUegh^y Steel Oo.. 
Brackenridge. Pa. 
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Order Form for Pamphlet Copies of A.i.E.E. Papers" 


AU papers presented at the Sonth West District (No. 7) Kansas City Meeting 


□ 31.133 J. Sleplan and L. R. Ludwig.. .Backfires in Mercury Arc Rectifiers 

□ 31-133 H. W. OoUins, E. E. Piepho and J. J. Torok.Impulse Voltage Tests on a 4,800-Volt Distribution Substation 

M 31-134 O. W. Nystrom.Tape-Armored Telephone Toll Cable 

□ 31 -136 O. B. Blackwell.The Time Factor In Telephone Transmission 

M 31-136 E. K. Shively and G. S. Whitlow.Automatic Control for Variable-Ratio Frequency Converters ^ 

U 31-137 L. V. Nelson and E. L. Hough.Interconnection of the 26- and 60-Cyde System of the Union Electric light and 

Power Company 

□ 31-138 J. N. Holsen.Forecasting Population for EngineerlDg Purposes 

D 31-139 W. D. Weidlein..Corona Energy Loss 

H ?J’w? ; .Ovarvoltog. on TransmlMlon systems Oatwed by Dropping Load 

□ 31-141 J. Sleplan and O. L. Denault.The Expulsion Fuse 

Q 31 MS P. N. Vinther.Electric Arc Welding in Building Construction 

□ 31M9 O. T. Almquist.Calculating Load Division In Distribution Systems 

□ 31MIO P. E. Sanford.Application of Primary Distribution Puses 

H .Out-Oute-Thdr Design and AppUcation for A-0. Distribution Circuits 

U 3IM14 o. C. McFarland.Advance Planning of Long Distance Telephone Facilities 

Q 31M16 P. H. Robinson.Effect of Wave Form on Operation of Induction T 3 rpe Protective Relays 

Papers presented prior to September 1931 and upon which articles in this issue iwe based 


□ 31-64 J. E. Clem.Reactance of Transmission Lines with Ground Return 

□ 31-67 R. L. Davis. .Power Equipment at New KDKA Station 

□ 31-94 G. Stamper and P. P. Ambuhl.Operating Experience with Automatic Stations 

□ 31-97 G. B. Shanklln and P. H. BuUer.Characteristtos of Oil Pilled Cable 

n 31-100 R. W. Atkinson and D. M. Simmons.Oil Filled Cable and Accessories 

□ 31-Ioa J.B.Baton.J.K.Peck,andJ.M.Dunliam...ExperimentalStudieso£ArdngPault8ona76-Kv.Tran8mlssIonSy8tem 

Q 31-108 D. W. Roper.Economics of High Voltage Cable 

□ 31-109 R.M. Stanley..-.Three Years’ Operating Experience with Miniature Switchboard Supervisory 

Automatic Control 

•^Members; Enrolled Students, and subscrlbeirs are 

entitled to one pamphlet copy of any paper in this xnwdo... 

list If requested within one *y6ar from above date. 

Thereafter a charge of twenty-five cents per copy ... 

wm obtain. Address.;.. 


Please ord r papers by number. Addreta Order Department AXE.E.> 53 West 39th Street. New York, N. Y, 
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returned by the postal authorities is 
given below» with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 

a 

« * 

Bai^aqubr, Mahusii< M., c/o Intornationftl Tel. 
& Tel. Oo.. 07 Broad St,. New York. N. Y. 
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New Books 

In the Societies Library 


^^MONG the new books received at 
the Engineering Societies library, New 
York, during September are the following 
^ which have, been selected because of 
their* possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 


.F. E. Bamee.''8rd ed. N. Y., McGraw-M 
Book Co.. 1931. 656 pp.. fflus.. dlagra., charts. 

table*. 7 z 61n.. dotb. *^00.-^A.baiuli>ookfor 

contractors and estimators which groups the 
Information needed for determining the amount 
of labor needed for the vailous btuldm opera- 
tioDS. the current prices of labor and matenals, 
and the cost of replacing buildings buflt between 
1890 and 1926. The data are arranged for 
quick Consultation, uso^y in tabular form. 
laJbOT Jiours and bills of materials are given. 

‘sed^ and 
_ on buf " 

clrculsP'_, 

in work.^ -The 
ngineer Of the 


This emtion has been thoroii^ 
new chapters have been addc 
insulation, storage silos and 
concrete masonry and cement g 
author is Btfildlng ^iTaluation 1 
New York Oen^OLmes. 

OI^dAEMIB DBB KOBLB. Br W. 
Fudis. Berli]^ J. Springer. 1981. 610 pp., 
dlagr8.,i3ibart8. lAbles. 10 x 6 In., doth. 46 r. m* 


monograph summarizes present-dav 
views upon the chemistry of coal, ngoite. and 
peat and is said to cover the literature down to 
March. 1931. Chapter one treats of the 
chomical composiUon of the coal-forming plants 
and of their deoompositton. Chapters two to 
four treat of peat, lignite, and coal, discussing 
their petrographic. phyricaL and chemical 
characteristics, their reaction to chemical and 
biological agents, behavior when heated, 
origins, etc. The final diapter gives methods 
of analyris and discusses their results. 


BBON2SE XJND ROTGUS3. NAOH DIN 
1706. Berlin. ‘VDI 'Yerlag. 1031.100 pp.. Ulus., 
diagre.. Charts, tables. 8x0 in., paper. 7 r. m. 
-Contains the papers and dikMissions pre¬ 
sented at a meeting of the Society of German 
Engineers devoted to the properties and use of 
the standard German bronzes and red brasses. 
The structure and proi>ertie8 of brass and bronze 
castings.. and the standard compositions are 
discussed, and the experiences of various users 
are presented. Methods of testing are given. 
A b&Uography for the years 1921 to 1930 is 
included. 


PLASTICITY. Mechanics of the Plastic 
State of Matter. By A. Nadai with A. M. 
Wahl. asst, author. Germany. McGraw-Hill 
Co.. 1931. 860 pp.. 6x9 in., pamphlet. Price 
$5.(KI (S4.00 to members of Pounder societies). 

Tran fl lated from the German based on the 
original work of Doctor Nadai (formerly prof, 
of ap. meCh., tlnlv. of Goettingen, but now with 
Westinghouse Besearch Lab.). The orighial 
workis amplifiedby the addition of new informa¬ 
tion. bringing together the observations of 
engineers, metallurgists, and physicists, ree^surd- 
Ing the plastic deformation of metals. It 
summarizes laws now available for a more 
exact prediction of stress distrJbutk^ and dis¬ 
cusses the fundamentals of the theory of plastio 
flow, especiaUy in metals. This is the first of a 
series of publications to bo prepared by the 
Engineering Societies Monograph Ck>mmittee. 

PBINOIPLBB OF BLBOTRIOITY. ByL. 
Page and N. 1. Adams. Jr. N. Y.. D. Van 
Nostrand. Inc., 1981. 620 pp.. Ulus., diagrs.. 

tables, 9X6in., doth. $4.26.-Intendeoxor 

undergraduates who have completed general 
courses in physics and the calculus, and for 


ENGINEERING SOCIETIES 
LIBRARY 

^ West 39th Street, New Yorl^, N. Y. 

M AINTAINED as a public reference 
library of engineering and the allied 
sciences, this library Is a cooperative activ¬ 
ity of the national societies of dvil. elec¬ 
trical, mechanical, and mining engineers. 

Besources of the library are available 
dso to those unable to visit it in person. 
Lists of references, copies or translation 
of articles, and similar assistance may be 
obtained upon written application, sub¬ 
ject only to charges sufficient to cover the 
cost of the work r^ufred. 

A collection of modem technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans¬ 
portation charges. 

Many other services are obtalirable and 
an Inquiry to the director of the Ubrary 
will bring information concerning them. 


advanced students who wish a more comprehen¬ 
sive training in dectromagnetism. The ordi¬ 
nary subject matter of electricity and magnetism 
is treated comprehensively, with unusual space 
devoted to the phenomena of high-fi^uency 
and electromagnetic waves. The book Alma 
to fill the gap between elementary texts and 
advanced treatises that coll for wide Imowledge 
of higher mathematics. 

INDUSTRIAL ORGANIZATION. By H. 
Bubey. Boston & N. Y., Ginn & Co., 1931* 
308 pp.. diagrs.. Charts, tables, maps, 9x6 

in., cloth. $2.80.-^A brief but comprdiensive 

course covering such fundamentals of business 
as promotion, finance, management, organiza¬ 
tion, marketing, personnel, accounting, esti- 
matmg. valuation, etc. The book is intended 
primarily to give the engineer some knowledge 
of business, in prepora^n for execuUy and 
managerial work; will be useful also to others 
who tmh a general survey of this field. 

ALTERNATING CURRENTS. By O. E. 
Magnusson. 4th edit. N. Y.. McGraw-Hill 
Borne Co.. 1981. 686 pp.. Ulus., diai^., charts. 

tables. 9 X 6 in., cloth. $6.00.-^A text-brok for 

undergraduate students which discusses th 
fundamental principles of the subject and shows 
their application to Industrial problems. The 
changes in this edition indude a rewritfcug and 
extension of the chapter on instruments, new 
diapters on systems of units and symbols, on 
mercury-arc reotSflers and on hot-cathode xectl- 
fiera and oseiUators. as well as many new dia¬ 
grams and lUastrations. 

BLEOTBIOAL BOmPMBNT. By H. W. 
Brown. 2nd edit., N. Y., McGraw-HUl Bk. Co.. 
1931. 686 pp.. mus., diagrs., charts, tables, 

9x6in.. $6.00.-^This text-book is tntended 

to teach students of en^eering and others 
interested in the practlcar applications of elec¬ 
tricity how to apply their knowledge of the 
theory of operation of electrical macoines and 
the data given in handbooks to the eqifipjdng 
of shops, factories and industrial plants. The 
requisTtes of power plants and distrOmtlon 
systems, the characCenstics of various motors, 
generators, transformers, regulating and pro¬ 
tective devices, heating and welding apparatus, 
etc., are discussed and their sultaDiUty for 
varmiis elaeses of work pointed out. 

PROJECTING SOUND PICTURES. By 
A. NadelL N. Y.. McGraw-HiU Bk. Co.. 1931. 
265 pp.. iilus., diagrs., charts, 9 x 6 in., doth, 

$2.60.-^A book for theater men interested In 

the reproduction of sound. The principles 
underlylxig the and drcuili used for 

that purpose are described In a simple, practteal 
maimer, and attention is given throughout to 
the more common troubles of sound apparatus 
and methods of preventing 

TEOHNIOAJ* WRITING. By T. A, 
Rickard. 8rd edit. N. Y., John Wil^ & Sons, 

1931* 337 pp.. 8 x 6 hL, dot^ $2.00.- 

Interest in correct speech has become much more 
^espread since Mr. Rickard's book first 
appeared In 1919. and manytext-boolm have 
appeared since that date. His work IS^ re- 
malna. however, one of the most readable and 
best tMdes to the engineer who wii^ to im¬ 
prove his power of expresston. It may«be 
recommended heartily. This new edition, pre¬ 
pared for the American Institute of Mining and 
Metallurgjcal^Bngtneers. diflers from the second 
edition only in sundry small corrections. 
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Selected Items From 

f 

Engineering Index Service 


Selected references to current 
electriosd engineoring articles from 
Engineering Index Service’s review 
of some 2,000 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies library, Now York, 
which will furnish photoprints of any 
artide at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 

Agricnlturai Machinery 

ELECTRIC. Electriidty and Far^r. 

D N, McHardy. Eltc, Rev.t vol. IW, no. 2806. 

Ana. 28,1931, pp. 819-320.1 fig. Oritical^ews 
of en^eering department of 
AgriaStn^ OSlero on present positl^ 
and futS5 poatiblUtles ot impncatlon of elec- 
tri^ty to agnculture; power lor bam maehlnery CavitatlOll 
Sd fet^!^ectriclty?or beating a^dj^Wiig: 
part played by mobile tractor; possibilities of 
fotore. 


latlon is completed, is discussed; author coi^ 

dudes that high-preasure d-c. test Is 

fulfils ordinary reqnlremonts; new wnn^ion 

for high-pressure d-c. tesl^g set 

metSSls of localization of “o**® 

of faults are given; tAese show tlut there are 

very few faults which cannot be fairly accuratdy 

located. 

UNDERGROUND MANHOLES. High- 
Pressure Manhole Washing Saves Expense of 
Opening Drains, O. B. sW>. 
vol. 98, no. 7, Aug. 16, 1931. pp. 283-2W, 1 fig. 
Forty plugged manhole drains was averse per 
nmnSi r^rted on undergrtmnd system of 
Detroit EoS^n Oo. when manholes w^ 
deaned by hand; number has been reduced to 
28 through use of water at 120-lb. weMure 
supplied »om tank truck: also deaning Is done 
better, quicker and with fewer men. 


Case Hardening 

CARBURIZING. A New Meting of Case- 
Hardening in an Elective Furnace.^ Afar. Engr, 
and Motorship Bldr.^ vol. 64, no. 648, Sept. 193^ 
p. 861, 1 fig. Equipment Introdiij^ Into 
EnglancL by WUd-Barfteld Electeic Furnaces. 

description of process, with costs of 
operation. 


Cooling 

TURBO-GENERATORS. ?y<lrogm- 

Oooled Generators Have Econo^c Merit,. 
M. D. Ross. Elec. Worlds vol. no. 10. 
Sept. 6, 1931, pp. 403-409, 3 figs, in of 

large turbogenerators next major stop wm be 
adoption of hydrogen gas as cooling mem^; 
hvdj^en Is desirable as It has somewhat better 
heat transfer properties than bellpa, lower 
density and is available commwcially at rela¬ 
tively low cost; dwislty of commercial l^rdr^en 
is about 8 per cent that of to that w^i^e 
losses, whi^ are relatively h^^ in turbo¬ 
generators. are reduced to negligible figure. 

DSelectiics 

TESTING. Dielectric Phenomena at High 
Voltages. B. L. Goodlet, F. S. Edwards 
F. R. Perry. Instn. Elec. 
no. 414. Juno 1931. PP. 696-72f and (^i^nj 
727-736.36 figs. Brei^down of oil and solid 
dielectrics by normM-frequency impulsive and 
hifldi-frequency voltages: huge amount of 
ocminal numerical data is given, covering entire 
range of voltage up to 1 million volts. . 

Edttcatioii 



Aaemometers 

An Anemometer for a Stody of Wind 
R H Sherlock and M. B. Stout. Univ.Miek. 

Research Buu no. p, CircHit Breakers 

pp., 2 S figs, partly on supp. plate. New type of 
messure-plate anemometer develop^ tor nse^ 
g^il program of research on loading and 
strength of overhead lines; equipp^ 

S^®l£ansmitter and uses ^ 

recorder; can record accurately awraga 
velocity over Intervals of time as small os 1/8 sec. 


HYDRAULIC TURBINES. Cavitation of 
Large Turbine Runners. A, S. 

News, vol. 40, no. 16. Aug. 15. 1931, pp. 3M6 
and 38. 3 figs. Average m a in te n ance CMts 
amount to about $460 per runner per year using 
tiectric arc welding. 


Testing Breaker Insulation^ by 


Busbars 

Structural-Shape Oonductom Slww Iuctm^ 
Efllfileaicies, H. wTPapst and D. I. Bpltai. Elec. 
World, vol. 98. no. loT Sept. 6, 1931. pp. 418- 
419, 3 figs. In order to avoid shortcoml^s of 
tubes saobars new type of conductor coi^tlng 
of structural shapes Gs been developed; new 
conductor is designed for currents^of aTOut 


DESIGN. Le calcnl des barres omnibus 
tubulaires aux points do .vue^ mewmque et 
Ale^qpe (Electric Mechanic Strong^ Oscu¬ 
lation of Tubular Busbars), R. Beyaert. - Elec- 
iricien, vol. 62, no. 1621, A^. L 1931, P P« 
348-353. 2 figs. Simple mathematical 
withvakousnumerical eocampto pertaining to 
aluminum and steti tubular busbars. 

Cables 

and steady-state temperature condiwna; 

trannants. operational equations for tran¬ 
sient temperatnres; solution of opmtionai 
equations: oU demand; systems of ou feed and 
reservoir characteristics. 

RESERVOIRS. Ofl-Pressure Reservoirs for 
Underground Cables, T. C. Altchlaon. Gen. 

M. no. 7. July 1981, pp. 41(^15. 
20 fim. OUrpressure reserv^ 
osseram to suooesafal operation of ofirflU^ and 
aedid cables above 26 kv.; pitodpal 
various equipment and accessories are illustrated 
and desired. 

telephone. ^ ^Fi^om fjom 

Oabl Troul^ R. B. Rex. Telep/wnu, voL 101. 
no. 10. SepT?. 1981, pp. 8<W1.^ Seine hetoful 
suggestions for semiring freedom Itom telephone 
man's imaidnary cable trouble; Importance^pf 
periodic Inspehtion and accurate records; dl^ 
cusslon pf causes of cable figure; suggested 
methods for locating trouble. 


TESTING. xc9i>uiu 

Power-Factor Meth^. F. O. Ehc. 

World, vol. 98, no. 9. Aug, ^ 0 . IWl, 374- 
376. Author is reviewing work done by 1^ 
organization la testing about 14,0(» busmngs 
and analyzing circuit-breaker Insulation con¬ 
ditions by power factor method as arollod to 
ll-kv. to 150-kv. equipment, and 
advantages of a-c. teat as compared with d-c. 
nrooedure and discussion by O. L. Daweaand 
O. A. Adams of HarvawL O. A. Powel ^ West- 
inghonse Electric Sc Manufacturing Oo. ^d 
otmer outstanding men of electric manufacturing 
and power supply industry. 

Circuits 

ELECTRIC. Mathematlcal^AniayBlsofNon- 
UiiflA.r Oirouits—^I. Am Boyalian. Gen. E^. 

Res., yol. 84, no. 9, Sept, ifel* PP* StSJj 
7 ligB. In. recent years, both troubl^me 
nrbblmns and usefifi applications of netwwte 
^th non-linear branenes have he^ rapidly 
fwrt wMudng , for more thorough fma com- 

prehenatve analysis of phenomena involved: 
although physLcid or graphical analysis n^ 

Electrolysis 

more important non-Unear circuite are: sartuiw- 


on. aaaress oomro v/aiwim. 
author presses earnestly for closer correlation 
between works and technical schools; he sug¬ 
gests that summer school protidos. perhaps 
easiest plan of any for keeping teclmlcal coUoges 
In touch with practical problems. 

RESEARCH. The Function of Rosoaroh In 
Engineering Education. D. O. Jackson. ^Science, 
vSm 74, no. 1912, Aug. 21.1031, pp. 183-ip. Ro- 
soarch not only has function in engineering edu¬ 
cation, but is integral port of properly con^vod 
engineeriiw education; investigatory miritana 
Enlevement are more Important attiributes for 
enginoerinn teacher than higher degrees; spirit 
for ostabOsiihig research laboratories and foui^ 
dations in engineering schools Is pr<Sttgo of TOOd 
educational spirit m schools. Before Soc. 
Promotion Eng. Education. 


Electric Drive 

COAL PREPARATION PLANTS. Elec¬ 
trification Problems in Modem ^ Preparation 
Plants—I and IT. E. J. Gealy. Coat Age, v<A. 36, 
nos. 7 and 9, Juiy 1931, pp. 34fi^8 Sept., 
pp. 477-478 and 482, 3 fira. July: Review of 
development in dosign and construction; im¬ 
portance of obsenang certain fundanumtol 
principles; standardization of equipment. Sent.: 
Ohoice of motors, motor starters, pushbutton 
control, safety Batches, power factor, welding, 
and lighting. 

PUMPS. CENTRIFUGAL, ^rae Nogs on 
Elcctric^y Driven Oentrifu^ Pumps, H. E. 
Be(4cwlth. Am. Water Works Assn.—^l., 
voL 23. no. 8. Aug. 1981, pp. 1120-1127. Ohaj^ 
acteristios of Inadequate installations; rapid 
method of chocking pump efficiency; table ^ 
gaUons of water delivered per kw-hr. agalnrt 
various hoads on assumption that pumn and 
motor are 100 per cent efficient; results of 
bbec^g efficiency; measuring output of water. 



appl 

TransientB in Glrounded Wires Lying on the 
Bartii’s Surface. J.^RIor^. BeUjgstem Tech. 
Jl.. voL 10. no. i, July 1931. pp. 42(^1, 4 to. 
Vmtages duri^ tronsieat conditions In grounded 
wirelying on earth's surfooe due to current In 
gec on d grounded wire also on earth's surface 
formultHi^ for types of transient currents ordi¬ 
narily obtained m a-c. and d-c. dreoits; funda¬ 
mental fomrola is for voltage due to unit step 
current, that is. current zero for time less than 
zero, and unity for time greater than zero; 
curves given for function determining this 
voltage for wide range at values of Its two 
parameters. 

CondvetiTity 

METALS. The Problem of the ElTOtrl<^ 
Oonduettvity of MeteJs. O. D. Niven. Can. Jl. 
Research, vol. 5, im. 1, Ji^ 1^1, PP- 79^6. 
It is pointed out that mathematiGtans in their 
attempts to form theories of electrical oondno- 
tion, do not lay emphasis on fact that at low 
temperatures, resistance, as a nfia does not 
vanllm; In those cases in which It does. It 
vanishes suddenly; in vlsw of this, question 
arises as to whemer rig^t model for conductivity 
metal is visualized; it is sugg^ted that funda^ 
me ntahy a metallic atom is one In which tiectron 
configuration is incomplete. . 
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The Preparation of Organic Oompoun^ by 
Electrolytic Methods—IV. S. Gk»ti)ne. 

Chemist, vol. 7, no, TO, 

nhAi^«^i and dectroohemical haiogonation, 
eleotiochemlcal cUorination; manufacture of 
bromoform and iodoform; chlorotorm and 
dbloriiydbin; electrochemi^il diazotization. 

Engineers 

SALAUBS., 

pr^ faSift na; what groups in engineering prof^ 
Edon receive best salariM: bpw sali^M oj en^- 
neering m^uates of Carnegie mstiti:^ of 
Technology compare with salaries of graduates 
from oti^ engineering Institutions genonuly. 

Freqaen^ 

STANDARDIZATION. F^uengr Stim-'’ 
dardtotton. Engineer, vol. 162, no. 8941, 
July 24. 1981, p. 96, When general intercon¬ 
nection was deemed ^ ^ 
frequency standardization 
but it remains to be seen Vhethw 
interoonneotion will prove great boon; fren 
qneney standardiration alone very large amount 
ofmney is being spent. 

Electrical ENGiNESBiaNO- 


Furnaces 


Harmonics 


annealing. ApplicatioDS of tho Electric 
Furnace for Non-Perroufl Metals With Special 
Reference /to the Brl^t Anne^iM Proc^. 

H, O. Kioninger. G. ^ller and H. Meuche. 

Inst* AIciols^Aapancc Paper, no* 575* for 
mtg. Sept, 14-16.1931,18 pp., 12 figs. Main types 
of furnaces us^ for bri^t-annoaUng process; 
during past few years considerable improve- 

Heating 

metals. 


MEASUREMENTS. Moasming VoUw 
Harmonics, B. Heuter. voi. 

no. 2804, Aiig. 21, la^l, PP. 280 - 281 . 4 figs. 
Instrument described depends on simple appli¬ 
cation of resonance principle and enables 
tilde of voltage harmonics to be moasurea 
directly. 


ARC. Twenty Year Advance,In Electric 
Arc Furnaces for the Production of Iron and 
Steel, W. E. Moore. Eleeirochem* Soc^ 
Preprint, no. 60-11, for mtg. Sept. 2-6. 1931, 
Dp. 65-78. In period of two decades electric 
arc melting furnace has nmde wondM^ prog¬ 
ress. having iiim^eased in number 66 times, in 
nuudmuni size per heat five times, in maximum 
dally capacity 10 times, and power consumption 
fper unit ton outout has been d^reasM from 
600-800 to 4004HK) kw-hr.; electrode 

consumption decreased from 30-40 lb. (14-18 kg.) 
down to 8-16 lb. (3.6-6.8 kg.). 

ELECTRODES. The Soderberg Bl^trode. 
Oblong Electrodes and Other New Dovoloi^ 
ments. M. Sem. Electroehem, Soc .— 

^^20 Jor mtg. Sept. 2-5. 1931. pp. . 

4 flgs. Electric furnace engln^rs orlgdn^ly 
objected to round croes ^tion Sotfwberg 
electrode; they were convinced that obl^ or 
rectangular electrodes were essential for e£Bmeut 
furnace operation; oblong electrodes produce 
larger active hearth, and gases 
fumaco operation are more evenly distributed 
through c^rge; however, round electrodes aro 
often to be preferred on account of certain elec¬ 
trical features and advantages. 

HEAT TREATTINO. Electricity XXsod on a 
Largo Scale tor Heat T^«n8. Q CWey. 
Iron Age, vol. 128, no. 12, Sm>t. 17. 1931, 
pp. 747-761, 8 figs, beecrlption of boat-tri»tlng 
funiaces; pig Iron from blaat furnaces and cu¬ 
polas is duplexed with electric furn^ for 
ma-ifing iron castings, at plant of Ford Motor 
Co. 

INDUCTION- Tonnage Melting by Oproless 
Induction—VI. B. F. Northrup. fmd 

Furnaces, vol. 9. no, 9, Sept. 1931, Pp. 

1071, 1 fig. Various classifications under which 
coreless induction meltiim may be considered; 
use of coi-oless induction fiimace m refining fur¬ 
nace and ladle; future f Industrial melting. 

INDUSTRIAL. Heat Treating, Fo^ng and 
Melting with Electricity, G. Ooley. J ran Age, 
voi;™, no. 11, sept. 10, 1931, pp. 078-6^ 
and 721, 12 figs. Baulpm^t ^d P«> 2 ;diiro at 
plant of Ford Motor Oo. with connected lo^ 
of 86,000 kw., dectrlc furnace for duplexing 
blast-furnace and cupola Iron in foundry, and 
indirect arc furnaces in brass foundry. 

Fuses 

ELECTRIC. Fuse Performance to Reli^ 
Service. H. D. Braloy. Power, yol. 74. no* 
A^Ti. 1931, pp. 200-201. Test resulte show 
how accurate fus^ of s^e risse aro 
Interrupting overload, how se^tlye wW ^ 
to load ch^es, and how selective two or more 
fuses, of dSerent sizes in series, are In clearing 
fault on power systems. 

Gases 

CtiNDUCfiVITY- The Oondu^^ty of 
Gases in Uniform Electric Kel^. ^ P. 

tions that have ^eady been 
theories, and results are compared 

Oxford. 

Generators 

GROUNDING. ,The o^otee^- 

ducfelon of Grounded Neutwd CtenOTatorj. 

f'S. 

dMOtold. 

Grid Glow Tube 


GREENHOUSES. BlectrlcaUy Hoa^ 
Greouhouse, G. N. Hawley. Ltec. WorW, vol. 
98, no. 8. Aug. 22. 1931, PP. 322-3!g. 2 figs. 
Electric heating of greenhouse at Rlverride, 
Calif., has proved so successful that anomer 
new and profitable field for industrial heating 
has been opened to power company and nursery¬ 
men are able to make 76 per cent saving in 
investment for heating equip men t. 

RAILROAD SHOPS. 

Times Electric Heat Cost, 

Wortit, vol. 98. no. 10. Sept. 6, 1031, pp. ^- 
427, 3 figs. Study was made of major h^t- 
treating operations in repair shops of Norfolk 
& Western Railway, and figures arrived at. and 
agreed upon, as conservatively 
annual savings by virtue of electric 
power cost $17,805 in one y<»r and saying 
credited to its uso in electric heat amount to 
more than $100,000. 

Hydroelectric Plants 

automatic. The Upper Notch Auto¬ 
matic Hydro-Electric Power Plant, R. F. 
Legiot. P. J. Croft, J. R. Desloovor. Eng.JL, 
iSr®14. no; 8, Aug. 1031. pp. 437-444 12 fig. 
Plant located on Montreal river, 16 mi. south¬ 
east of Cobalt, imrttiorn 
consisCs of two 48-ft, fi»300-hp^l26-r. p. 

turbines, and two 6,600-kva.. 11 . 000 -volt, 26- 
cycle generators; swll^gear imd 
mont are fully automatic ^d are 
possible remote control from distant pmnt, 

transformed to 110 , 0 ^ volts by three 
transformers and is fed into extensive network 
by means of line 32.7 ml. long. 

INTAKES. Recent Applications of Dr^ 
Distributors to Poww Plant Intakes, H. G. 
Acres. Ena. Netvs^Rec., vol. 107, no. 11, 
Sept. 10. 1931, pp. 403-410. 13 figs. RaUo^l 


S<,c.-Jt.. vol. 14, no. ft.’Sept. 

62:1.3 figs. Simple tests, as developed for daily 
priluctfon of electrical porcelain; 
tests and results for number of t^ramic insiilat- 
ing materials; from these it is sho^iro 
mechanical strength and resistance to thermw 
shock are valuable Indications 
properties of bodies and glazes; w«»^?, 2 btaln^ 
in testing foreign and Amorican-ihade porce¬ 
lains are compared. 

The Btfect of Firing Temperature on the 
Dielectric Strength of PorcelMn. A.J. Moiiwk 
and L. R. Shardlow. Am* Ceramic Soe*-^t*, 
vol. 14, no. 9, Sept. 1931, pp. 603-607, 6 figs. 
Electrical porcelain body was fired to 
cone temperatures and puncture JJF® 

determined; data from tests in w^h number 
of specimens used was sufficiently large to give 
mean values vdth small probable w^ors. 


development or jounsou- vt uutiuuu 

uior; four intakes designed to meet ^yerso 

conditions; elements of ideal 

Intake of Chelan development of Washington 

Water Power Oo. of 

In dlam.: Intake for sL SSl 

^ Grand Falls, Now Brunswick: deliv^ 7,600 
55 B. f™i design of intake for projected develop- 
moit of lo!o 00 - to 12 , 000 -sec. ft. capacity. 

Dluminating Engineering 

neering ba« made great progress In U.S 48 .R., 
v§Sf*^t played by lUimilnation Is now roco«; 

moans of improving safety and heal to. t^ are 


Insulating Oil 

Beporl of InsulaWng, Oils. fnf.. meOntah . 

Documents from Canada, Fr^ce, * 

Great Britain, Hol^land. ’ 

Switzerland. Sweden, and united States, in 
th^ respective languages. 

Insulators 


luachlDO, inseaiioa m nign-j^on 
General Electric Co., enables insulators to w 
subjected to longitudinal and tiransverrortres^ 
whUe exposed to electric pressure: mad® oy 
it Is wataBlo tor t«^tosu- 
latoiB of olthor post 
used for tension or torsion teste, or for 
5f two, and also for combked 
vibratory test, up to maximum load of 24.00Q id 

Lamps 

GLOW. Gaseous 

chargSphotographs of neon ripple 
diSjlmrge; hot cathode lamp circuit 
phasei^.supplies;and for thrt^phaM supplies, 
characteristic of hot cathode tube. 


Light and Lightii^ 


Brlshtness Contrasts Determine Yteu^ Bffi- 
cienoy M. Luckiesh. Elec. World, vol. 98, no. 7, 
aSk ^6 193^1. 0.^, Although It is impractic^ 

,au|5> KAs»1tf.«4kfla iVifit.rfLSl8 


street. The Evaluation of 
Street-Llghtli^ Installations, W. 

methods of calculation elucidated in appeiuflx. 
(Concluded.) 


TJ ghtaiiwg Protection 


ofU.S.S.R. 


Industrial Plants 

BLECTRIC CONTROL, ^tralteed Con¬ 
trol tor Aggrsgate Plant, L. 

West., vol. 67, no. 8, Sept. 1, 1931. PP. 120-12^ 

8 figs Electric opera^n of n^ern sand and 
grSvri plant of Kaiser Paving Co., Plewnton. ^Oud Speaks 
oSlT: raises operating offldoncy through 
reducing starting time and labor costs. 


_,S,.7vof 89, no. 8, Aug, fOSl. pp. 381^84 
3 noe. Review of design fundamentds of 
distribution system In inchistriaL plant; typical 
wiring layouts. 

Industrial Electrification—-I 
Wllmot. Elecn., vol. 107. nos. 2776 and 2777, 
Aug. 7, 1931, pp. 18^189 and Av«. 21. pp. 

costs is given ffi numerical e x a mp les. 


andvMS of lightning disturbances on rignM 
pSieHwSfflSBslon W wiring digram of 
gl gnni power circuit. Bibliography. 



iHsalatiiig Materials 


PORCELAIN. Mechi^cal jmd Thern^ 
Shock Teste on Oermic Inflating Mortals, 
HTSt. Kraner and R. A. Snyder. Am. Ceramic 


November IdSl 


loud speaker with large area 

with £dBe; Iw© oroa, compose of multiple 

Site, wRb bWe; multi unit, 

sttucUon; long horn type, one or several unit, 

siren type wltii horn. 

Magnetic Alloys 

PROPBRTPES. Some Magnetic AHoys and 
their Properties, H. H. Pot^. J^nd, 

6urgA and DUblin oiSfWut* 

SScnce vol. 12, no. 76, Aug. 1931, pp. 266-264. 
4 flgs. * One of most strlStog 
ties of element manganese Is ite tdidon^ to 
form in conjunction with other non-ferro- 
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nu^dtic elements Slnaij and ternary alloys 
viuch show pronounced i^o-magnetism: com' 
plete analysis of magnetic properties of binary 
and ternary alloys convesdng manganese is 
glYen. 
r 

Magnetifi Hardaning 

METALS. Hardening Metals by Botating 
Magnetic Fields. B. G. Herbert. MetaUa^la, 
Tol. 4, no. 20, June 1931. pp. 47-60,10 flgs. Pro¬ 
cession theory of hardening; graphs illustrating 
results of esmerlmental work, leading to new 
conception of phllosphy of hardening. Including 
<iu6nch-hardeiung, work-hardening, age-harden¬ 
ing. and hardening of work-hardened metals by 
low-temperature annealing. Bibliography. 


Measurements 


Precision Measurements of Alternating Our- 
rents Up to 2,000 Amperes, A. H. M. Arnold. 
JL Sei, Instruments, vol. 8, no. 6. May 1931, 
pp. 164-156. Fi^es are given of performance 
of current tran^ormer witii nickd iron core, 
having ratio 2,000/1, operating on burden of 
100 volt-amperes at rated current; ratio is 
within 3 parts in 10,000 of its nominal value In 
frequency range 25 cycles per sec. to 100 cycles 
per sec. at full current to one-tenth of full 
curreut; in coujunctiou with non-inductive 
resistance of accurately known value and elec- 
trostatio voltmeter, transformer may be used 
for measuring currents up to 2^000 amperes with 
accuracy of few parts in 10.000. 


Measuring Instruments 

SPECIFICATIONS. Report on Blectrlcal 
Measurement Instruments. JnU Elecirotsch^ 
Commission—Eeport of mig. Adoisory Com^ 
miitee, no. 18, Stockbolm, Junojuly 1980. 
Dociuuents from Argentina, Germany, Italy 
and United States in their respective languages. 

Mica 


ELECTRIC PROPERTIES. Some Elec- 
trical Properties of Foreign and Domestic Micas 
and the Effect of Elevated Temperatures on 
Micas. A. B. Lewis, E. L. Hall and F. B. 
Oaldwdl. U. S. Bur. Standards — Jl. Research, 
ypl, 7. no. 2, Aug. 1931, pp. 408-418. S flgs. 
Number of samples of mica, fairly represwtaole 
of major sources of world's supply, were tested 
for dielectric constant, power factor, dielectidc 
strength, and ability to withstand elevated 
temperatures; results. 


Motors 


ALTERNATING CURRENT. A..O. Oom- 
mutator Motors. Elec. Res., vol. 109, no. 2806,. 
Aug, 28. 1931, pp. 823-324, 7 Am. Widespread 
adoption of a-c. has resulted m paying of in¬ 
creased attention to variable-speed a-c. three- 
phase motors; shunt p^ormance curves of 
motor with soles characteristics are given. 

ENCLOSED. Enclosed Electric Motors. 
Bngmeer, Yoi, 162, no. 8943,, Aug. 7. 1931, 

6 152, 4 flm. Motors designed by lAncas^e- 
ynamo Motor Oo., Trafford Park, Man¬ 
chester, to meet adverse conditions: one of them 
te totally enclosed machine primarily designed 
for g^ works: other is tota^ enclosed frame- 
cooIm machine, known as *"I^eo" motor; it is 
standard Iiancashire squirrd-cage or slip-ring 
machine, fitted with internal end shields and 
special end covers. 

FACTIONAL HORSEPOWER, Voltage 
Bullions and Losses in Small Universal Motors, 
^ F. Ihichst^ and I. S. Campbell. Ohio 
S/o/e Unio. Studies—Eng. Experiment Station — 
BuL, no. 68. Jan. 1981, 27 pp.. 24 Impor¬ 
tant of data on universal motors; general test 
results and conclusions; apparatus arrang^n^t 
and test methods used; determination oflosses: 
yol^e-vec^ test data and results; motor-loss 
test data and results. Bibliography. 

SPKD RBOl^ATION. Speed Regulation 
of Altemating-Ourrent Motors. G. W. Stub- 
blngs. Meeh. World, vol. 90. no, 2880, Aug. 28. 

JPP* 19^198, 2 figs. Three principal 
i^tlmu of speed contrm discuss^ are pole 
changing, rheostatic control of rotor resistamcd. 
and use of commutator. 

SYNCHRONOUS, New Synchronous 
Motor for Hlgh-Torque I.iOads, R. S. Wright. 
Elee. World, vol. 9o, no. 8, Aug. 22. 1931. 
pp, 820-322, 6 fl^. !Desi^ engineers worked 
for seuerai years to perfect moto hav^ 

> running -- ‘ * 


sirable i 


-ng characteristlca of standard syn- 

capable^f developing 
high starting andpullrln torque with low stwOng 
current; result or these luves^ations been' 
d^elopment of new low-spee<l<460 r. p. m, and 
below) naptor w^h has mechanical artmpllclty 
and is highly efficient. ^ 


Networks 


FAULT RECORDERS. Der Siemen,- 
Stoerungsefareiber (Siemens’ System Distw- 
bauce Recorder). W. Hofmann and P. M. Pflier, 
Siemens Zeit., vol. 11. no. 7. July 1931. pp. 325- 
333,12 flgs. Anal^cal review of various t 31 >e 8 
and their choracteristiGs: new three-plmse autCH 
made recorder of Siemens’ and Schuckert, and 
its testing; test data are given in curves and 
tables. 


PROTECTION. Relay Study for the Appli¬ 
cation of Impedance Relays to Ground Fault 
Protection, L. S. O, Tippett. Instn. Engrs. 
Australia — JL, vol. 3, no. 7, July 1931, pp. ^3- 
243,16 figs. Method of applying theory of sym¬ 
metrical components to analysis of performance 
of Impedance relays of conventionid design when 
used for protection a«dnst ground faults: as 
prdlminaj^ to this memod of determining cor¬ 
rect impedance networks of any given system is 
discussed, under various operating conditions; 
application is m^e to portion of Victorian State 
Mectrici^ Oommission's system which gives 
ample illustration of principles involved. 


Photoelectric Cells 

Recent Contributions to Light Valve Technic, 
O. O. Oeccariul. Soc. Motion Picture Bngrs .— 
JL, vol. 17, no, 8. Sept, 1931, pp. 306-320 and 
(discussion) 320-32.6,15 flgs. Structural changes 
made in li^t valves with object of Improving 
their quality, stability of operation, and effi¬ 
ciency. most important being introduction of 
damping to off-set resonance; these features arc 
chiefly considered flrom standpoint of production 
requirements and engineering economies; new 
synchronous slit type oscillograph permitting 
study of behavior or valve is described. 

Ionization in Gas-filled Photoelectric Cells: 
The Inert Gases in Ooesium on Silver Photo¬ 
electric Cells, and Time Ltas iu Gas-filled Photo¬ 
electric Cells, W. F. Tedham. Land., Edin¬ 
burgh and Dublin Philosophical Mag. and JL 
Science, vol. 12, no. 76, Aug. 1931, pp. 224-232, 
8 figs. Some uncertainty appeam to exist as 
to best gas-flUlng In use in imotoelecbrlc cells 
which are sensitive to visible or Infkra-red light; 
in view of this uncertainty, question of relauve 
advantages of helium, neon, and argon, and 
also krypton and xenon as gas-fillings m photo¬ 
electric cells were reinvestigatea in some 
experiments. 


Power Factor 

IMPROVEMENT. The Correction of Low 
Power Factor, J. Leech-Porter. Can. Min. JL, 
vol. 52, no. 24, Ju^ 1931, pp. 616-618, 3 figs. 
Various methods for improvement of power 
factor conditions in industrial plants using 
induction motors for drive: methods for calcu¬ 
lating returns, i, e., first cost; operating costs; 
gross returns; net returns; points to investigate; 
application of methods shown for case of motor¬ 
cycle company employing 104 motors ranghig 
f^m 1 to 160 hp. mth total rating of 1,860 bp. 


Power Industry 

GOVERNMENT CONTROL. SociaU,.- 
tion or Private Enterprise, W. H. Onken, Jr. 
Elee. West, vol. 67, no. 3, Sept. 1, 1931, pp. 
110 -111. In reality, expmence proves tnat 
notwithstanding all advantages pc^sessed by 
governmental undertaking, private enterprise, 
m this case electric light and power corporation, 
more often than not renders better service at 
leas cost; this is due to two outstanding and 
very obvious disadvantages of governmental 
ent^rises. i. e., political interference in opera¬ 
tion of project and lade of incentive. 

RATE MAKING. Regulation by Oonference 
Versus Formal Rate Proceedings, L. O. Whltsell. 
Elec, West, vol. 67. no. 3, Sepb. 1. 1931, pp. 
108-110. Author brings to bear six years of 
experience in regulation by proposing that infor¬ 
mality replace formality In rate matters and 
that utilities take voluntary action which will 
n^e them lamely sdf-regulating. Before 
Pac. Coast Elec. Assn. 

UNITED STATES. The Electric light and 
Power Industry. Basic Statistical Data. Nat. 
R/ec. LiglU Assn.—Siatistical BuL, Aug. 1981. 
39 pp. Statistics contused in re^rt embrace 
operations of enterprises devoted exclusively to 
generation and distribution of electricity, plus 
electric departments of all others which main¬ 
tained electric light and power systems Jointly 
with other public utility services; data were 
determined from reports received at N. E. L. A. 
headquarters from some 400 companies, whose 
operations represented approximately 92 per 
cent of entire industry. 

Power Supply 

SBUVICB INTERRUmON. Servloe In. 
terruption for Repairs Should be Anno^mced. 
H. A. Martin, Elee. World, vol. 98, no, 9, 


Aug. 29, 1931, p. 367. When extensive pr^ 
airanged'inteuTuptions or necessary ovcir period 
of several days, notice should be placed in news- 
T>aper In town being served that servico will bo 
mtermpted and this notice should statowhy 
interruption Is necessary and give dofinito 
echedur of hours and dates during which no 
service may be expected. 


Radio 


MEASURING INSTRUMENTS. Um of 

Automatic Recording Equipment in Radio 
Transmission Research, P. A. de Mars, O. W. 
Eenrick and G. W. Pickard. Inst. Radio 
Engrs, — Proc„ vol. 19. no. 9, Sept. 1931. pp. 
1618-1633, 10 figs. Apparatus dovotopod for 
low-fr^ueucy (17.8 kc.), intermedlate-frequengr 
(770 kc.), and high-frequency (6942,6 kc.) flom- 
intensity recording; circuits omployotl are dis¬ 
cussed with particular reference to expedients 
for obtahiing nearly logarithmic scales whoa 
used with Leeds and Northrop ‘rocerdlng 
potentiometer. ^ 


RECEIVINO APPARATUS — NOISES. 

Noise Generation Within Radio Itoceivors, 
R. de Oola. Radio Eng,, yol, 11. no. 8. Aug. 
1931, pp. 15-17, 7 figs. Thcmrotical discussion 
' radio i 


of 


receiver di 


__as related to oinploy- 

ment of new tvpe tubes; noises resuming from 
thermal agitation; shot effect; and soctHidary 
emissiou and ionization; thermal agitation. 
Before Inst. Radio Engrs. 


Railroads 


ELECTRIC CONTROL. La rfigalfttion par 
unitds multiples et rautomatlsmo dans la 
marche des motrices eicctriquos (Multiple 
Oonti'ol and Automatic Oontrol In Oppnition of 
Electric Driven Vehicles), L. Barhltllon. 
Technique Moderns, vol. 23, no. 15, Aug. 1, 
1931, pp. 617-524,13 figs. Fuudamontal princi¬ 
ples, diagram showing automatic oontrol by 
reversing controller system Sprague; control by 
contactors of powerful modern unite: Thomson 
Houston system; olectropnoumatic control of 
Westinghouso: use of camshaft; Sprague Thom¬ 
son system as used on Paris subway with wiring 
diagram; Jeumont-Heidmau system on same 
railroad. 


SUBSTATIONS. Heavy-Duty Rectifiers 
and Their Application to Traction Substation, 
J« W. RIssLk and H. Blcnlk. Instn. Elee. 
Engrs. — JL, vol. 69, no. '416, Aug. 1931, pp. 
933-963 and (discussion) 063-982, 23 flgs. As 
result of special problem afsoclatecl with supply 
of d-c. to traction systems, as distinct from 
lighting and power systems, automatic sub¬ 
stations technique has advanced In two widely 
diverging directions; whereas modem substation 
practise In America is cliaraoterizod by almost 
exclusive use made of rotary convostors. Euro¬ 
pean practise favors adoption of mercury-arc 
rectifiers: present state of development of Iron¬ 
clad rectifier and its application to traction 
supply as reflected in more recent converting 
installations on Oontinent. 


Crawler Cranes Solve Problem in Railroad 
Electrification, T. J. Skillman. Elec, World, 
vol. 98, no. 9, Aug. 29,1931, p. 371,1 fig. Erec¬ 
tion of steel for substation, towor and miscel¬ 
laneous piurposes in railroad olectiiflcatlon work 
sometimes proves difficifit for stiuotunh not 
sufficiently close to main railroad tracks to 
permit handling by locomotive crane; here 
crawler cranes have proved their* value io^con- 
venience and economies. 


Rating 

^ELECTRIC MACHINERY. Report on 
Rating. Ini. Electrotech. Commission—Report 
of mig, of Adoisory Commiltee, no. 2, Stockholm, 
J^e^uly, 1930. Documents from Austria, 
Fnmce,, Ctermany, • Japan, Poland, Sweden, 
Switzerland, and United States, in their respec¬ 
tive languages. 


Reacttre Power 


E. O, 6K>odale. Elee, West, vol, 67, no. 3, 
Sept, 1.1931, pp. 11>117,6 figs. Two-element 
thre^phase meuers do not give accurate resets 
on fomywire circuits under normal conditions. 


neaciors 

Design of Standards of Induotance, and tifb 
Proposed Use of Model Reactors in the Design 
cj Air-Core ^d^Iron;^re Reactors, h7h 
U. S. Bur, SUuUards—dL kesearch, 
vol. 7. no. 2, Aug. 19^. pp. 289-328, 10 flgs. 
tTsefal general relations Concerning self and. 
mutual inductance of geometrically ^i^Ulkr coils 
are g^nted and their usefuteLess is ^demon- 
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Rectifiers 

COPPER OXIDE. Metal Rectifter AppU- 
catloriB. Engineer, toK 15^ no, 3947, Sept, 4, 
1931. pp. 241»>243,15 figs. Best-known applica¬ 
tions are thoRO associated with wireless rece^ 
tlon; but this simple m thod of rectification la 
applicable in many other directions, and cur¬ 
rents and voltages considerably greater than 
those heeded for wireless reception can be dealt 
with. 

R^nlators 

INDUCTION. The Application of Induc¬ 
tion Regulators, Y. O. Bryan. Elec* Her., vol, 
109, no. 2805, Aug. 28. 1931, p. 816. 4 figs, 
Fundamental prindplos of apparatus which is 
not so generally imaerstood. either in theory or 
in application. 

Remote Control 

POWER PLANTS. Romote-Oontrol Switch- 
gear at Woolwidi. Engineer, vol. 162, no. 
3940, July 17, 1931, p. 76. 3 figs. Installation 
of remote electrically controlled switchgear put 
into service at BcUwater Gate power station of 
Woolwich Borough Oouncll; switchgear is 
dedgn^ for pressure of 6,600 volts and is elec¬ 
trify operated by remote control from corre¬ 
sponding panels on main control board situated 
in central position in station; cubicles are built 
up of molded stonework slabs reinforced by 
steelwork. 


SIGNALS AND SIGNALING. Chicago 



Tdevidon 

Tdevlsloii. B. B. Felte. N. Y., McOiaw-HiU 
Book Oo., 1931. 272 pp., illus., diagrs.. charts, 
$2.50. Book explains oaslc processes Involv^ 
In any televidon system and describes methods 
of erasing ssrstems; standards of performance 
requisite to commercial service are outlined, and 
limitations of existing methods are pointed out: 
gives g<^ general survey, in not too technical 
umguage, present situation, problems i^t 
televlston faces, and its probable future. Eng. 
8oc.Llb..N.y. 

RECEIVING APPARATUS. Standards of 
Performance for Commercial Television, Re¬ 
ceivers, O. H. W. Nason. Radio Eng*. voL 11, 
no. 8, Aug, 1981, pp. 30 and 46, 2 fljm. Td^ 
vision reemver desm as distinguished &om radio 
sound receiver de^;n: typical sd^tlvlty curve; 
sensitivity characteristics and fidelity curves for 
t^evMou receiver. 

DESIGN. The De^ of a Complete Tele¬ 
vision System, O. E. Huffman. Radio Eng*, 
vol. 11. no. 8. Aug. 1931, pp. 36 and dS, 10 
Technical information ox direct use to radio 
eusd^eers who desire to master elements of 
television. Before Radio Club. 

Testing Laboratories 

MANUFACrVRlNG PLANTS. B»ltiilK>re’« 
XTiffh Yoltc^e Laboratory. D. H. Rowland. 
Baltimore Engr*, vol^G, no. 6, Ai^. 1981, pp. 
9-11 and 16. 6 figs. High vol^e laborotory of 
Locke Insulator Oorp.. makes available to 
electrical industry facilities which are of greatest 
importance in considering future growth of 
electrical transmission; laboratory is capable of 
lucing 2,500.000 volts; equipment Is brie^ 
Before Am. Inst. Elec. Engrs. 


3 figs. Increased safety and flexibility of operar 
tlon. and high return on investment have 
amply warranted oxpenditure of $18,000; solu¬ 
tion of problem; operation of system; color light 
and dual conta^l switch machlues; 
economies effected. 


Resistors 

DESIGN. The De^n and Construction of a 
Shield^ Resistor for Eugh Voltages, R. Davis. 
Instn* Elec. Engrs. — JL, vol. 69, no. 416, Aug. 
1981, pp. 1028-1035, 2 figs. Design of shielded 
resistor for ^l 80 at voltages up to 60 kv.; con¬ 
siderations governing design arc dlscxissed in 
detail; construction and performance of resistor 
are dealt with and finally question of extending 
further range of such apparatus is touched upon. 


Rotors 

• 

Dead Points in Old Rotors, W. L. Hurlburt. 
Elec* Wes(, vol. 67. no. 3. Sept. 1. 1931, P. 123, 
I fig. Wnon modernizing control equipment 
of some old wound-rotor Induction motors 
equipped with slip rings and external starting 
redstonce, dead points often develop at st^t fir 
resistance is removed; leakage flux conditions 
should be observed. 

TUREO-GENERATORS. Stresses in Re¬ 
taining and Centering Rings for Tmhi^ 
.Generator Rotors, R. Patterson and D. H. 


(discussion) 87-8^ 10 figs. Faper hororo 
Am. Soc. Mech. Engrs., indexed Engineering 
Index 1930, D. 1829, from Advance Paper, no. 
42. for mtg,Dec. 1-6,1930. 

Switohgear 

STANDARDIZATION. A DIscunton of 
New Standards for Swit<diing Equipm^t and 
Insulator Units as Adopted by N.B.M^ 
Elec, Light and Power, vol. 9, no. 9, Sept. 1^1, 
pn. 27-29,2 figs. Rated voltage; determination 
of flashover values corresponding to preferred 
voltage ratings; curve showing mtnimu n i wet 
and flashover values for assembled, upright, 
base-mounted Insulators; correction factors for 
apparatus rated ou basis of varying altitudes: 
theoretical minimuTn safe distances to mround 
fcHT \^ouB voltages at 60 cycles; spacing of 
insulator columns for various voltages. 

Telepjione Relays 

Characteristics of Strowger Bek^, R. W. 
QrayblU. Telephone Engr., vol. 35, no. 8. 
Aug. 1931, PR 25 and 28, 5 figs. Discussion of 
features of horizontal '>elay structme which 
may he varied to seeure different performan^ 
charactSristtss and which account for long life 
of this type of rejay. 


DETECTOR. A Method of C^culatlnff^^e 
Performance of Vacuum-Tube QJrcuite 
for the Plate Detection of Radio Signals, J. P. 
Woods. Unwer* Texas^BuL, no. 3114, Apr. 
8, 1931, 71 pp,. 21 figs. Complete mathemati- 
* cal analy^ pertaimng to stwdard signal;^ 
detection of small signals; Ideal detec^on; 
limited theory of large signal dete^on; ext^ 
alon to Incluae pure resistance loading, in grid 
and plate circuits; power series analysis of 
static characteristic; aualytis of detection per- 
formance of UX-201A vacuum tub . Bibliog¬ 
raphy. 

HOT CATHODE. A Method of Determin¬ 
ing the Impedance of Hot Oatiiode Discharge 
Tub^ W. P. Westendorp. Rto. Sci* 
menis, vol. 2. no. 8, Aug. 1931, pp. 487-446,8 figs. 
By means of superposed ailttimatiiig current 
negative retistance of hot cathode neon and ^ 
mercury direct currmit arcs was measured and 
found to follow closely slope of statio (^aractor- 
istic of neon arc and to be widely different in 
case of mercury arc; at same time reactance for 
ripple current in arc was determined. 

THYRATRON. Some Characteristic of 
Tbyratrons, J. O. Warner. Insi. Radio Engrs* 
—Pfoc., vol. 19. no. 9. Sept. 1931, pp. 1661- 
1568, 6 figs. Fundamental characteristics; 
comparison ^th characteristics of high-vacuum 
tubes to show outstanding adv^tages wd 
limitations: starting characteristics: t^icu 
examples; sevend types of tbyratrons described. 

Watthoor Meters 

INDUCTION. The Induction Watt Hour 
Meter, J. L. Perns. Elec* Times* vol. 80. im. 
2078, Aug. 20,1931, PP. 276-277.6 figs. Methods 
Of producii^ phase (uffaenoe for friction com- 


Transforms 


OSCILLATIONS. Transformer OscUlatloc 
Caused by Damped Oscillatory Waves, L. V. 
Bewley. Gen* Elec. Rev*, ypl. 34, no. 

1931, pp. 512-617. 8 figs. Purpose of article Is 
to conifer possibilities of building up excessive 
internal oscallations in transformers by means 
of damp^ osciliatoi^ incident waves, and in 
partlcul^ to show effects of tnuisforn:^ losses 
and decrement of appukl wave In limiting these 
abnormal internal voltages. 

Transmission Lines 

DESIGN. On the Determination of String¬ 
ing Tensions for Transmission Lines and Gables, 
J. W. Campbell. Eng* JL* vol. 14, no. 9. 
Sept. 1931, pp. 477-481. Method for finding 
temperature-tension relations for suspended 
cables; of single spans ^th points of support at 
same level, sin^e spans witli points of support at 
different levcus, composite spans which have 
intermediate supportmg structures; hyperbolic 
methods are used throuimout, validity of method 
for sage of any magnitude is shown. 

HIGH TENSION. The Louisvllle-Olncin- 
natl Interconnection, H. W. Eides. Elec* Light 
and Power, vol. 9, no. 9, Sept. 1931, pp. 30-84, 
13 figs. Since Oct. 16, 1930. 32,000 kw. of 
power were transmitted ffom Ooluml^, OMo, 
steam plwt of Cincinnati system to Loulsvule 
over new 82-mi., 138,000-volt transmission 
line; prlncip^ features of interconnection: map 
showing course of line Is given. 

LIGHTNING FROTBCTION. Slo^oud 
Ionization Confirms Direct-Stroke Theory, 
O. L. Fortescue. Elec. World, ypl. 98. no. 10, 
Sept. 5. 1931, pp. 420-421. Il^d mqMipoes 
have given Ann support to theory that direct 
stroke rathw than mduc^ stroke is cause of 
transmission outnwes due to lightning; dis¬ 
charge time predliiow induced voltage; one of 
primiury requisites of ground wire protection 
therefore is that groima wire shedl alwairs in¬ 
terpose itself as silled agatost oncoming strokes. 
Before Am. Inst. Elec. Engrs. 

VIBRATIONS. Dampers Installed^, on 
“Hof» IlO-Kv. Line, P. f. Ost. Elec. W^i, 
vol. 67, no. 3. Sept. 1. 1981, pp. 114rll6. 1 fig. 
Eleotirical department of 01^ of San Frandsoo 
will install some 10,600 ^ri^tlon dami^ on 
its Het^ Hetchy transmission line; this line 
is of double-ch^mit, steel-tower construction 
carrying two 110-kVi rircults of 397,600 rir. 
mil A^.O.B. conductors suroended firom ten- 
unit Insulatcm; equipment is described. 

Vacuum Tubes 

The Variation of the Restotances and In^ 
riectrode Capacities of Ther^onic Valvw with 
Freauwey, L. Hartshorn. Experimental Wlre^ 
less: yol. 8, no. 95. Aug. 1981, pp. 413-421, 5 to. 
Nature of Changes ana their order of magnltode 
are considered and estimation of arising 
fri>m usual assumptions Mill be possible in any 
givencase. 



Welding 

LOCOMOTIVE FRAMES. Arc Wel^g of 
Locomotive Frames—I and II, J. M. V^w. 
Welding, yol. 2, no. 8, Aug. 1931, pp. 511-613. 
7 to- Method of fUttug to vees, propw selec¬ 
tion of electrodes and felievtog of strains by 
heat treatment are important factors to securing 
sound wold. 

FIFE. Wddtog Brass and .Copper PlpiM. 
D. W. Bndicott. Am. Wrftns Soc.--jr., 
vol. 10. no. 7. July 1931, pp. 26-29. 6 figs. 
Advantages of welding construction; tovesUg^ 
tlon by Linde Air Products Go., to de^mme 
most desirable type of design for Jointe in 
copper and brass tubiiv, best wtidiM proc^ure, 
most suitable welding rod, weldability of Jotote 
in various positions, and relative strength of 
various joint detigns. 

JOINTS. Hpo Weimng—How, When and 
Where to do it—III, W. Spraragen. Wading, 


in. receiver pipe lor vy - 

pound steam turbine; comparative wst of 
header construction; graphic repr^tation of 
stress transfer to collar and vee-tyiie joints; 
manufacture of pipe by automatic Cfurbqn arc 
process. 

STEEL STRUCTURES. Structural^ Arc 
Welding Progress. A. F. Davis. » 

vol. 16, no. 8, Aug. 1931, pp. 42-46, W ncs. 
Paper before West. Metal Oongrw previously 
iiMfexed from Metal Progress, Feb. 1931. 

STRUCTURAL STEEL. Wel^ Of Struc¬ 
tural Steel, J. Ferguson. Am. Welding S ^.— 

Before Am. winding Soc. 

Welds 

^nroperS^ of welds at Westinitoouse Research 
Laboratories; analyses of welded pads; to 
Improve arc welds materlaUy nitr(>g6in imirt be 
reouced below 0.05 per cent: micros tiiowtog 
dispersion hardening of ffon nitride. 

STRENGTH. The Strengtii of Frontal and 
Latend Welds, B. Hoehn. Bngineerinq* yol. 
182, no. 3419, iuly 24,1981, PP. IIJ^IIS,^ fl^. 
Lap welds may be ftontal or lateral; term lateral 
tootes weld which runs parallti to Une of 
action of resultant load on whtte to 

wdd fillet stands square to teuton* |orf»; ^ 
results show that specific resistance diTninlsh es 
as height of fillet increases; causes of decrease in 
rofist^^ of ftontal welds to tea^ are ex- 
nlained. and empiric^ rule found for its variar 
&mwitk height of fillet. Translated flrom report 
to Bwiss Boiler Owners* Assn. 
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220t000 Volt Transmission Line Across 
th Snsqnehanna.—^The work of oarrsonk 
the transmission line from the Safe Har¬ 
bor hydroelectric development across the 
Susquehanna River is now being com¬ 
pleted. The crossing, which is over two 
railroads and a mile stretch of river, is 
between hUls some 300 feet high. There 
are two spans of 3,000 feet each between 
a tower on an island near the middle of 
the river and those on the high hills on 
either side. In all, ten cables of alumi¬ 
num-steel are to cross the river. The 
cables will carry power over a 70 mile, 
220,000 volt transmission line to the 
system of the Consolidated Gas, Rleotrio 
light and Power Company of Baltimore. 
Safe Harbor will also be interconnected 
with the power development of the 
Pennsylvania Water & Power Company 
at Holtwood on the Susquehanna Hiver. 

Insulators for Pennsylvania Blectrlfi- 
cation.—A large order for porcelain 
insulators 1ms been placed by the Pennsyl¬ 
vania Railroad with the Westinghouse 
Electric & Manufacturing Company.. 
These insulators will be Msed in the new 
el otridcation now being continued to¬ 
ward Washington from Wilmington. 
If shipped at one time this order would 
make a freight train of 82 cars of 30,000 
pounds capacity each. According to the 
Westinghouse Coxiipany, the transmis¬ 
sion system for which these insulators are 
ordered exceeds in magnitude any pre¬ 
vious undertaking for railroad operation in 
the world and uses 132,000 volts to carry 
the current to the various substations. 

Power-Factor Correction Condensers 
for P. & L. E. R. R.—An order from the 
Pittsburgh & Lake Erie Railroad Co., 
for 46 units each of 4H kva., 2,300-volt 
rating, has been received by the Dubi- 
lier Oonden^r Corporation, New York. 
The units are the standard DubUier 5 
kva. units, weighing 73 pounds, and 
measuring 5 by 17 by 21 inches. They 
are to be installed at Colona, Pa., for 
power-factor improvement. 

New High Voltage Rectiifler.—What is 
claimed to be the largest continuous rat¬ 
ing of dry, metallic rectifier for a given 
space is included iu a new lin0 of high 
voltage rectifiers annoimoed by the B-L 
Electric Manufacturing Company, of 
St. Louis. Occupying a space of only 
7^ X 2H X inches, this rectifier may 
be given a continuouB output rating of 
76 watts. It will operate directly from a 
115 v®lt a-o. line. 

^WUI Introduce New Fa8e.-^Dana 
Harland will direct the sales of the new 
“AE** fuse that is being introduced to the 


eleotrical industry by the Associated 
Engmeers Company, of Chicago. The 
“ATT/* fuse is one of a long list of eleotrical 
improvements developed by the Asso¬ 
ciated Engineers Company, of Chicago, 
since its organization in 1908. 

New Building for Jefferson Electric 
Company.^Announoemeht has been 
made that a contract for the construction 
of a new $550,000 plant has been awarded 
by the Jefferson Eleotrlo Company, of 
Chicago, to The Austin Company, engi¬ 
neers and builders, of Cleveland. The 
site is at the southwest corner of 25th 
Avenue and Madison Street, in Bell- 
wood, and comprises approximately 19 
acres of property. When the plant is 
completed on January 15, 1932, the com¬ 
pany will abandon its present manufac¬ 
turing units at 15th and Laflin Streets 
and Congress and Green Streets, Chicago. 
The Jefferson Electrio Company was 
formed twenty years ago and merged five 
years ago mth the Chicago Fuse Manu¬ 
facturing Company. 

New Time Switch.*^A new Sauter» 
83 niehronouB motor time switch is an¬ 
nounced by R. W. Cramer & Company, 
Inc., 67 Irving Place, New York, the 
outstanding feature of wMch is a self- 
starting, slow speed synchronous motor. 
It is designed to operate at a certain speed 
in exact time with the frequency from the 
generating station, so that any number of 
these switches may be used to control 
multiple street lighting, sign and store 
window lighting, off-pee^ water heating 
and other time controlled circuits, idl 
being turned on or off at the same time. 
It is equipped with laminated brush type 
copper contacts with silver arcing tips— 
. quick make and quick break, and can be 
furnished in 2, 10, 15 and 25 ampere 
eapaoities for 110/220 volts, the syn¬ 
chronous motor being for use on 110 volts, 
60 cycles. 


TraJe LitercdNire 


Contact Points.—Booklet, 24 pp., 
“Metallurgy and Design of Contact 
Points.” Includes tables and diagrams 
illustrating the standard forms of con¬ 
tact points and fixtures available. Pan¬ 
steel Products Company, Inc., North 
Chicago, HI. 

Insulat d Cabl .—Bulletin GEA 1312, 
104 pp. Presents a compilation of infdr- 


mation on all types of rubber insulated 
and miscellaneous insulated cable, includ¬ 
ing data on the selection of cable. 
General Electric Company, Sftheneotady, 
N.Y. 

Pnaes.— Booklet, 18 pp. The booklet 
gives a history of the inveiftioii and de¬ 
velopment of the fuse. It describes fuse 
ooiutruction and operation, as well as 
maintenance, and correct selection. 
Tables are included giving the sizes nec¬ 
essary for protection of motors and other 
appliances. Bussmann Manufaotiuring 
Company, University at Jefferson, S^. 
Louis, Mo. 

Wood Pole Specifications.—^Bulletins. 
Contain the new American standard pole 
specifications for western red cedar, 
northern white cedar, creosoted yellow 
pine, and chestnut. In each case the 
specifications are tentative, but the 
dimensions are standard, and both were 
apinroved June, 1931. Inquiries ^ould 
indicate which of the four specifications 
are of particular interest, Naugle Pole & 
Tie Company, 5 So, Wabash Avenue, 
Chicago, Illinois. 

Thrust Bearings.—^Bulletin HV, 40 pp. 
Describes vertical and horizontal thrust 
bearings whose parts are to a large extent 
interchangeable. Only standard, self- 
aligning, equalizing thrust bearings are 
covered therein. Capi^ities, weights and 
principal dimensions are given for the 
usual forms of these bearings. Kingsbury 
Machine Works, Inc., Frankford, Phila¬ 
delphia, Pa. 

Bistortiou Factor Meter.—^BuUetla 
P-311, 4 pp. Describes type 536-A dis¬ 
tortion factor meter for use in*^ determin¬ 
ing harmonic content of broadcasting 
station output, and to check through the 
amplifier in order to determine the source 
of distortion. The distortion factor is 
read directly on the dial, and the only 
operations required are those of throwing 
the switch and adjusting a potentiometer. 
General Radio Company, 30Btate 
Cambridge A, Mass. 

Short-Center Driyes.—Catalog, 148 
pp., is described as au entirely'now trea¬ 
tise of efficient short center drives oom- 
piled by the engineering staff of E. F. 
Houghton & Company, The book con-, 
tains charts, tables and engineering data 
on 5,000 standard “Wm” efficiency drives 
ranging from 5 to 100 horsepower. A 
special mineral tanned leather belting is*^ 
employed in these drives. The book was 
originally published for use by the com¬ 
pany’s field men, to assist them in discuss¬ 
ing and working out transmission prob¬ 
lems with engmeers, and therefore it is 
not for general distribution. Copies wffi 
be delivered directly by a distributor to 
executives and engineers, interested in 
transmission drive8,'^ho will send in their 
requests in writing. &. F. H ugbton dr 
Company, Philadelphia, Pa^ 
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Diablo Dam, one of the three ma|or units of the Seatll 
(Wash.) municipal hydroelectric development on the Shasit 
River. Thb dam is 386 ft high and 1,200 ft. long at th 
crest; it will supply a plant having a proposed capacity of 
about 320,000 hp. ata gross head of about 330 ft. 
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UO YOU insh your twelve 1931 copies 
of EziSctbical Enciikbbbikq bound for 
pennauent record purposes? (See p. 18 
adperUeing eecLion,) 

^VnNUAL index to ELxorniOAL Enqi- 
NBBBiNQ for 1931 is beiu^ published in 
separate pamphlet form; a copy is avail* 
ble without charge to each member or 


subscriber if reguested before January 15, 
1932. (See announcement, p. 82 adpertieing 
eedion; order form, p. 992.) 

Dr. M. I. PUPIN, one of the Institute's 
nine living Honorary Members, intro¬ 
duces an exact theory of inductive bal¬ 
ancing networks for submarine telegraph, 
cables. (See p. 9SS^.) 
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NEW scheme is proposed for riding 
watthour meters over telephone lines. 
(See p. 942^4») 


Research in dielectrics h^ witnessed 
an unusual intensity during the past year 
in the study of insulating liquids. (See 
p. 967-70.) 


Unusually aotlv© participation by 
Enrolled Students was but one^ of the, 
noteworthy features o? the ^^ecent^Kdhsw 
City district meeting reported in full in 
this issue. (iSes p. 978-6.) 


That engineers wiE “share generously" 
is evidenced by the plans already under 
way for participation by the Institute’s 
Sections in the organization of Ipcal 
engineers’ unemployment relief com¬ 
mittees. (See p. 975*) 


Fourteen technical sessions, inter¬ 
esting inspection trips, and special enter¬ 
tainment features, represent the principal 
attractions of the forthcoming winter 
convention, plans for which rapidly are 
assuming final form. (See p. 971-2.) 



ing of the short a-o. arc, as encountered in 
circuit interrupters and in low voltage 
power distribution networks, have been 
subjected to rather close scrutiny in a 
group of three articles. (See p. 948-67.) 


In this month’s article of the Engi¬ 
neering Foundation series “Has Man 
Benefited by Engineering Progre8B?’’it is 
stated that “the growth of understanding 
by the many will form the fodndatioif for 
a new and greater progress.” (Sec p. 94 '^*) 


Unfortunate rotor and stator 

slot combinations in induction motors 
often cause serious ^regularities in their 
operating characteristics. Some of the 
many au^es of this perplexing situation 
are reviewed in a group of three articles. 
(See p. 9S6-42.) 


Those oonoemed with the oper tion 
of eleotrio power cables are refeirod to 
(1) a simple method of caloulating^cable 
temperatures under variable loads (see 
p. 944-8) and (2) methoijs for galculating 
sheath losses due to ^he proxinuty of 
electric power currents (see p. 966-6]f 
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Nerve Injuries 
From Electric Shock 


During the last few years the authors have 
been studying the effect of electricity upon 
,the nervous systems of experimental ani¬ 
mals. In this article are discussed briefly 
th^ types of changes found in the brain/ the 
spinal cord/ and in the nerve cells them¬ 
selves following an electric shock. 

By 

W. B. KOUWENHOVEN 

Member A.I.E.E. 

Both of 

O. R. LANGWORTHY The JohtiB Hopkins 

Non-member University. Baltimore 


LtABORATORY experiments made at 
The Johns Hopkins University to determine the effect 
of electric shock upon living animal organisms now have 
reached a considerable total, and well may be divided 
into groups according to the spedfic question being 
studied upon the occasion of the various groups of tests. 
This clarification is indicated in the accompanying 
bibliography to which the numbered references apply. 
The scope of the article® whidi appeared in the June 
1931 issue of Electrical ENOiMESRiNa was limited to a 
comparison of the final results as they affected the 
physical well-being of title subject of the ejqperiment, the 
article in effect being supplementary to one previously 
Vttblished.^« It is the aim of the present article to 
describe and discuss briefly the re^ts observed by 
microscopic study of the central nervous system in 
specimens subjected to shock according to experiments 
previouriy reported. The actual changes following an 
electric shodc as found in the brain, spinal cord, and 
the nerve cells themselves are outlined. 

Because of their convenient size and because a rat’s 
heart is not easily damaged by electric current these 
animals were used as the ecperimental subjects in all 
cases, thus making it possible to focus the attention 
upon the nervous system. In each case the rat was 
given ether before the shock was applied. Directly 
afto* ^eath the brmns and spinal cord of each rat were 
removed and immediately “fixed” in smtable solutions 
to avoid postmortem dbtanges. This material was 
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sliced and examined, first with the unaided eye, and< 
later microscopically to permit a detailed study of 
the narve cells. However, only a part of the material 
subjected to this microscopic study was derived horn 
the experimental subjects; the nervous systems of two 
electrocuted men also were examined.® 

In the first series^'® a number of animals were studied 
after being subjected to a-c. or d-c. shocks of 110, 
220, 500, or 1,000 volts. The time of contact varied 
in each group. In that series the electrodes were 
applied to the top of the skull and the base of the tail. 
For the 110- and 220-volt circuits more serious injuries 
resulted horn a-c. than from d-c. shock, while with a 
circuit potential of 500 volts, the effects of a-c. and d-c. 
shock were approximately equal. For circuit potentials 
of 1,000 volts it was dear that the d-c. shodc produced 
a greater injury than the a-c. shock, particularly when 
the time of application was taken into consideration. 

For the different potentials of both alternating and 
continuous current, rather definite characteristic abnor¬ 
malities®'® were found in each group shocked. The d-c. 
shocks more often produced symptoms of irritation to 
the nervous system, such as convcQsions, whereas many 
of the rats receiving a-c. shocks showed paral3n3is of the 
posterior portion of the body directly after the shock. 
These paral 3 ^ed animals were quiet, would not eat, 
and never lived longer than two or three days. These 
latte* cases whei studied after deatb showed an 
abnormally soft spinal cord; and microscopic observa¬ 
tion of cross-sections of the cords revealed that an 
area of hemorrhage, extending over a relativriy long 
portion of the cord, had severed nervous pathways. 
In all cases the great majority of hemorrhages in the 
spinal cord occurred in the areas indicated in Fig. 1, 
although of course some were found in other places. 
Similar hemorrhages but usually eanaller, occurred in the 
r^on of the brain. 'When these existed in the region 
controlling respiration, tiiey were conridered respon¬ 
sible for the death of the animal. In some cases hemco’- 
rhages w^ presmit also in the tissues covering the brain. 

In the cases of experimental animals it may be ssdd 
of hemorrhages that: (1) in the nervous system they are 
responsible for the immediate or subsequ^t death of a 
certain group subjected to contacts with dectric <ar- 
cuits; (2) they are mu<h more common after contact 
with a-c. circuits than after contact with d^-c. circuits; 
and (3) they increase in number with the increase of 
circuit potential. Hemorrhage have been foxmd also 
in the brains of men who have ^ed as the resUlt*of 
aimilar shodis. Such hemorrhages probably are caused 
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Fig. 1. Oost-sedion of ihe spinal cord of a rat 

The hemorrhase which may be noted in the upper and central 
portions i$ typical of the effect which caused paralysis of 
the hind leas and subsequent death of die animals 



Fig. 2. Two normal nerve cells and one damaged 
nerve cell 

LEFT—The clear area at the center is the cell nucleus; the 
dark dot is the nucleolus. The remainder of the cell is 
Ailed with deep-staining, flaky granules. RIGHT—brain 
cell from a rat injured by contact with an a-c circuit. It may 
be noted that the nerve cell is shrunken, darkly stained, and 
that no distinct granules are to be seen 


by the shaip rise of blood pressure which follows the 
breaking of the contact with an electric circuit. 

During the period of current flow, the blood collects 
in the veins, being squeezed from the heart and arteries 
by tbe contraction of the musdes in their walls. When 
the heart resumes its beating all this blood is forced 
back at once into the heart and arteries often over¬ 
taxing tbe capacity of the arteries and resulting in 
ruptures in their walls. Witii either a-c. or d-c. 1,000- 
volt .circuits, severe btirns often occurred around the 
electrode, in some cases resulting in an erosion of the 
skull beneath the head ^ectrode and even burning the 
surface of the brain itself. (This would be a rare tST® 
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of injury in man inasmuch as the head seldom lies in 
the direct pathway of the currmit.) Generally the 
bums from contact with a 1,000-volt d-c. c^uit wree 
found to be more severe than those from a 1,000-volt 
a-c. chcuit. 

In this group of rats wh^ the current parsed through 
the head, changes in the n^e cells could be demon¬ 
strated even when animals died at once following the 
shock. After shocks at 600 and 1,000 volts these 
changes were more marked than after the Iowa* volt^ 
age, as might be expected. In addition, they were more 
severe as a result of d-c. shocks than with a-c„ shocks. 
Nerve cdl damage is illustrated in sev«al of tfie ac¬ 
companying photomicrographic reproductions. 

In making these photomicrographic studies, the 
finer cell structures are differentiated by staining the 
cells with a bamc aniline dye. Certain portions of the 
cell have an affinity for basic dyes; others for acid dyes. 
In Pig. 2 the left-hand illustration shows normal nerve 
cells stmned with an aniline dye demonstratiig the 
characteristic granular structure of the cell. The cell 
edges are not regular, but are prolonged outward into 
angles which form the origin of nerve fibers. The clear 
area which always lies in the center of normal cells 
represents the nucleus, and near its center contains a 
black dot which is known as the nucleolus. Around the 
nucleus thme are fluffy deep-staining granges which fill 
the remainder of the cell, always arranged in this charac¬ 
teristic manner with the type of cells represented in the 
illustrations. The granules probably are formed after 
death by the coagulation of some protdn substance. 
Nmve c^s injured by the passage of an dectric current 
through the body, some from the brains of rats and 
others from human material, are reproduced in Figs. 2, 
,3 and 4. 

Experience shows that all nerve cells even in a given 
group do not show an equal amount of damage as the 
result of an electric shock, several normal cdls often 
being foimd among othm that have suffered great, 
changes. Ext^isive microscopic studies support the 
belief that cells having the potentialities of recovery 
may be differentiated from those rendered completdy 
and permanently functionless. In this connection the 
nudeus is the real index of the ultimate fate of the cell; 
if it shows marked danoage the cell will die. In the cases 
of experimental animals that recovmed from the im¬ 
mediate effects of shock and were killed three or four 
days later, the nerve cell changes could be demonstrated 
with even greater darity than in those animals which 
did not survive the shocL There appeared to be many 
cdls which were pennan^tly damaged, and others 
having the iwtentidities of recovery. 

When a man suffers an electric shock which stops his 
breathing, artificial respiration should be contimied for 
a prolonged period in order to give the nerve cdls con¬ 
trolling respiration time to recover their normal func¬ 
tioning. Of course in the cases whet;^ chajiiges in the 
nerve cells are extremdy sevme,'recovery naturallj 
cannot be ^cpected, but since this cannot.be p^eter- 
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mined the only safe and logical course is long-continued 
resuscitative effort. 

Another question which arose had to do with the 
probability of injury to nerve cells when those cells did 
not lie in the direct path of the current. To test this 
question '*^<the electrodes were shifted from one portion 
of the body of the experimental subject to anotb^, and 
either a-c. or d-c. shocks at 1,000 volts were applied for 
one second. These resultant e3q>6rimental findings 
'demonstrated dearly that sudi contact caused damage 
to nerve cells only in that portion of the nervous ssrstem 
traversed by the current. Of course a current traversing 
the chek mqy produce serious dianges in nerves con¬ 
trolling breathing and this injury of the nerve fibm is 
reflected in the cells from which Aey arise. It has been 
shown that electricity may produce a temporary block 
to nerve fibers as well as in nerve c»lls. 

It is of importance to note that the type of changes 
produced in nerve cells by dectric shocks are non¬ 
specific and may be caused by other phjnsical and toxic 
agents. Very high bodily temperature inay damage 
nerve cells, and it is an esteblished fact ^^t body tem¬ 
perature rises rapidly in the case of dectric shock if the 
circuit is closed for any length of time. This is sup¬ 
ported by the r^ults of autopisy- performed oh a man 
who suffeed accidental death by contact with a2.2-kv. 
60-cycle circuit. The contact was from one arm to one 
1^, lasted several minutes, and badly burned the body. 
In this case the brain c^ sliowed marked changes, 
even though that region 4id not lie in die direct path¬ 
way of the current. Therefore it must be conddered, 
that if the body temperature is elevated to a consider¬ 
able d^ree, changes everjrwhere in the delicate nerve 
cells must be expected. These, dianges - are indi^ 
tinguishable from those producdi by dectridty alone. 

To eliminate heat as a source of he've cell dams^, 
several experiments were conducted using a small im¬ 
pulse generator^, as the source of the electric shodc. 
Circuit constants were so chosen that the entire duratioh 
of the surge did not exceed 4.5 microseconds, while the 
Tn ajrinniTn current was about 100 amperes and the 
potential, 200 kv. The small amount of enei^ 'm- 
volved, coupled with the extremdy short duration of 
the surge, produced little or no temperature rise in the 
animals Objected to the test. These rats were oriented 
in different ways with respect to the electric discharge 
so as to obtain results frem curr^t passage through 
diffo^t portions of the body. Marked changes in the 
nerve cells themsdves were found in the brain and 
spinal cord of the subjects when it was traversed di¬ 
rectly by the surge curr^t. It is clear therdore that 
an dectric discharge produces profound changes in 
nerve cdls, even in cases where heating is not a possible 
factor, When the period of contact is prolonged, heat 
undoubtedly produce marked alterations. 

*In addition to heat there is another cause which 
affects nerve cdls lying outride the current path. 
Where, for example, the contacts are at points on the 
same^ml or leg, the passage of the dectric current be¬ 


tween these points gives rise to violent impulses wbh9i 
the p«ipheral nerves transmit to the brain. "When these 
impulses are very^strong they may produce a condition 
of shock akin to that perceptible after operations and 
fractures. This, the authors bdieve, is the explanation 
of death which occurred in several of the rats, following 
the passage of an electric current from hind 1^ to 
hind leg. 

Injury to the nervous i^ratem resulting from dectric 
diock has been studied recently by Morrison, Weeks, 
and Cobb* working independent of the present 



Fig. 3. Two damaged human nerve cells 

RIGHT—From the brain of a man killed by a prolonged 
contact with a 2.S>kv. a-c. circuit. The edge of the nucleus 
may be noted to be irregular and to stain darker than normal, 
its nucleolus is swollen. There are few granules remaining 
in the cell. LEFT—From the brain of a legally executed 
twenty-four year old man. It may be noted that the nucleus 
edges are indistinct, the nucleolus swollen, and that there 
has been a loss of granules from the center of the cell 



Figi 4 . Damaged human nerve cells 

A group of cells from the nerve center controlling breathing, 
from the brain of a man killed by cc^htact with a 2.2-l<v. circuit 
It may be noted that the nucleus Is pushed to one side of the 
cell and that there are but few granules 
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{(Uthors. Their findmgs a/gcee well with those reported 
in this article. 

The authors wish to take this oppoftunity to acknowl¬ 
edge the support given to this work by the committee 
on physiology of the conference on electric shocks. 
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New Interurban Cars Secure 
High Speed at Low Cost 

Ten STREAM-LINE aluminum-body cars 
capable of a speed of 80 miles per hr. are being placed 
in service by the Philadelphia and Western Railway 
Company for suburban traffic. The running time of 
express cars from Norristown to the 69th Street station 
in Philaddphia, a distance of 13^ miles, is scheduled 
to be cut from 24 to 16 min. by these new 52-passaiger 
cars which weigh but 26 tons and are equipped with four 
100-hp. motors operating under automatic control. 
The cars are being constructed by the J. G. Brill Com¬ 
pany and the electric equipment is bmg supplied by the 
General Electric Company. 

Under the direction of Prof. P. W. Pawlowski, profes¬ 
sor of aerodynamics at the University of Michigan, 
exhaustive wind tunnel experiments ^ve beei con¬ 
ducted to assist the designers in cutting air resistance to 
a minimum . The windows are flush with the side sur¬ 
faces of the cars, the under-floor equipment is planned 
to reduce air resistance, the cars, on the underslung 
principle, have a low center of gravity, the roof is 
relatively low, and each'end of the car has a sloping 
ropf and pointed nose. 'The entire body is aluminum, 
with a polished aluminum “belt rail” and “skirt" 
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running firom end to ^d below the windows, adding 
greatly to appearances. Wind-tunnel testa ^owed that 
with the conventional cars operating between 70 and 80 
mOes per hr. more than 70 per cent of the total power is 
consumed in overcoming air resistance. The stream-line 
design of these new cars will save approximately 20 per 
cent of the power required to propel them at speeds 
above 60 miles per hr. 

The weight per horsepower of the 600-volt motors 
has been reduced from the usual value of 30 or 35 lb. per 
hp. to 26.8 lb. per hp. This has been accomplished by 
the use of fabricated gear cases, cast-steel semi-fabu- 
cated flame heads, and modifications of, motbr frame 



Front view of one of the new high-speed stream¬ 
line cars soon to be placed into service by the 
Philadelphia and Western Railway Company 


design. Self-ventilationofthemotorshasbeenimproved 
by the use of a fan mounted on the commutator end of 
the shaft. With the motor contarol system employed, 
starting currents are hdd automatically to the highest 
permissible values consistent with good commutation; 
thus every acceleration is the maximum which can be 
obtained successfully. This new type of high'^/jpeed, 
lilht wdght car providing fast and comfortable service 
is expected to result in increased patronage, bighor 
schedule sp^d with lower platform*'ejsts, lower main¬ 
tenance costs, mid a saving in power consomptioip 
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f.arltbr Inductive Networks 


Balancing Cables by 
Inductive Networks 


Greater transmitting speeds are possible in 
submarine telegraph cables when balanced 
by inductive, networks than could be 
obtained with the older resistance networks. 
In this article is presented the first exact 
thepry of inductive balances of. which two 
already ar in successful practical operation. 


By 

M i PUPIN OolumUft UnlTentty 

HoioiLy Member A.IJI.I1. York. N. Y. 


Electrical balancing of sub¬ 
marine cables by a network of conductors for purposes 
of duplex tdegraphy is an old art. As long as these 
cables had a fairly high resistance, as they did in earlier 
years, their signaling speed was necessarily low. Undw 
these conditions a satisfactory balancing network, 
the well known artificial line, conristed of resistances 
connected in smes, and capacitances connected from 
ground to each junction of two consecutive resistances. 
This network was tiie equivalent of a sectional con¬ 
ductor, each section having resistance and capacitance, 
but no inductance; electrical reactions of the network 
imitated the electrical reactions of the cable. At low 
ai gnalitig speed such a network gave satisfactory results 
'when its sections w&e sufiicientiy small and when a 
suffiriently large number of sections was used. 

In jQBcent.years long submarine telegraph cables of 
low resistance have been laid for the purpose of increas¬ 
ing the speed of signaling. The heavy cable laid 
ei^t yeals ago by the Commercial Cable Company 
betwe^ Canso, Nova Scotia, and the Azores has a 
resistance of oily about one ohm per nautical mile; 
it was intended to transmit at the rate of 600 letters 
per minute. At tiiis speed, however, the inductance 
ration of tile cable came into play and the old balanc¬ 
ing network containing no inductance in its sections 
could not balance it. In duplex working this heavy 
cable had to be operated at a much lower speed to ac¬ 
commodate the non-inductive balandng network. The 
design bf an efficient inductive network thus became a 
very important problem in the operations of this long 
low-reristance cable. 

» • _ -_ - - -- 
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Even a superficial study of this problem made obvious, 
the fact that the old balancing artificial line had to be 
changed by introducing in its sections suitable induc¬ 
tive elements in place of the simple resistances. It 
was obvious also that within a certain firequency 
interval the effective inductance and resistance of these 
elements must vary with frequency, simulating the 
variations of effective inductance and resistance of the 
corresponding sections of submarine telegraph cable 
which was to be balanced. This seemed to introduce 
into the problem an insurmountable difficulty. 

Breisig (Ekctrotechnische Zeitschrift, November 1899) 
and, twenty years later, Pemot (Journal Franklin 
Institute, September 1920; British Patent Specification, 
1922) discovered that the effective inductance and 
resistance of a submarine cable section vary with fre¬ 
quency somewhat like the effective inductance and 
resistance of the primary of a transformer with its 
secondary short circuited. This discovery led to 
several attempts to imitate in the balancing network 
the electrical reactions of a cable by inserting in the 
sections of the old artificial line, transformers with 
short-circuited secondaries or their equivalent, that is, 
inductance short circuited by a non-inductive resistance 
or by another inductance. The most noteworthy 
among these attempts were those of Murihead Com¬ 
pany and Davis (British Patent Spedjication 216, 219, 
March 24,1924) and of Gilbert (17. S. Patent, 1,533,178, 
April 1925). No results ever have been published 



Fig. 1. Effective terminal resistance (A) end 
reactance (B) (or a typical submarine telegraph cable 
(circles) and f r the inductive network designed 
to balance it (dob) 
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PREQUENCY IN CYCLES PE^ SECOND 


Fig. S. Effective resistance (A) and inductance 
(B) per nautical mile (or ''equivalent” cable (circles) 
and (or the network designed to balance It (dots) 


whidi show how these applications of the old ideas of 
Breisig and Pemot succeed in practise. It will be 
shown presently, however, that these applications 
cannot lead to a satisfactory balancing network since 
each section in such a network must be free from 
external electromagnetic disturbances. This means 
that the network inductances must have no stray fields 
in order to avoid mutual induction with the inductances 
in adjacent sections and with other external circuits. 

Muiihead Company and Davis, as wdl as Gilbert 
and otii^, not only overlooked this importmat pro¬ 
vision, but, moreover, they recommended inductances 
witii stiay fields; the theory which they followed is not 
applicable to their structures since they invariably 
employed inductive elements having mutual induction 
not only with external drcuits but also between sections 
.of thdr networks. No mathematical theory of such 
networks exists, and just what are the determining 
factors in their dedgn, is not Near. 


reactance and reastance at various frequencies. These 
measurements were made on a typical cable and formed 
the foundation of the study discussed here. , 

Curves A. and B of Fig. 1 represent at various fre¬ 
quencies the effective terminal resistance o/ and the 
effective terminal reactance bf of a cable as^detamined 
by Wheatstone bridge measurements. The cable is 
one belonging to the Commercial Cable Company and 
connects Far Rockaway, Long Island, with Canso, 
Nova Scotia. Its constants are 

Length.I = 974.83 nautical miles 

Average capacity.c = 0.384 juf. pw nautical mile 

Average copper resis¬ 
tance.. • • •’■ = 2.45 ohms per nautical mile 

Submarine cables are not of the same size -at each 
point in their length; shore ends are much larger than 
deep sea parts, and hence the effective capaNty and the 
effective inductance vary from point to point. The 
cable just referred to thus is not uniform, but a uni¬ 
form cable which at all frequencies will have the .same 
terminal reactance and redstance as this cable can be 
dedgnated in theoretical studies; call it the equivalent 
ecdfle. It can be spedfied as follows: Let C/, R/, and 
L/ be the capacity, resistance, and inductance respec- 
• tivNy per unit len^h of this equivalent cable at fre¬ 
quency /. Then if it is to have the same terminal 
reactances and redstances at various frequences as 
those recorded in Fig. 1 


Of — tbf 


I V 

\ c/ p C/ 


or 

(ay»-V)C/-L/; Zpasb,C/^Rs' (1) 

wherep = 2 ir/ . 

Make C/ independent of the frequency and equal to 
0.384 M f., the same as the average capacity pc' unit 
length of the Far Rockaway-Canso cable. From 
eqs. 1 and curves A and B of Fig. 1, the effective 
redstances R/ and inductances L/ of the equivalent' 
cable were calculated. From these calculations cirves 
A and B of Fig. 2 were plotted for the frequdcy inj^rgal 
between 5 and 50 cydes pc second. 

An inductive network which can balance this equiva¬ 
lent cable obvioudy will balance also the origihal cable. 
Such a network balance the equivalent cable at 
every frequency for which the effective inductance and 
redstance in its sections are the same as in the corre¬ 


sponding lengths of the cable. The mm of this study 
iNDUCTivii Network With No External Field was to design a balancing network of this Mnd, employ; 

ing in its sections inductance coils possesdng no extenuJ 
In the following paragraphs wUl be discussed indue- fidds. Several methods of construction were found to 
tive networks having in their sections inductance coils . give very satisfactory results. The dmplest of these 
with no external magnetic fields. In such networks is described here in some detail, 
tire sections have no mutual induction with each oth^ 


nor with external drcuits; they are, therefore, free frrom Network of Inductances in Series 

external electromagnetic disturbances. 

,.In a submarine cable'Which already is laid, the only The network discussed here em^o^s in %ach of its 
quantities that can be measured are its terminal sections two inductance cofls connecW in- series as 
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shown by coils 3 and 4 of Fig. 3. Each coil is toroidal 
in shape and thus has no external magnetic field; one is 
shunt^ bjr a simple resistance Ri. The unshunted coil 
has inductance lo and resistance u. Let L be the 
inductance of coil 4 and R its resistance, without the 
shtmting r^istance Ri. Then it can be shown that at 
frequency 10 s, and with coil 4 shunted by resistance 
Ri, the effective inductance Lio. and the effective 
resistance Rm of the two coils connected in series will be 


L(l- o)» (o+s»o,«)gi ^ 

" 1 + a«* “ 1.+ s* oo* 

( 2 ) 

„„ R , 2 TT X 10 L 

- bTkT - K + S, 


At frequencies 10 s = 20 and 10 s = SO 

L (1 - tt)^ . . (a + 4 0 (,») Ri 

- 1 + 4 Oo* “ 1 + 4 Oo* 


+ ro 


, L (1 — o)* _ , ^ (o + 9 Oo*) 

l + 9oo* . ’*" l + 9oo* 

Hence 

Lit — Lit L (1 ~ o) L _Oo_ 

Eoo — Rtt Ri R "h Ri 2 ^ X 10 

( 3 ) 

As may be seen later eq. 3 has proved voy useful in the 
theory of the demgn of inductive balancing networks. 

If curves are plotted for Lit, end Rit,, the inductance 
and resistance curves given by eq. 3, then for the 
frequency interval from 10 s = 6 to 10 s = 60 tiie 
inductive network will balance the equivalent cable to 
the extent, only, that these curves coincide during that 
interval with curves A and B of Fig. 2. The problem 
of this study is, therefore, to adjust the physical 
constants of coils 3 and 4 (Mg. 3) so that within this 
frequency interval the curves for Lit, and Bio«, as given 
by etis. 2 coincide as nearly as possible with curves A 
«nd.B of {Ig. 2. The frequency interval between 5 
and 50 cycles per second is 'consideied here because it 
is the important interval at the signaling speeds of the 
cable under consideration, that is, 600 letters per minute. 

Assume that these curves coincide at frequencies 20 
and 30, and that.each section of the inductive network 
represents ten nautical miles of the equivalent cable; 
then 

lOLio^ = Lit) JlO Lit' “ Lit ) 

and [ (4) 

10 Rit^ — R 2 ol 10 Rzt* “ Bjo ^ 

Under what conditions will these coincidences occur? 
It will be shown presently that equation 

Lgp -1 Lzo Lio Lzo 
R 30 — R 20 — R 20 * 

determines th^ conditions completely, because (see 
6 q, 3 )^ it "assigns definite values to all of the phjrsical 
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constants in eq. 2 .. These constants are: Oo, lo, Ri, R, K 
and a = R/(R + Bi). The assumptions (eq. 4) lead* 
ing to eq. 5 arl, thwefore, the foimdation for the 
procedure of designing the inductive netwprk con- 
adered here. 

The right-hand memb^ of eq. 5 has, according to 
Mg. 2, a definite numerical value equal to 1/109 
approximately. The left-hand membw of eq. 6 is 
equal to ao/(2 ir X 10) according to eq. 3. Hence 


at 


2tx10 

109 


= 0.576 


and 

Oo* = 0.332 

This constant at in the equations of the inductance and 
resistance curves of the network is therefore fixed by 
exp^iment. The other constants in eqs. 2 also are 
definitely fixed by experiment as follows: 

Lit — lo 10 Lzt^ — lo 1-1-9 Oo* 

Lst ~ lo 10 Lit — lo 1 -|- 4 Oo* 


Whence lo = 18.30 mh. 
Again from eq. 2 


(l-o)*L' 


(lOW-lo) (I-I- 400 *) 

L 


= 56.57 mh. 


Having sel^ted a convenient value for L, the induc¬ 
tance of the shtmted coil without Bi, the constant 
a = B/(B + Bi) also is fixed. It is 0.387 when 
L = 0.16henr3re. Since 


1—0 


B. 

B - 1 - B] 


B] Oo 

2 TT X 10 L 


0.618 


Ri = 


2irX 10L X 0.618 

Oo 


= 10.0 ohms 


B 


oBi 

1-0 


6.3 ohms 


ro 


^ 10 Rit^ — 


(o -|- 4 Oo*) Bi 
1 -I- 4 Oo* 


= 20.0 ohms 


H therefore the physical constants of the two induc¬ 
tance coils in the sections of the inductive network have 
the values which have been calculated by means of 
eq. 6 , then the inductance and resistance values will 



Fig. 3. Schematic diagram of a section of inductive 
balancing network with no external magnetic Held 


935 


be as indicated in eqs. 4. The question now arises However, the overlapping of the tmninal reactance and 
as to how the effective inductance an^ resistance curves resistance curves is even closer as is indicated by curves 
&f the two structures compare at other frequencies. A and B of Fig 1. In these curves the squall circles 
This comparison is obtained easily by substituting denote values determined by Wheatstone bridge mea- 
succesrively different values of frequency from 10 s 5 suremaits on the cable and referred to previously, while 
to 10 s = 60 in the following equations; the dots dffliote values calculated by eqs. 1 from Lio, 

recorded on curves A and B of Fig. 2, and verified later 
experimentally by measurements on the inductive 
balancing network after this had been constructed. 

(6) Since the terminal impedance curves of the inductive 
network and of the equivalent cable coincide within 
the frequency interval between 5 and 50 cypl^ per 
second it follows that the network will balance the cable 
These equations are obtained by inserting in eqs. 2 within that frequency interval. Practical operations 
the values of the constants just calculated. are in complete agre^ent with this theoretical result. 

The values of inductance and reristance thus calcu- The same method of procedure was followed in the 
lated from eqs. 6 were plotted by dots in the curves of design and construction of inductive network balances 
Fig. 2. The overlapping of the effective inductance of this type for other cable terminals, and in each case 
and reristance ctuwes of the equivalent cable with the result was just as satisfactoiy as in the case just 
those of the inductive network certainly is remarkable, described. 


, 56.67 

- 1 + 0.332 s* 


Rittt ® 20.0 “f- 


(0.386 + 0.332 8") 10 
1 + 0.332 8* 


Irregularities in Speed-Torque 

Curves of Induction Motors 


Recent investigations have thrown light on 
the hither to obscure causes of "cusps’* in 
the speed-torque curves of polyphase in¬ 
duction motors, causing the motors to. 
"crawl" at reduced speed or to be noisy 
and to vibrate under load. Results of some 
of these studies are described in the three 
articles following the introduction below. 

SpEED-TORQUE curves of pol 3 rphase 
induction motors on test never have agreed wifli the 
smooth calculated characteristics. As a result of these 
unpredictable “hooks” or “cusps” in the sopeed-torque 
curve, some motors are found to crawl at unexpected 
speeds or are so noisy as to be u eless for all practical 
piuposes. Various explanations have been advanced as 
to the cause of these irregularities, but no satisfactory 
method of definitely pr^etermining the speed-torque 
curve could be found. 

•Certmn factors, such as the harmonics in the re¬ 
volving field caus^ by the distributed winding, or the 
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relative number and shape of the stator knd rotor 
slots, are known to influence the shape of the curve. 
However, dependence upon empirical rules for the 
sdection of rotor slots always has been necessary. 
Rules such as the use of twice a prime number for 
rotor slots, or the avoidance of less than 20 pec cent 
difference in stator and rotor slots, have passed from 
one designing generation to the n^. A German^gi- 
neer. Dr. W. Stiel, published other empirical rules 
devised from an extensive investigation of a large 
variety of dot combinations. As is to be expected, all 
these empirical rules not based on a knowledge of the 
disturbing phenomena often result in unpleasant sur¬ 
prises. Hence today manufacturers are led to the 
wasteful method of building a series of rotors with 
differoit dots whmiev^ a new line of induction motors 
is required, to find by actual test which of the rotors 
is most satisfactory. 

In the first two of the following tiiree articles, at¬ 
tempts are made to determine the cause of the hregu- 
larities in the speed-torque curves, and to formulate 
rules for the prediction of these charactmistics. The 
first article, by Eron, gives condderation to t^ slot 
combinations in the stator and rotof indicates that 
the most powerful disturbing effects are due notfto th*e 
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distribution of windings in slots, but to the existence 
of the slot openings in the stator and rotor. As the 
result of. a careful, mathematical analysis based on a 
new method of attack, involving the concept of “re¬ 
volving permeances,” definite rulesare laid down by the 
author rej^lirding the occurrence of vibration, noise, and 
crawling of induction motors. The second article, by 
Trickey, is concerned with the effect of harmonics in the 
rotating field, and the results, while not entirely in 
agreement with those in the first article, appear to be 
wdl substantiated' by test. A possible explanation of 
the {ipparent discrepancy between these two investiga¬ 
tions is that* the first is concerned with rotors having a 
small, number of slots so that the slots are relatively 
importknt, while the second deals more particulariy 
with rotors having a large number of slots so that the 
slots become less important and the harmonics in the 
field have an increasing influence. 

The third article of this gtpup is a contribution from 
England, and gives the derivation of a formula for 
determining the short-circuit current obtained with 
skewed rotor slots in per cent of the short-circuit cur¬ 
rent obtained without skewed slots. By its use, the 
value of short-circuit current may be pre^cted for any 
angle of skew of the rotor slots. While this subject is 
somewhat controversial, it is of interest in connection 
with the other two artides, as skewing is resorted to in 
an effort to eliminate noise and crawling of induction 
motors at reduced speed. 


Slot Combinations 
of Induction Motors 


By 

GABRIEL KRON United Research Oorp., 

Associate A.I.S.B. Long Wand OIW. N.T. 


^^MONG the suggestions advanced as 
to the cause of irregularities in the shape of the speed- 
torque curves of polyphase induction motors which 
'cause them to crawl at reduced speeds or to have 
excestive vibration and noise, is that the harmonic 
fluxes introduced by the distribution of the stator and 
rotor windings in slots may cause these irregularities. 
However, the conclusions of this analytis are not borne 
opt by the facts, and the investigations on which this 
article is based show that the most powmful disturbing 

-- _ „ _ ; - ^ - 

Baaed upon “Inductlpn Motor Slot Oombinations** (No. 31-46) pre> 
muted'Sit tKh A.I.S.B. winter convention. New York, N. Y.. Jan. 26-80, 
1931. 
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effects are due not to the distribution of the windings, 
but to the presepce of the slot openings in the stator 
and rotor. 

The existing methods of analyzing the influence of 
slot openings were found to be unsuitaUe for this 
particular problem, so another method of attack was - 
devised, introducing the concept of “revolving pa*- 
meances” to find what fluxes exist in an induction motor 
besides the fundamental flux when both stator and rotor 
are slotted, and what is the speed of these parasitic 
fluxes as the rotor rotates at any particular speed. 
TWth this conception and the general tmn of Fourier’s 
series, the necessary rules and formulas may be re¬ 
pressed in simple forms. 

Revolving Permeances 

It will be assumed that the slots are replaced by 
effeeUve slots having rectangular shapes, as in Fig. 1(a), 
and that the lines of flux are parallel in the gap. To 
avoid the disturbing use of subharmonics and fractional 
harmonics, a flux with one pair of poles (two poles) 
will be called the first harmonic and a flux with p 
pairs of poles will be called the pth harmonic. 

Let fiist both stator and rotor teeth be removed. 
The resulting gap has a constant permeance (P. and is 
represented in Fig. 1(b) by unit height. 

Next, let tiie stator teeth be introduced. At those 
points aroimd the circumference where stator teeth 
exist, the permeance increases. This change of pa> 
meance can be considoed as if an additional stationary 
permeance, (P. consisting of rectangles, has been intro¬ 
duced. If the number of stator teeth is Gu this per¬ 
meance <P. can be expressed as a constant term plus a 
series of harmonic permeances 2 A, cos It Gt x where k 
is any integer. The largest of these is A cos GiX, 
the harmonic permeance having Gi pairs of poles. 

Let now the stator teeth be removed and the revolv¬ 
ing rotor teeth, G, in number, be introduced. This is 
equivalent to introducing an additional revolving 
permeance (P, = S B* cos (A: G, x - »1G* co t) where v 
is the ratio of the rotor spe^ to the two pole synchro¬ 
nous speed S. (S is 8,600 with 60 cycles.) The speed of 
each of the^ permeances is »k G»/k G» - v. The 
largest permeance is B cos (G, x -r r G, w t), the one 
with Gt pairs of poles. 

If the stator teeth are not removed when the rotor 
teeth are introduced, at those points along the circum¬ 
ference where no stator teeth ^t, the additional 
permeance is (P„ same as above, but at those points 
where stator teeth do exist, the additional permeance 
is larger than (P, by the amoimt of an oscillating pm*- 
meance <9o> This permeance (P„ due to the coexistence 
of slots, is much lairger than (P. or (P,. In decreasing 
the air-gap, (P, or (P, change v^ slightly, but (P, 
increases very rapidly. 

As the rotor revolves, each part of <Po desciibes a 
peculiar cycle. The width of each rectangle increases 
from z»o to a definite, valye, then moves aloi% the 
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periphery, soon decreases and finally disappears. In 
spite of its complicated behavior it «an be expressed 
eLily in a Fourier’s series by noting that if two series 
representihg (P. and (Pr are multiplied together the 
product represents the oscillating permeance (Po. 
Hence 

(Pa = cos [(ki Gi ± jfca G2) x ± » ki Giwt] 

The largest among these revolving double-infinity 
diarmonics is the one having (Gi — G2) pairs of poles, 

(Po = C cos [(Gi — G2) X V Gi oi t] 
revolving with a speed [G2/(Gi — G2)] If Gi is larger 
than Gi this permeance revolves forward; if smaller, 
it revolves backward. With decreasing air-gap <Po 
increases rapidly and may reach a value of the same 
order of magnitude as the constant gap. It is this 
very permeance which causes most of the trouble. 

Now, if V equals the number of pairs of poles of the 
stator winding, and an m.m.f. wave M = Mr cos 
(pa;- w f) exists in the stator, it produces with each 
of the permeances two fluxes since flux = m. m. f. 
X permeance. Based on this theory rules can be 
formulated as to the behavior of induction motors with 
regard to crawling, vibration, and excessive noise. 
These rules, summarized below, have been substantiated 
many tests and indicate that the assumption of 
rectangular rotor slots is Justified. 



c) Resultant permeances 


Fig. 1. Effective tooth shapes, and component 
and resultant permeapees due to slot openings 
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Summary of Rules 

A. Vibration and noise are liable to be pressnt under 
the following conditions. 

1 . When the slots differ by one or by the number of pole^lus or minus 
one. the fundamental m. m. f. and the oscillating permeance produce a flux 
differing by two poles from the fundamental flux. When the speed of the 
resulting unbalanced pull is the same as the critical speed of the rotor, 
circular vibrations and noise occur. 

2. When the slots differ by half the number of poles, the fundamental 

m. m, f. and the oscillating permeance produce a fundamental single-phase 
flux. When the frequency of torsional vibrations^s the same as the critical 
frequency of the rotor, torsional vibrations and noise occur. ^ 

3. When the slots differ by the number of poles the fundamental rrl. m. f. 
and the oscillating permeance produce a parasitic fundamental flux re¬ 
volving with a different speed than the fxmdamental flux. These two 
fluxes set up torsional vibrations and noise, and also rumbling p.oises un¬ 
accompanied by critical vibrations. 

The chances that the noise occurs in the working 
range are greater with smaller number of poles, higher 
speed and with smaller critical speeds. When these 
noises do occur, the motor is practically useless. 

B. Crawling may be present under the following 
conditions. 

1. When the slots differ by the number of poles and the rotor has more 

slots than the stator, the fundamental m. m. f. and the oscillating per¬ 
meance produce a parasitic fundamental flux. At a rotor speed S ( 2 /G 2 ) 
the speed of the parasitic flux is the same as the speed of the fundamental 
flux, the two fluxes lock and the motor crawls as if it were a synchronous 
motor (reaction machine effect). When the rotor has less slots, the syn¬ 
chronous crawling occurs at a negative speed. ^ 

2. When the rotor slots are greater than (Gi + p) by, say 80 per cent, 
the fundamental m. m. f. and the stator slot-opening produce a flux having 
less poles than the number of rotor bars. At a rotor speed .S/lGi + p) the 
motor crawls due to induction motor effect. 

3. When the rotor slots are greater than (Gi - p) by, say 80 per cent, 
crawling occurs at S/(Gi — pj if driven backward, due to the same reason 
as in 2. 

4. When the rotor slots in a two-phase motor are divisible by the number 
of poles, the fifth harmonic flux due to the distribution of ^finding may 
cause crawling at one-fifth synchronous speed. 

5. Any two-phase motor may crawl at one-third synchronous speed if 
driven backward, due to the backward revolving third harmonic flux 
caused by the distribution of windings. 

6. When G 2/2 p is an integer equal to or close to unity, crawling may 
occur at S/G^ due to the “Gorges” effect. 

7. When the vibrations under A occur at low speeds, the motor crawfs. 

8. When the harmonic flux, due to the distribution of windipg, is lar^e, say*" 
larger than 10 per cent of the fundamental, the motor may crawl. 

C. Smaller irregularities and hooks in the speed- 
torque curve may appear under the following conditions. 

1. When the rotor slots are greater than (Gi -h p) a hook occurs at 
5 (Gi + P)r. p. m. 

2. When the rotor slots are greater than (Gi — p) a hook occurs at 
S/iPi — p) V. p. m. if the motor is driven backward. 

3. When the rotor slots are divisible by the number of poles, a hook occurs^ 
at 5 /G 2 r. p. m. 

4. When the rotor slots are divisible by the number of poles, a hook occurs 
at one-seventh synchronous speed in a three-phase motor and at one-Mth 
synchronous speed in a two-phase motor. In both cases, the hook la 
accompanied by another hook at G/G 2 r. p. m. 

5 . When G 2 - 2 p (1 + k^P) 2 p. where ^P = number of phases," a small 
synchronous locldng (synchronous motor) effect occurs at S i^/kz Ga) 
r. p. m. 

6. Any two-phase motor has a hook at one-third synchronous speed if it is 
driven bacltward. 

7 . When a -vrindlng introduces a harmonic flux larger than. ss,y 8 ffler cent 
of the fundamental, it always produces a h"jok. 
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8. When the vibrations under A occur at higher speeds, proportionally 
smaller hooks occur at those speeds. 

It should be emphasized that these rules are not 
necessarily complete. Those for smaller noises, which 
make the motor useless only for certain applications, 
are not copsidered at all in this article, neither are the 
variations of torque during starting and at very low 
speeds. 


Field Harmonics 

in Induction Motors 


By 

P. H. TRICKEY Wostingliouso Elec. & Mfg. 
Associate A.I.TS.l?. Oo- Springfield, Mass. 


Cusps in the speed-torque curves of 
induction motors have been attributed to several 
causes; first, to harmonics in the rotating field; second, 
to the synchronous locking-in of stator and rotor har¬ 
monics as shown by Dreese; and third, to the effect of 
the slot openings as shown by Kron. The present 
article is devoted exclusively to the study of the first 
cause, and indicates that harmonics in the field form 
do have a very definite effect on the speed-torque curve. 

It may be assumed that each harmonic of the rotating 
m.m.f. causes a proportional rotating flux, and that 
each of these flux harmonics acts in the motor as if it 
were present alone. It then produces a small speed- 
torque curve whose torque is proportional to the funda¬ 
mental torque, and whose speed is l/h times the speed 
of the fundamental for the same slip, where h is the 
order of the harmonic. On this basis, 

Tk^h Kn^ K‘‘ Ti 
’where < 

Th = harmonic torque 

Kh = magnitude of harmonic m.m.f. as a fraction of 
the fundamental 
C = skew factor 

K = distribution factor, dependent on the number of 
rotor bars 

Ti = fundamental torque at the same slip 
As the harmonic torques do nothing but harm, they 
are eliminated or made as small as possible in normal 
desigil. Kh the magnitude of the harmonic m.m.f. 
is reduced by making the revolving field as nearly 

Based upon !ilOusps,in the Speed-Torque Curves of Induction Motors” 
(No. 31-71) presented at the A.I.E.E. North Eastern District meeting, 
Kochee^er, M. Y., April 29-May 2, 1931. 


sinusoidal as possible. C may be reduced to zero for 
any one harmonic by skewing through twice the har¬ 
monic pole pitcU. if is a function of the number ef 
rotor bars, and is based on the fact that most induction 
motor theory is developed assuming an infinite number 
of bars. This brings a distribution factor of 0.637 
into the formulas. With even as few as four bars per 
pole this factor changes little, but for the harmonic 
fields, the number of rotor bars per pole may be one or 
less. With one bar per pole K equals 2.46 and witlv 
one bar for two poles it becomes zero. However, since 
small numbers of rotor bars may bring in dangerous 
synchronous cusps, it is safer to use a large number of 
rotor bars, and when K begins to approach its maximum 
value, control by the skew factor. 

There are three other means of reducing the cusps 
that are not apparent from the equation. First, the 
equation assumes that the flux wave is exactly the 
same as the m.m.f. wave. However, increasing the 
air gap will smooth out the harmonics, as indicated by 
Fig. 2. Second, the slot openings tend to increase 
certain of the harmonies, and therefore the openings 
should be made as small as possible. Third, while 
the magnitude of the harmonic torque is not reduced 
by increasing the rotor resistance, the fundamental 
torque is increased, and the resultant minimum torque 
is much greater. A typical case is shown in Fig. 3. 

In order to study the effect of field harmonics, a 
special motor was built. A 48-slot primary was used 



Figs. 2 and 3. Test curves of effect of increasing 
air gap (left) and secondary resistance (right) 


to give sufficient slots per pole for the special windings, 
and to reduce the effect of slot openings, as the coil 
angle covered two or more slots. The rotor was chosen 
with 60 slots, a multiple of three to eliminate any 
possibility of the synchronous effect, noted by Dreese, 
and of a greater number of slots than the stator to 
reduce “cogging” and to avoid possibility of the unlucky 
combinations that have occurred so many times with 
small numbers of rotor slots. 

Four separate windings were placed in the stator, all 
of different wave forms, and so located that their 
fundamental fluxes coincided exactly. The windings 
were all three-phase, four pole, 60 cycles, and designed 
for the same fundamental fluK. The wave analysis of 
each winding is given in Table I, the meaning of 'the 
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Fi^. 4. Meaning of positive and negative signs of 
m.ni.f. analysis presented in Table I 


positive and negative signs being indicated in Pig. 4. 
The four separate windings were arranged as follows: 

Winding A Two slots per phase per pole, full pitch 
Winding B Two slots per phase per pole, two-thirds pitch 
Winding C Onedot porphase per pole, full pitch 
Winding D One slot per phase per pole, two-thirds pitch 

This motor very dearly illustrates the effect of 
changing the wave form. Figs. 5, 6, 7 and 8 are the 
test curves of windings A, B, C, and D respectively. 
The speed-torque curves for windings A and B shown 
in Figs. 5 and 6 are nearly alike exc^t for a diff^nce 
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Table I—-Magnitude of M.M.F. Wave—Per Cent 
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in reactance due to one winding being deeper in the 
slots. As may be noted, the generator torque of the 
13th harmonic is great enough to cause the resultant 
torque to'’become native and the motor opmites at 
the low speed of the 18th harmonic and will not rise to 
full speed by itself. It will be noted in Fig. 7 for wind¬ 
ing C that the 5th and 11th harmonics cause stable 
operation in opposite direction to the fundamental 
field. 

' It was also possible to secure otha* wave shapes by 
connecting the windings in different series combina¬ 
tions. Figs. 9, 10,‘and 11 further illustrate the effect 
of scich'reco|nbination on the wave form. In these 
cases, certain of the harmonics cancel each other. 
Anothhc method of illustrating the fact that the har¬ 
monic torques are present and are of considerable 
magnitude, is to place two windings in series with 
fundamental waves opposing and harmonic waves 
asdsting. Fig. 12 shows the case of opposing windings 
Can4D. 

An attempt has been made in this artide to bring out 
first, that the harmonics in the field form have a very 
definite effect on the speed-torque curves, and second, 
that the assumption of each harmonic acting separatdy, 
while not rigorously correct, is useful in determining the 
speed at which cusps are likely to occur. 


Skewed Slots 

in Induction Motors 


By 

R. D. BALL English Electric Oo., Ltd. 

Associate A.I.B.B. Bradford. England 


Induction motor slots are usuaUy 

skewed to prevent "cogging” and noise on load, but 
indiscriminate skew irrespective of number of poles, 
especially when this number is large, leads to very 
large reduction of short circuit current and motor 
performance. The reduction of shml; circuit currwit 
fs due not so much to increa^ of leakage reactance as 
to an unbalanced component of mutual flux. 

In the following theory expresaons are given for 
the ratio of short circuit current with skewed dots to 
short circuit current witiiout skew, as a function of 
"dispersion coefficient” r and skew angde. 

For the sake of dmplidfy, the motor is assumed to 

_^Wtitten «pMlally fqf llLaoTfaoxt Sttainaastira. ..//ol pabIMud in 
" pdmphie§iorin^ 
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Fij. 13. Relation between short circuit cunenb, 
"dispersion coefficient" and skew angle 


possess negligible primary and secondary resistance. 
The symbols used are as follows: 

X _ magnetiring current _ 

^ ~ M ~ short circuit current without skew 

(approzimstely) 

X = total leakage reactance 
M » mutual reactance 

ot 

2 sin ^ 

f = skew factor =- 

a 


, , slot pitch skew 

“ toUsIots 


X pole pairs X 


2 T radians 

V « applied voltage 

h = primary current 

Jt = secondary current referred to primary 

short drcuit current with skewed slots 
^ ~ short drcuit current without skewed slots 

If equal primary and secondary leakage reactance 
is assumed, we get the usual transforms equations 

jIx{l + ^}M +3hMf«V ( 1 ) 


/I. (1 +-f-)M 4-y/iM/- 0 
From eq. 2 

hM IJ 

Substituting eq. 3 in eq. 1 we obtain 
/ r \ M 


( 2 ) 

( 3 ) 




Decbhsbr IB31 
















Without skew, a «= 0, hence/ = 1 
Th^efore 

V 


jM 


1 

^ 1 

2 J 

i+-r ] 

V 

jM 
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In the first type of transformer discussed by the 
author the coils in each circuit, or the cores on which 
they are mounted, are parallel to each other or arranged 
in the form of a Y. Undo- such conditions it is practi¬ 
cally impossible to have a mutual flux threading through 
all three coils. In the second type the three coils are 
wound on one core or otherwise arranged on separate 
cores placed so that a path is provided for magnetic 
flux to interlink with the conductors in all three circuits. 
The author sets up equivalent circuits for both types 
of transformers, and for these derives equations which 
into consdderation the various mutual fluxes. To 
demonstrate the applicability of the formulas derived 
one simple tjrpical problem is presented for each type 
of transformer. 



From eq. 6 we can plot the ratio r as a fimction of r 
and /. Curves are given in Fig. 13, which can be used 
as a guide when choosing the skew angle. It wUl be 
noticed that a small error, due to the various assump¬ 
tions made for tiie sake of matliematical sunplimty, 
is introduced for large values of t at a = 860 degrees, 
but skew of this order naturally is never met with in 
practise. 


Remote Reading 

of Watthour Meters 

A scheme is described whereby watthour 
meter readings may be “observed** over 
regular subscribers’ telephone circuits. 


By 

A. S. FITZGERALD Wynnewood 

Meml»«A.I.E.B. Pennsyl^te 


A Study of the 

Three-Circuit Transformer 

Three independent dectrical drcuits 
which are coupled together magnetically maybe repre¬ 
sented by an equivalent circuit developed from funda¬ 
mental equations. In gen^l, these transformers inay 
be divided into two distinct types depending upon the 
relative directions of the mutual fluxes between tiie 
three windings. According to C. F. Estwick, (M'25) 
of the General Railway Signal Company, Rochester, 
N. Y., who discusses tWs type of transformer in a cur¬ 
rent A.I.E.E. paper, any arrangement of three coupled 
drcuits will have the characteristics of either one or 
the other of the two typ^ mentioned. 

Abstn^ted from ’*Tlie Tliree-<Srcult Tnuasformer'' by O. P. Bstwidi. 
(No* 31-69) presented at the A.IJ!.B. North Bastem District meatliig, 
Bocbester, N. Y., April 20-May 2.1931. 


Remote reading of electric 
meters in residences is not feasible by any of the several 
telemetering schemes so far developed on accoifnt of 
the amount and nature of special apparatus regpirec! 
at the meters being read. A scheme worked out in the 
General Electric Laboratory is described here in which 
the bulk of the apparatus is concentrated at the power 
company's premises, a simple electromechanical device 
being the only apparatus installed at the meter itself. 

In this proposal, connection between the power 
compan 3 r's ^'observing" apparatus and the consumer's 
meter is made by means of tdephone lines, the con¬ 
nection being made through the power company's 
connection with the telephone central exchange, thence 
to the consumer's residence over the telephone com¬ 
pany's regular subscriber's circuit. A special mutual 
agreement would have to be reached, of cottee, to 
permit the necessary intercoimection of powlr and 
communication equipment. Any system of remote 

____c-c- 
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A beat-Frequency audio senerator with four tunins dials correspondins to the four dials 
of the wattnour meter is installed at the power company’s office (IcfQ- Attached to the 
meter (risht) is a simple electromechanical vibrating device fitted with four rovvs of ten 
reeds each, one for each digit This unit is actuated by an electrt^agnet which in Uim is 
energized by the audio generator via the telephone line. Each reed resonates at a different 
frequency but all within the frequency range of the generator. To obtain a reading the 
observer signals the telephone central-office operator and gives her the number of the party 
whose meter is to be read. After the connection has been established (without ringing or 
otherwise disturbing the consumer) the observer switches on the audio generator to read 
the ’’thousands’’ dial. As the generator frequency is varied; the reeds of the thousands 
row vibrate into contact with the spindle separately and successively until one is round 
which makes contact with one of the ten segments mounted spirally on the spindle surface. 
This short circuits the electromagnet coil and caus^ a change in the signal to which the 
observer is listening. The position of the tuning dial then indicates directly the position 
of the ’’thousands” pointer. In like manner the readings of the other pointers are ascertained. 
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Fig. 1. General arrangement of 
equipment for **ob$erving** watt- 
hour meter readings over regular 
subscribers* telephone circuits 
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reading quite obviously must justify itself from a cost 
standpoint. Average cost for reading a meter in a 
dty district has been estimated at from 1.5 to 2.0 cents, 
and from 10 to 15 cents in a rural district. On the 
basis of these estimates the maximum justifiable 
investment for remote reading equipment is $4 for 
city and $30 for rural districts. An additional expense 
item would be involved in the use of the telephone 
company’s lines. Also the fact that the plan postulates 
‘tjiali^each consumer is a telephone subscriber must be 
taken into consideration. 

The general arrangement of equipment, together with 
the schdme of operation are indicated in Fig. 1, while 
in Pig. 2 may be seen a standard watthour meter 
rigged up for experimental purposes. Thje four tuning 
dials of the audio generator in the power company’s 
office are arranged so as to indicate directly the posi¬ 
tions of the four meter hands. Thus, after all four 

of the generator have been adjusted to ^^find” the 
positions of their respective meter hands, these tuning 
dials directly represent the watthour meter reading. 

Several difficulties were experienced during the course 
of the experiments. One of the chief of the^ concerned 
ihe vacuum tube audio generator. Most of these 
difficulties were overcome, however, with the instsdla- 
tion of a ffiore Stable and precise unit, and the provision 
“of means for checking its accuracy. Variation in the 

m 



&«quency of response of the reeds due to wearingC of the 
contact tips or temperature differences was found to bo 
Tityligi hle. However, serious difficulties would be 
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experienced in carrying out the scheme where party 
telephone lines are in use, or where machine switching 
exchanges are employed. Additional eqiiipment no 
doubt would be required under these conditions. 

Equipmfflit and circuit arrangmnents described in the 
foregoing are motioned merely as a su^estion of a 
future possibility. Engineering phases of the problem 


have been proved by extensive laboratory experiments 
to be capable of rdatively simple solution, but of course 
the commercial application is quite another" question 
and naturally would hinge principally upon the inter¬ 
company agreements that would be necessary before 
established communication channels could rbe put to 
such use. 


Cable Temperatures 
at Variable Loading 

Accurate methods, long available for calcu¬ 
lating the temperatures in power cables 
during steady loads now can be supple¬ 
mented by methods of calculating cable 
temperatures during fluctuating loads. 
Under favorable circumstances these give 
accuracies within 5 per cent. Further, the 
m thod is simple, and calculations can be 
made readily. 
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Fig. 1. Heat flow constant: cr « kt 
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lAXlMUM USE of the large invest¬ 
ment in power cables can be made only if accurate 
information on the temperatures and loading limits of 
cables dxiring variable loads is available. Although 
there ai^. i^w fairly accurate methods for calculating 
the temp^ture rise when the load is steady, until 
recently no attempt was ndade to obtain even a moder¬ 
ately rigorous solution for the case of variable loading. 

A p^t-by-point method of solution for variable 
loadini^based on the assumption that the temperature 
of the^ conductor rises expenentially with time was 
giyenj jin tiie Journal of the A.LE.E., October 
1930, p; 8^. Thi^, however, is only approxinmtdy 
true and the theory presented bdow tends to show that 
the t^perature cuiwe rises faster at first, and then 
sbwer than the exponential law would allow, for exam¬ 
ple at 1 hr. after the load is applied. 

By the use of Bessel functions, a rigorous solution of 
the probl^ of temperature rise from sh^th surface 

- -_;___ I . _, --!-- 

Bftaed .u]>oa ^'Temperatores.iii BSIcelaric Power Oables TTnder Variable 
<N^ 31-75) presented at the No^ Bastem District 

meetlngp Bochester, N. T.. Aprfi 2,1981. 


to conductor is presented for single-conduetor cables 
and three-conductor cables of shielded type H eonstruc- 
tion. Modifications of the cable constants allow the 
theory to be applied with reasonable accuracy to cables 
of standard belted construction. The heat flow cyde* 
is resolved into harmonics and each harmonic solved 
separately for temperature at the conductor. Then 
the various harmonics of temperature are combined, in 
their proper phase relation to obtain the tmperapiie 
QTcle. For purposes of assigning emergency ratings, a 
solution ma^g use of the Fourim' integral is derived, 
for suddenly applied steady load. 

Solution fob Daily Load Cycjlb 

Derivation of the general equations for temperature 
in a sin^e-conductor cable leads to the following, 
simultaneous equations: 

^ (fliUrT.-Ti) (1) 


<?. qc*ri*Ti 


r.) 


Ste 

2 

Si c 


( 2 -) 


In the solution for three-conduetor cable, eq. 1 
remains the same, and eq. 2 is ^tten aS follow^: 
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(T* - Tz) - (Ti -qiUf Tt) (3) 

wh^ 

T| « vector temperature at surface of conductor 
M vector teQ 2 p^rature at surface of insulation 
T 3 » vector temperature of the air at tiie surface of the sheath 
Oo «■ vector heat flow per conductor, equal to the R loss 
<?x * vector heat flow per conductor at inside surface of the Insulation 
Qi • vector heat flow per conductor at outside surface of the insulation. 

or at outside surface of the iflieath if sheath losses can be Defected as 
^ they are assumed to be in eqs. 2 and 3 

n •• inside radius of the insulation 
rs « outside radius of the insulation 
• j[) ^ di ameter of th e sheath 
Qe * V (a Cc pc Sq 
« - V « Ci Pi Si 

<a •> 2 T «X frequency of vector beat flow 
« spedfle heat of the conductor material 
a m spedfle heat of tho insulation material 
pQ m spedfle gravity of the conductor material 
Pi ^ spedfle ioavity of the insulation material 

The symbols <r, r, and ^ represent complex constants, 
analogous to the general dreuit constants of a trans- 
mii^on line, which depend on the constants and 
configuration of the cable, For ease in computation, 
charts of <r, r and ^ based on Bessel fimctions have 
been prepared and are illustrated in Figs, 1,2, and 3. 

In carrying out any particular calculation, the watt 
loss in the cable is plotted for the load cycle assumed. 
This curve then is analyzed by well-known methods 
for its principal harmonics. The solution for tempera¬ 
ture is obtained for each harmonic of heat flow and 
the results combined in their proper phase relation to 
give the resultant temperature cycle. 

If the cable is installed in a duct and only approximate 
solutions are required, the value of Ta, the temi)erature 
of the air at the surface of the sheath can be assumed 
constant at the maximum value obtained over a 24-hour 
load cycle. Usually when the cable is installed in an 
ordinary duct bank Ta will vary from 20 to 80 per cent 
of the total variation in temperature at the conductor. 
If Ta is considered constant, its value becomes zero in 
bqs,. 2 and 3, merely adding to the steady state com¬ 
ponent of the total temperature at the conductor, 
.wlncht^is computed by well-known methods. Then 
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the value of Ti/Qo will be constant in both phase and 
magnitude for any given cable. Hence, tables of 
Ti/Oo for any gifren cable may be compiled for the* 
principal harmonics. These may be combined^ in their 
proper phase relation to obtain a solution for any load 
cycle. 

On account of the effect of adjacent cables and the 
uncertainty of the constants of the duct bank, the best 
method of obtaining the air temperature at the sheath 
surface is by means of a maximum-reading thermometer 
surrounded by a thin shield of heat insulating material. 
It is generally conceded that the temperature in the duct 
outside the lead sheath is nearly the same throughout 
the space between the sheath and the duct and can be 
considered so in the solution for steady heat flow. 
Since the air has a very low thermal capacity, its tem¬ 
perature will follow the variations in the lead sheath 
very closely in phase. Hence, if the maximum value 
of this air temperature throughout the load cycle 
considered can be obtained, it may be added directly 
to the maximum temperature rise between this air and 
the conductor to obtain the total rise. The error 
caused by these temperature components being out of 
phase will be small, since the total variation in the air 
temperature is only about one-quarter of the total. 

Solution for a Steady Load Suddenly Applied 


The solution for a steady load suddenly applied is as 
follows: 

To - ■ ^ r 5r sin 0 ) i d w. (4) 

TT CO 

o 

where 


T. 






m the temperature of the conductor at any time / after the steady load Is 
applied 

a the real part of the expression 
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Fig. 3. Heat flow contiaitt: ^ = i*' ft, — ft,' 
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V^«C6 

y (approrfmately) 

1 } * 2 iC for a edngle-conductor cable in still air 
^ • 6 iC for a tbree-conductor cable in still air 

The egression 
—— Sr sin CO ^ d CO 

CO 

is much too complicated to integrate by formal means, 
but it may be int^ated readily by graphical methods, 
as with a planimeter. The value of the function is 
plotted for different values of t and integrated with 
respect to w. Integrating from 0 to <» offers no dif¬ 
ficulty here since the function converges rapidly as 
the value of o) is in<aeased. 

Standard Belteo) Cable 

The equation for obtaining the steady state tempera¬ 
ture rise of the conductor above the outmde surface of 
the insulation has been given by R. W. Atkinson 
(Cable Geometry and Calculation of Current Canying 
Capacity, A.I,E.E, Trans., Vol. XLII, 1923, p. 600) and 
by D. M. Simmons (Calculation of Electrical Ifrob- 
lems of Transmisaon by Underground Cables, Electric 
Journal, August 1925, p. 366). This equation is as 
follows: 

- T.) - -2^ (5) 

where G is the geometric factor. 

For the shielded cable, the geometric factor is given 
by D. M. Simmons (Calculation of Current Capacity 
of Type H Cable, Electric Journal, Feb. 1926, p. 69) as 
follows: 



For the cable imder consideration, obtain values of 
G from the curves given in the first of the two articles 
by Simmons just referred to, and solve for an equiva¬ 
lent Si. In average cables this equivalent St is about 
double the true value for the insulation under considera¬ 
tion. This value of Si may be used in eqs. 1 and 3, to 
obtain an approxiinate solution which it has been fotmd 
gives the r^ult within 5 or 10 per cent of the true values 
as far as the variable component of temperature is 
concerned. The rigorous solution for standard cable 
which would involve much mqre labor would have no 
value as long as the cable constants cannot be ob¬ 
tained with any greater accuracy. 

Probable Magnitdde of Errors 

The change in resistance and dielectric loss with 
change of temperatiire for ordinary load <^des will not 
be over 5 or 6 per c^t. If it is desired to take this 
into Recount a correction may be applied to the watt 
lop curve corresponding.to the estimated tmni>erature 
at' that time, The value of temperature, rise to be 

946 


assumed in making this correction can be taken as half 
the ultimate tmnp«eture rise produced by the average 
watt loss over an hourly period. This is based on the , 
fact that in av^ge cables the temperature 9,t the con¬ 
ductor reaches about half its ultimate temperature 
within an hour after a steady load is applied^ The error 
introduced by change in resistance will be less than 0.6 
per cent if this correction is made. 

For sector conductors, the heat flow will be more 
concentrated around the regions of smaller radius but 
the error in neglecting the effect of sector shape will 
not be over 1 or 2 per cent. ' , , 

Large conductors show considerable pioximity'effect 
when three conductors are concentrate in the small 
area inside the cable sheath. When three-pbase cur¬ 
rent is flowing the current tends to crowd to the inside 
of the cable sheath. However, under the assumed 
condition of uniform current distribution the total 
variation in temperature through the conductor is 
only 1 deg. for or^nary load cydes. The smallness of 
this variation is due to the high heat conductivity of 
the copper. Hence, if the proper equivalent a-c. 
retistance is used for the cable in question, the error in 
temperature due to uns 3 nnmetrical currrait distribution 
will not be over 1 pe* cent. Of course this assumes that 
all the losses, excluding dielectric losses, are in the 
conductor. There are undoubtedly some losses in the 
sheath even in three-conductor cables, espedally where 
large conductors are dose to the sheath as they are in 
shielded cables. Not knowing definitely where all these 
losses are located, the conservative method would be to 
assume thmn all in the conductor. 

N^lecting the temperature drop in the copper foil 
around the conductors in shidded cables introduces 
about 8 to 9 per cent error in the steady state solution. 
A similar aror will be introduced in the solution for 
variable load. This ^ror will be minimized in the 
total temp^ture rise if the steady state componeut 
of the temperature cycle is compute taking this drop 
in the foil into account as in^cated in the second'' 
article by Simmons, previously referred to. Neglect¬ 
ing the heat storage in the lead sheath partially .cojnc 
pmates for this error. 

The over-all aror in the method is thus not ova* § 
p«r cent and is probably much less if the watt loss curve 
is corrected for temperature. It is doubtful if tiie value 
of the insulation heat conductivity is known within 
5 per cent plus or minus, so that it is useless to expend 
tile labor necessary in obtmning greater refinement. 

By means of computations based on this theory the 
temperature curve for any cable and load cyde may be 
calculated readily without excessive labor and with 
accurades well, within the accuracy of the cable con¬ 
stants. The effects of day-to-day changes in load cyde 
die out in a few hours so the theory can be applied to 
any day of tiie week with littie effect from the previous 
day’s cyde. Short-time overload ratings of any dura¬ 
tion noay be added to any initial loading witb confidence 
that the calculated tempmiture rise will notbe exceeded.' 
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Progress is the Way 
Out of Depression 

Intelligent self-interest, individually applied 
with sincerity of purpose toward the solution 
of every-day problems, is recommended as 
the. most efficacious way out of present 
economic troubles. This is the fifth article 
of'The Engineering Foundation's symposium 
"Has Man . Benefited by Engineering 
Progress?" 

By 

ARTHUR W. BERESFORD Secy NaU Blec. 

Mfrs. Association 


T"HE CURRENT economic depression 
cannot be ascribed to any single cause, nor will a 
panacea be found in righting any single wrong. More¬ 
over, there is little of value at the moment in attempting 
to isolate and correct the major causes. They will 
emerge gradually from the present chaos as time pro¬ 
vides a perspective; their evaluation will furnish the 
basis for long-time planning which should operate 
against recurrence. But this long-time planning, 
valuable as it would be, cannot be done now. The 
problem is too vast, the factors too many, and their 
inter-relations too complicated^ to be grasped and 
ordered by the human mind. So, in place of the co- 
..ordinated effort which would be the outcome of a master 
plan, .we must use what we have. 

What have we? We have millions of men and women, 
^chtme ofVhom comprehends clearly some small part 
of the whole. If each of them spends each day in doing 
his individual best toward moving in the direction each 
knows to be right those things that each one under¬ 
stands, there is no fear of the outcome. There may be a 
wastage which would be absent in a master plan, but 
the whole will move forward surely and before a master 
plan, however imperfect, could be evolved. 

* This is an old and simple doctrine. Anyone can 
think it, and unfortunately it carries none of the exalta¬ 
tion that comes from the spectacular. But it is sound 
doctrine, and in the measure in which it is practised will 
be found the rate at which we will progress. 

Human progress is not the result of the effort of the 
outstanding few, be they statesmen, industrialists, 
scientists, engineers, or inventors. It is the cumulative 
.effect of the daily '“effort of the millions. The leaders 
but gfiide or accelerate^ it. The summation of the 


thousands of millions of small things is greater than the 
greatest large thing that the human mind can grasp. 
The combined e&rt of millions of average human** 
beings will outweigh the most daring conceptiem of the 
greatest vision the world ever has known. And these 
millions will put forth that effort, not as a result of 
ordered consideration, nor even by reason of instinctive 
realization, and least of all from any altruistic motive, 
but purely and wholly from self-interest. The effi¬ 
ciency of the process will lie in the degree in which 
that self-interest is intelligent; the hope of efficiency 
rises from the fact that there is growing comprehension 
that self-interest must be intelligent. 

The average manufacturer perceives today that his 
interest and that of his workmen is a common one. He 
does not prosper if they do not. This long has been the 
conviction of the few, but it required the current 
condition to bring this realization home to the many. 
And again will be demonstrated the workings of this 
simple doctrine of mass effect. Eighteen months have 
increased the quantity of understanding more than the 
preceding eighteen years. Further, there has been 
made manifest the need for balance in the economic 
forces which make up our involved civilization. A 
force is constructive or destructive in the degree that 
it is or is not controlled. Production, whether of food¬ 
stuffs, of raw materials, or of finished goods, is con¬ 
structive if balanced against consumption. It is 
destructive if unbalanced and guided only by unintelli¬ 
gent and immediate self-interest. Surely the pa^ 
months have brought to the many a realization of this 
simple fact. From this realization there will as surely 
follow provision for assuring that balance. 

The means are not yet clear, and a period of trial 
and error is to be expected before an approximate 
solution is found. However, the mere fact that stabili¬ 
zation of employment is economically dependent on 
controlled production, and consumption dependent on 
stabilized employment, will unite all elements in a 
common demand for that solution. This would not 
have been possible five years ago; but the thinking 
forced on the many in the past two years has brought 
an understanding of fundamentals which makes it not 
merely possible, but certain, and for the near future. 

The present conditions are difficult to contemplate 
with mental serenity and undisturbed confidence, but 
they carry more of ultimate value than the prosperous 
years that preceded them. The growth of under¬ 
standing by the many will form the foundation for a 
new and greater progress, for a civilization such as the 
world has not yet known. In this progress the engineer 
and the engineering method of basing procedure on 
determined fact will have a major part. The saying 
that ''through adversity we progress'’ ag^ will 
demonstrate its truth. 

. - - 
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Extinguishing the 
Short A-C Arc 

^^HORT arcs are employed in all 
circuit intemipters operating in a-e. circuits of less 
than 150 volts, and also are made use of in the deion 
air circuit breaker, where many short arcs are placed 
in series for operation at high voltages. Of equal 
importance is the behavior of an arc dining a short 
circuit in low-voltage a-c. cables. The low-voltage 
network which is finding such great popularity as a 
system of distribution in metropolitan areas is depen¬ 
dent upon the capacity which it enjoys for self-clearing 
of faults without intetrupfion of the power supply. 
This system insvires that at any point of fault thae 
will be .sufHcioit current to melt apart any contacting 
metallic conductors and start an are, and the low volt¬ 
age which has been used on most networks insures 
that the arc will be extinguished quickly at a normal 
zero of current. 

The first article, that by Attwood, Dow and Kraus- 
nick, presents in considerable detail the results of a 
very comprehensive group of tests on the reignition 
of a-c. arcs in air for different rates of build-up of the 
circuit voltage across the arc space. Throughout 
their tests the arc was produced by a current of 26 
amperes at 660 volts, 60 cycles between flat copper 
electrodes placed ^ in. apart in air. Although a strict 
interpretation of their results must be confined to 
low-current arcs, the very large numb^ of oscillograms 
which they carefully have taken, studied and piesented, 
throw considerable light on exactly what happens 
during the extremely short period when the arc current 
is at zero. 

The second article, by Browne, presmits the results 
of a group of -experiments on the more common types 
of stationary arcs with molten electrodes, for the 
purpose of determining the influence upon the arc 
characteristics of such parametors as electrode material, 
current strength, and length of arc. The third article, 
by Slepian and Strom, is concerned principaUy rrith 
the effect which cable insulation has on the extinguish¬ 
ing of faults in low-voltage a-c. networks, due to the 
deionizing action of gas blasts formed by the decompos- 
ing insulation. 

The fundamental theory upon which all three of these 
papera are based is identical. The continuance of the 
a-e. arc-is believed to depend upon repeated reignition 
for each new half cycle after a current zero. The 
extinction of the arc hsfe been shown to depend upon 
the outcome of ^'a kind of race” between two oppo^g 
processes taking place within a very short penod after 
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Three articles are presented herewith, fol¬ 
lowing a common introduction, all on the 
same general subject, namely, the extinction 
of the short a-c. arc at low voltages in air. 

The importance of this subject k emphasized 
by the increasing use of the low-voltag.c 
a-c. distribution network and of a Variety of 
equipments for interrupting circuits in air;- 

the current reaches zero. The first is the building up 
of voltage across the arc space tending to cause the 
arc to reignite, and the second is the diminishing of the 
conductivity of the arc space, or the increasing, of its 
dielectric strength, tmding to prevent the arc from 
restarting. The fhst depends upon circuit constants 
and upon circuit conditions existing at the current zero, 
and so theoretically can be calculated according to 
wefl-known principles, although this may be rather 
difficult if the circuit is not sufficiaitly simple. The 
second process, and the one with which these articles 
are most concerned, depends upon the characteristics 
of the arc itself. These are exceedingly complex and 
as yet undCTstood to only a very limited extent. This 
building up of dielectric strength depends upon con¬ 
ditions internal to the arc space, such as the nature and 
geometric arrangement of dectrodes, the nature of the 
gas, presence of magnetic fields, and gas blasts. 

According to the modem theory of conduction in 
gases, the rapid recovery of dielectric strength by an 
arc space immediatdy following a current zero must 
be due to the disappearance of the ions which are 
required for the conduction of the arc current. lon^ 
di^ppear from the arc space by direct recombination in 
the arc space itself; discharge to the electrodes; r^ 
combination on surrounding walls or in isurroimding * 
coola* gases; recombination in cooler gases mixed 
turbulently into the arc space by gas blasts; and former 
tion of an almost completely deionized layer adjacent 
to the cathode by the action of the ions of the growing 
impressed electric field. In short arcs, disdiarge to 
the electrodes appears to be most important, and in 
longer arcs, recombination on surrounding walls and 
gases. The importance of the gas blast in practical 
.devices only recently has begun to be appreciated. 

Although the theory upon which all three of these 
articles are based is id^tical, the terminology varies 
somewhat. Figs. 2 and 8 of the first article an^ Fig. 6 
and 12 of the other two artides, all represent the 
increasing dielectric strength, of the arc space ai a 
function of time. This increasing dielectric strength 
is referred to by Attwood, Dow aild ,^jausnick as the, 
“tdgnition-time locus,” whffp Browne does nOt coin 
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any special phrase to designate it. Slepian and Strom 
refer to this quality as the “arc reignition character¬ 
istic.” TJie latter also refer to the tendency of the 
circuit to build up voltage across the arc space as the 
“circuit rdgnition characteristic.'’ 

The conSlusions presented by these authors r^^d- 
ing the factors aiding arc extinction are most interesting, 
and in some cases striking. In general, they are in 
agreement, although the first two articles differ some- 
'what on the effect which length of arc has on the 
recovery of dielectric strength by the arc space; and 
the article also indicates that the “reignition-time 
locus” should be represented as an area rather than 
as a cvirve. Whether or not these apparent disaepan- 
cies result from the fact that the first article considers 
arcs of relatively low current values, 25 amperes, while 
the second reaches into ciurents of a few thousand 
amperes, may possibly be explained by the further tests 
on short arcs which doubtless will be made in different 
laboratories. 


I—Oscillograph Tests 
on Low-Current Arcs 


By 

S. S. ATTWOOD University of Milligan 

Member A. I.®. B. Ann Arbor. MJeh. 


W. C. DOW 

Associate A. I. E. E. 


University of Michigan 
Ann Arbor, Micb. 


W. KRAUSNia Ohio Northern University 
Member A. I. B. B. Ada. Ohio 


Reignition of a-c. arcs being 

dependent ui)on the arc-voltage relations during cur- 
3*tot zero, a study based on some 200 cathode-ray 
oadllograms has been made of the voltage and current 
relationships near the cyclic current zero in arcs be¬ 
tween metallic electrodes. 

For experimental purposes a 26-ampere 660-volt 
60-cycle arc between flat -coppet electrodes spaced % 
in* apart in air was utilized. The circuit used (see 
Pig. 1) consisted of a transformer of voltage con¬ 
nected to the arc through a reactor L, with its small 
(but not negligible) distributed capacity Cf The' 
voltagp Ca of necessity was measured by a cathod^ray 
oscillograph because of the extremely rapid variations. 
Time relations existing between the supply voltage e*, 
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the arc voltage ««, and the arc current are shown 
also in Pig. 1. During approximatdy 96 per cait of 
half cycle flie arc current is a sine wave laggii% 
practically 90 deg. behind the supply voltqge, while 
the arc voltage remains constant. It is upon the 
remaining 5 per cent of the half cycle that the major 
part of this investigation has been concentrated. 

Eventually the arc current reduces sinusoidally to a 
small value 1 1 (order of 0.1 ampae) at which value it 
suddenly fails, falling sharply to zm>, where it remams* 
until the arc again is made with curr^it in the opporite 
sense. During this short period the supply voltage is 
practically constant (c, = ^. 

The current 4 in the inductance cannot cease flowing 
instantaneously and therefore surges into the distrib¬ 
uted capacity. During the period of current tssco 
(from 0 to (i) the voltage €« may be computed by the 
usual circuit equations, which are shown ^so in Fig. 1. 
In the circuit used, L was 0.066 henry and Cl was 
440 /u /t f.; with these values a cosine voltage having a 
frequency of 29,400 cycles per sec. is set up across the 
arc terminals. 

At time <i when the electrode voltage has reached 
a value of perhaps 400 volts in the positive direction, 
the arc space breaks down and the voltage drops 
rapidly to the glow value of 350 volts, remaining con¬ 
stant for a period varying from an extremely brief 
interval to several hundred microseconds. During the 
glow period (ti to h) the arc current rises slowly. At 
time when the current through the inductance has 
risen to a value sufiicient to maintain an arc, the dec- 
trode voltage drops sharply from the 360-volt g^ow 
value to approximately 100 volts for the arc proper; 
tiie arc current then resumes its sinusoidal character. 
Particular attention is called to the negative dip in the 
electrode voltage. This dip is due entirely to failure 
of the arc current at some definite value prior to the 
time when it would become zero had it continued along 


'^-«Q+L-^-ea+ 

Cfl* E - Emcos(u}t+0) 
( 1 ) 


E, 



Fig. 1. Currcnt-voltage-time relations for the 
unshunted a-c. arc. At the upper left may be seen 
a sch matic diagram of the test set-up 




its tinusoidal variation. 
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Fis. 2. Effects o( resistance (above) and capacity 
(below) upon arc rei^nition time 
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Fis- 3. Actual measui^ements d reignition voltage¬ 
time relations for various arc shunt resistances 


If the arc electrodes are resistance-shunted, the circuit 
equations show that during the zero-current period, the 
rise of voltage across the electrodes will be slowed down 
materially. With more time available for deionization 
the electrode voltage mtist rise to a higher value in 
order to break down the arc region. The effect of 
varying this shunt resistance may be seen in Fig. 2. 


The line drawn through the breakdown values may be 
called the reignitiorirtime loeiis* This locus shows the 
rapidity with which the deionization process in the arc - 
space proceeds during the zero-current period. 

For an arc shunted by resistance greater than the 
critical resistance, the electrode voltage may be com¬ 
puted from equation (1), which represents a damped 
sine wave. 

_^ P 

ea--E-e 

1 / 1 


where w - - 

For values of resistance less than the critical amount, 

1 p 

ea = E-e ^^^'■‘\_{E-Ei)coshfit 


where 


+ 


— fi + 


E — El 
2R 






1 

AR^Ci? 


1 

LCl 


( 2 ) 


For still smaller values of resistance equation (2) 
reduces to the simpler form of equation (3) 

e^ = E-e~^lE-(Ei + hR)] (3) 


For resistance shunts greater than the critical .value 
it may be noted that the arc-voltage rise takes tibe 
form of a damped dne wave. For resistances stnallef 
than the critical value, the voltage-rise curve is a 
hyperbolic function of the circuit constants ^d time, 
and is asymptotic to the line voltage E. Tlie critical 
resistance proved to be 6,125 ohms for the drcuit con¬ 
stants used in this study. 

Equations shown in Fig. 1 apply also to the voltage 
and current relations in a capacity shunted arc if the 
shunt capadty C is used in place of the now n^gible 
distribute capacity Ol. Inasmuch as C is usually 
much greater than Cl the cosine curves of electrode 
voltage rise are much slower than in the non-shunted 
arc. This point is illustrated in the lower part of Fig. 2. 

In Fig. 3 are plotted the actual rtignition voltage¬ 
time i>olnts as obtained ib’om oscillograms for a number 
of different resistance shunts across the arc. The 
dashed curves indicate the voltage''rise ^'across the 
electrodes. Particularly worthy of note is tiiatireigni-' 


950 


ELBCTBICilL;. EKCINEBBING 








tiou may occur anywhere along the voltage-rise curve 
between the limits set by the upper and lower parts of 
the envelope. There is no sin^e value of voltage at 
which Kftgnition takes place, but a general upward 
trend with time is shown by the rtignition envelope. 

A set of tests using capadty shimts led to the develop¬ 
ment of an'envelope which is identical with the envelope 
shown for the reastance shunts. 

Significance of the three r^ons into which the 
envelope divides Fig. 3 is perhaps most clearly ex¬ 
plained as follows: when the rising dectrode voltage is 
bdow the lower branch of the envelope, rdgnition 
cani^otitake place; inside the envelope region reignition 
may take place, but it invariably occurs by the time the 
uppeT’envelope is reached. For a low-reastance shimt 
such a^ the 600-ohm case shown in Fig. 3 the electrode 
voltage may rise to the line voltage without reignition 
fairing place. This has ^n obsawed frequently. 

By Hiring another method, Slepian (Extinction of a 
Long A-C. Are, A. I. E. E. Teans., Vol. 49, p. 421) 
obtisined previously a reignition locus which is drawn 
on Fig. 3 for the sake of comparison. It is believed 
that his curve would coincide with the lower branch 
of the envelope if test conditions were identical. 

Efforts to locate the cause of the variability of 
restriMng voltage so far have been fruitless; it may be 
due, however, to the presence of impurities in the 
surfaces of the electrodes over which the arc moves, 
though ever so slowly. 

In Fig. 4 are shown four cathode-ray osdllograms of 
the dectrode voltage during the current zero period, 
each oscillogram showing a numb® of curves taken at 
least 20 cydes apart. These illustrate the changes 
occurring when the arc. shunt .resistance is varied. 
With a 10,000-ohm shunt ,the’cosine voltage wave is 
much in evidence; with redstances below the critical 
value (6,126 ohms) the hyperbolic curve may be 
observed. . The 1,200-ohm case shows a rapidly lidng 
voltage with rdgnition occurring at a practically con¬ 
stant value, whweas in the 4,000-ohm ca^ the voltage 
rise* is much slow® with a dedded variability in the 
rdgnition values. With 0.1-jtt f. shunt a cosine volt^ 
rise'lmay be seen with a somewhat variable rdgnition 
voltage. The “saw-tooth” voltage peculiar to a 
capsunty shunted sue is caused by the alternate charge 
and discharge of the shunting condenser, and hence- 
occurs only with rdativdy large values of shunt 
capacity. 

In the 10,000-ohm case it may be noted that two 
types of negative dip may occur. A peaked ne^tive 
dip indicates that the are current failed at a slightly 
larg® value than for the curved native dip; the nega¬ 
tive voltage then rose to a value sufficient to cause 
glowing before the resd current z®o p®iod was reached. 

Application of this materisd to the sictioii of a circuit 
t)reak® as it opens, drawing long® and long® arcs 
for esich succeeding hsdf cycle, is illustrated in Rg. 6. 
Three elsctrode-yoltsge curves md three expected re- 
.igni^onjocisupplptt^for three stuccessive half ^cles. 
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Fig. 4. Arc-voltage oscillograms with different 
arc shunts. (Gitical resistance, 6,125 ohms) 



Fig. 5. Expected 
reignition voltage¬ 
time relations for 
capacity arc shunts 
with increasing elec¬ 
trode spacing, simu¬ 
lating the arc con¬ 
ditions which exist 
when a circuit 
breaker opens 


Beca nfWi the electrode voltage increases with increasing 
arc length, cauring any given value of recovery volt¬ 
age to occur at long® periods of time from the instant 
of arc failure, curves of this voltage start at different 
negative values. 

The beginning i>oints of the arc reigmtion curves are 
drawn high® for eacb succeeding half cycle because the 
great® electrode spacing should require a somewhat 
great® short-time value of breakdown voltage. The 
slopes of the arc rdgnition curves are made steep® for 
eadx succeeding half cycle because ddonization diould 
be expected to take place more rapidly with long than 
with short ®cs. The crossing of curves 1, and dK^n of 
curves 2, indicates successive hsdf-cycle reigmtions 
where tiie two curves meet. The fact that curves 3 do 
not intersect indicates that deionization has taken 
place with such rapidity tl^t the volt^e-risa curve 
nev® will meet the rdgnitiqp curve and consequently, 
reignition no long® will take place. 
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•It is thonghf that loads on a line located near a 
circuit breaker which opens will operate upon the 
breaker in much the same manner a* the shunt resis- 
^ces discussed previously, tending to cause a delay 
in the riib of electrode voltage toward reignition, with a 
consequent lessening of the expected severity of circuit- 
breaker duty. It should be emphasized, however, 
that Fig. 5 illustrates qualitative action only. Care 
should be taken not to generalize too far into high- 
voltage or large current situations from the results 
here described. 


II—Various Factors 

Aid Extinction of Arcs 


By 

T. E. BROWNE, JR. Westinghouse Blec. ic Mfg. 

Oom Sast Plttaburglii ^ 


Experiments to determine the 
influence of such parameters as electrode material, 
current strength, and arc length on the characteristics 
of rile more common type of stationary arcs with 
molten electrodes, have given results not previously 
expected. Simplified calculations made by Slepian a 
few years ago based on the theory that ions are lost 
from the arc space only by direct ion recombination, 
predicted a manner of recovery of dielectric strength 
substantially the same as that actually revealed by 
experiments made on cold electrode arcs at about the 
same time. The rate of recovery of voltage ao'ose the 
arc space following a current zero was controlled by 
shunting the arc with reristance, and the maximum 
allowable rate of rise of voltage was determined from 
the . maximum value of shunting resistance at which 
the arc would just be extinguish^ after one-half qrcle. 

In general, the experimmits recentiy completed show 
that the maimer of dielectric recovery following a 
current zero of short, stationary a-c. arcs with molten 
electrodes conforms to the predictions of Slepian's 
theory and is similar to tiie recovery of rapidly moving 
cold ^ectrode aics previously investigated. That is, 
for decfrodes whose boiling temperatures are bdow 
the temi>^ture required for appreciable thermionic 
emission, the ability to withstand 100 volts or more was 
recovered witiiin; a few ^microseconds after a current 

FEbm- “Extinction' of Sbort A*&. Arcs,*' (No. 31-90) presented at tbe 
A^i:B-E. stimmer conyention, AsbevUle, N. O.* June 22-20,1981. 
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zero, and forth^ dielectric strength was r^ained at a 
very much lower rate. This is shown by the curves 
of Fig. 6. 

As predicted, the initial very rapidly 'recovered 
dielectric stren^ was found to depend solely on the 
electrode mat^al and gas medium, and npt at all on 
any other conditions within the limits investigated. 
The furtha* more dowly recov^ed didectric strength 
did not, however, prove to be indepaident of such 
conditions as arc length and current magnitude, as. 
Slepian’s approximate theory predicts that it should. 
This simply indicates that factor^ neglected in the 
amplified theory, such as diffusion of ions'tc the 
electrodes and to the surrounding air," the electric 
Add, and temperature variations, are not ^tually 
n^ligible. 


Effect of Arc Length 

The effect of length of the arc on recovered didwtric 
strength was found to depend on the electrode material 
used. In the first series of tests made with brass elec¬ 
trodes, the effect of arc length was very striking and at 
first sight seemed paradoxical. As ^own in Fig. 6, 
the didectric recovery of a 0.158-cm. arc was con¬ 
siderably more rapid thah tbe recovery of an arc of 
twice that leagth under otherwise similar conditions, 
indicating that the shorter a^ is eader to extinguish 
than the longer. This effect is shown in a still more 
striking manner by plotting the initial dopes of oitical 
applied voltage curves, like those shown dotted in Fig. 6, 
against arc length. This has been done in' Fig. 7 for 
extinction at 480 volts, and shows that the effect 
extends up to five cm. or more, but is most pronounced 
at Imigths of less than one cm. A similar»but still 
more pronounced effect was observed witb metals 
of lower boiling point than that of brass. With elec¬ 
trodes of the higher boiling metals, however, such as 
copper, iron, and tungsten, the effect was very much 
less and reversed its direction at the diorter lengths.' 
This is illustrated by Fig. 8, which is the curve of Fig. 7 
for brass, redrawn to a different scale and compared^withr - 
similar curves for rnCTcury, zinc, copper, iron, and 
tungsten-electrode arcs. The curves for copper an<^ 



Fig. 6. Rate f recovery of dielectric sbeiigth f 
arc «pac imm diately f II wing a ’'current, zero 
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iron atre seen to coincide practically with that for brass 
near five mm. and above and to eadiibit the same fallit^ 
characteristic above about four mm.; but below this 
length, instead of rising rapidly with diminishing Iwigth 
as with the lower boiling metsds, they fall off again; the 
curve for iron rapidly approaching zero and the curve 
for copper falling and then apparently tending again to 
turn upward at the shortest tenths investigated. 
Wth the very refractory metal tungsten, the curve is 
much lower even than with copper and iron, but still 
appears to reach a maximum at some arc length less 
fhan one cm. and to fall off with increaang length 
^bove that. 

Effect of Elbctbodb Material 

As already shown, the behavior of a short a-c. arc 
depends very largely on the material of the electrodes. 
Fig. 9 shows the results of a series of experiments on 
SOO-ampere, 60-eycle, 450-volt arcs, 0.079-<^., 0.158- 
cm., and 0.316-cm. long, uang various met^c dements 
as electrodes. The critical initial rate of rise of voltage 
as measured by the critical shunting reastance for ^ 
extinction is plotted in each case against the boiling 
point of the elemait. The interesting and surpriting 
feature of this graph is the d^nite tendency for the 
points at each arc length to fall’on intersecting straight 
iiTiAs. This approximately linear manner of variation 
with boiling point applies to all the met^ for which 
results ware obtained except mercury, which ^ vdues 
at about twice those required to fit the straight lines, 
and magneaum, aluminum, manganese, molybdenum. 


Fig. 8. EfFcd of 
ledrode separation 
on are charact ris^o 





Fig. 7. Initial slopes of critical applied voltage 
curves for extinction at 450 volts 


and tungsten (not shown), which eithar form stable 
refractory oxides or themselves boil at lugh enough 
temperatures for copious thermionic emistion, thus 
prevqpting the immediate recovery of dielectric strength 
which characterizes the non-refiractory metal arcs. 

‘ The performance of aluminum, coppar, and br^ 
.electrode arcs is shown comparatively in Fig. 10, in the 
form of curvesV*«‘<^<»l ^ 


Fig. 9. Effect of boiling point of electrode 
material on arc characteristics 


lished voltage plotted against the effective circuit volt¬ 
age at which the values were obtained, other conditions 
^:^gTi voltage remaining the same. Remembering that 
the ordinates of any one of these curves nmy be con- 
ridered as a measure of the speed with which the are 
space regains the ability to withstand voltages equal to 
the marima of sine waves having the effective values 
given by the absdssas, it may be seen that 0.158-cm. 
arcs with aluminum dectrodes require a very much 
longar to recover ability to withstand a given volt¬ 
age than do arcs of similar length between copper 
electrodes, and that 0.168-cm. copper-electrode arcs in 
turn recover dielectric straigth very much more slowly 
than do 0.168-an. brass-electrode arcs, oihec conditions 
bting equal. The rapid rise of all of these curves at the 
lower voltages is attributed to the approach of the 
maximum voltage v^ues to the minimum diel^tric 
strtog& of the cathode-space charge shea^, which is 
recovered in practically zdto time. This initially- 
recovered dielectric strength Is approximately 160 -^plts 
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(maximum) for J}oth copper and aluminum arcs, but is 
niarly 230 volts for brass-electrode arcs. Because of 
the scale used, tiie upper portions of the curves for 
eopp^ and brass are not shown in this figure. 

Effect op Current Magnitude 

The simplified theory already referred to, predicted 
that the dielectric recovery of a short arc space should 
‘also be independent of ma^itude of the arc current, 
but this prediction depended on the assumption that 
ionic diffuaon to the surrounding air is negligible, which 
can be true only if the diameter of the arc is large in 
proportion to its l^gth. Even for arcs only 0.168 cm. 
long, this condition is approached only at currents of 
more than a thousand amperes or so; therefore inde¬ 
pendence of current magnitude may be expected only 
with currents of this ordo*. Fig. 11 shows this to be the 
case for a 0.168-cm. copper arc at 450 volts; ciurent 
variations produce little diange in the rate of dielectric 
recovery above 1,500 amperes, but below this value, 
decreasing the current causes a rapid increase in i^teed 
of dielectric recovery. Below about 150 ampOTes, the 
behavior of the arc becomes increaangly erratic so 
that definitely consistent values of a critical initial 
d e/d t were very difficult or quite impossible to deter- 
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Fig, 10. Effect of circuit voltage on «rc characteristics 


mine. Teste made by F. C. Todd with the cathode-ray 
oscilloscope diow that the restrilring voltage of continu¬ 
ally restriking arcs is'extremely variable when the 
current is as low as 90 amperes. 

Afpucation to Engineering Practise 

In view of the results herein presented, some sug¬ 
gestions may bd made witii r^;ard to the construction 
of lo^-voltage circuit intenfupting apparatus, wfim-e 
extinction Of low-voltage'arcs resulting from faults 
is importsht. BigCRitee of the marked superiority in 
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short arcs of brass dectrodes over coppar or aluminum 
electrodes with regard to speed of recovery of dielectric 
strength at current zero, it would seem advisable to 
use brass for the contact-breaking parte of lew-voltage 
switches working near their limit. 

The suggestions in r^^ard to the use of brass, copper 
and aluminum may apply with even more'force whai 
considering a mataial for conductors in secondary 
distribution networks than th^ do to switch construc¬ 
tion. Thus it is suggested that the permissible operate 
ing voltage of such networks might be raised if brass 
conductors were used. These results, however, must 
be interpreted with caution when applying them, to h 
problem having such varied practice aspects. Where 
the conductor material would also act as the electfode 
in case of a fault, it should be noted in Fig. 8 that the 
difference in favor of brass over copper applies only 
when the length of the arc is less than 5 mm. Conse- 
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Fig. 11. Effect of current magnitude on arc characteristics 
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quently, if the arc woiJd usually be longer than this, 
brass would probably be no more effective than copper 
or aluminum in aiding its extinction. 

It may be noticed, also, that th^ is a discrepancy 
between practical experiaice with faults in secondary,, 
networks and the results givmi here, in that faulk 
commonly are cleared on networks as high as 230 volte 
r, m. s. whereas in the laboratory, high-c\irrent copper-^ 
electrode arcs 0.158 cm. long could be easily mainteuned 
at as low as 113 volts. This may be due to less severe 
circuit conditions in the case of the practical network, 
caused by a fairly high power factor on short circuit 
and the presence of distributed capacitance of the 
cables and of shimting resistance in the form of con-* 
nected lighting load, all of which tend to decrease the 
rate of recovery of voltage across the arc space at a 
current zero and so allow time for deionization of the 
arc and recoveiy of dielectric strength. Probably of 
more importance, however, is the deionizing action of 
gases resulting from burning of the cable insulation, the 
action of which is similm to that of ga8es,.from the 
decomposing oil in an oil circuit bre^^. 

Electrical Enginbe^Iing 





Ill—Insulation Material Aids 
Extinction of Cable Arcs 


By 

J. SLEPIAN 

Fellow A.I.E.E. 

A. P. STROM Both of the Westinghouse Elec. 

Associate AJ.E.B. * Mllg. Oo., East Pittsburgh. Pa. 


A CLOSE STUDY of the type of arcs 
occurring with faults in low-voltage a-c, networks and 
the method by which they are extinguished has brought 
out several striking conclusions. It has been found 
that short arcs between copper electrodes and not 
adjacent to insulation are inadequate to meet the fault¬ 
clearing requirements of low-voltage a-c. networks of 
more than 130 volts. Actual low-voltage networks of 
voltage higher than 130 depend for extinction of arcs 
upon the strongly deionizing action of gas blasts 
coming from decomposing adjacent insulation. As 
suggested by this result, It has been found also that 
the extinction of arcs in cables is strongly affected by 
the closeness of the insulation to the arc. Also, 
inorganic insulating materials giving off non-com¬ 
bustible gases have been found to be effective in aiding 
arc extinction, and of the various inorganic materials 
tried, boric acid was the best. Further, where organic 
insulation has been charred, it may be expected to lose 
its property of aiding arc extinction. 

The Short Arc Without Gas Blast 

Test curves of the recovered dielectric strength of 
'the arc space, or "'arc reignition characteristic,^' are 
shown in Fig. 12. It will be noted that up to a certain 
. point there is an almost instantaneous recovery by the 
arc space of dielectric strength; after that the recovery 
of dielectric strength is much slower. Curves A, B, 
^d C indicate that the immediately recovered dielectric 
strength is independent of the arc length. As shown 
by curve C, the slope was found to decrease with an 
increase of arc length. Curve D, however, indicates 
that for heavier currents there is an extremely low 
value of immediately recovered dielectric strength, and 
w extremely small slope of the characteristic for the 
first few hundred microseconds. 

Earlier tests made by Kehoe indicate that the arc 
following a fault in an a-c. network cable will always 
be extinguished at 220 volts r. m. s. At 1,000 volts 
r. m* currents up to 500 amperes, and at 2,000 volts 
r. m. s., currents up to 100 amperes were also success- 

From ^*Arc8 in Low-V<5feage A-0. Networks/' (No. 31 •54) lureseiited 
«the A^.E.Ew Middle Eastern District meeting, Pittsburgh, Pa.. March 
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fully inteirupted by the arc. Although the tests at 
higW voltages v^ere not conclusive, it appeared certaq^ 
that at 220 volts the arc would be extinguished under 
all circuit conditions. These, and the results of other 
similar tests, are entirely compatible with the earlier 
data on arc reignition characteristics, such as curves 
A, B, and C of Fig. 12. 

The more recait results indicated by curve D, and 
which should be more directly applicable to cable- 
fault arcs, are not compatible with these results. 
According to curve D, arcs with currents exceeding 
1,200 amperes would not be Anguished with more 
than 125 volts or 130 volts r. m. s. in a low-power- 
factor circuit. We are then driv^ to the conclusion 
that in a-c. cable-fault arcs there must exist additional 
deionizing agents which are not active in ordinary 
short arcs between metal electrodes. 

These additional deionizing agents miist come firom 
the insulation used in cables, and the authors believe 
that it comes from the intense blasts of gas directed to 
the arc from the adjacent decomposing insulation. 
This turbulent inpouring of fresh, relatively cool, 
un-ionized gas from the decomposing insulation may 
well cause the extinction of the arc in circuits of 
voltage higher than otherwise would be possible. 
Gases which are inflammable and under certain circum¬ 
stances even may constitute an explosion hazard, are 
probably necessary in the functioning of low-voltage 
a-c. networks. 

Tests on Arcs in Cables 

Furth^ substantiation of the important part insula¬ 
tion plays in the extinction of the arc, and an indication 
of the persistency of the arc when not subjected to the 
influence of insdation, was shown in a number of 
copper-to-copper short circuits made in short lengths 
of oil-impregnated paper-insulated cable. The cable 
used was 600-volt, three-conductor, 500,000-cir. mil 
lead-covered cable manufactured by the Habirshaw 
Cable Company. The arcs were started in seva^al 
different ways, and were made in a 550-volt r. m. s. 60- 
cycle circuit in which the current was limited only by 



Fig. 12. Test curvMof arc reigiiiti'iiAarshleiitfles 
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the reactive iini)edaiice of the transfomaers and cables. 
Currents varied from -3,000 to 10,QOO amperes. In 
some of these tests the short circuit was made near the 
end of ilie cable opposite the power supply, and in 
others near the middle of tJie cable section, pow«r being 
supplied from both ends to eliminate the strong mag¬ 
netic blowout effect that is present with the first method 
of short-circuiting. 

In general it was found that when the arc was closely 
bounded by insulation it would be extinguished in from 
one to fifteen half cydes. Occasionally, however, the 



FI 3 . 13. Calculated circuit reisnition characteristics 
are given in curves 1 , 2, and 3 



Fig. 14. Arc extinguishing properties of basic 
magnesium carbonate 


arc would persist, and it was then found that pladng 
redstance in shunt with tixe arc having a value as low 
as one ohm, had no influence on the extinction of the 
arc. In those tests where the insulation had been 
carefully cleaned away about 6 in. or more from the 
arc, the arc would then persist, and the arc voltage was 
about 860 volts, or three or four times as large as when 
the arc was bounded dosely by insulation. This value 
is very much too hiGh..Ior an are drawn in air and 
un^iposed to any gas.blasts. The only conduaon 
v^iich can be reached is that it was caused by the 
decomposition of the insulation. 
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Tests on Arcs Between Copper Plates 

Definite confirmation of the importance of the 
decomposing insulation in extinguishing arcs, as well 
as quantitative results on both organic and inorgamc 
insulation at heavy currents were obtained in a group 
of short-circuit tests made between a pair of copper 
plates. These were 34 thick and 4 in. by 27 in. in 
area, spaced about 34 apart. To keep the gas 
pressure between the plates low, holes, spaced 
1.41 in. between centCTs, were punched in the plates. 

Tests were first made using only an air-gap between 
the plates, and values were determined for resistance 
which when in shunt with the arc would just caoge it to 
go out. With these values the circuit r6ignition 
characteristics should be just tangent to the arc rdgni- 
tion characteristic. Three calculated “drcuit reigm- 
tion characteristics,” or tendency of the circuit to 
build up voltage ao’oss the arc space are shown in 
Fig. 13, in which curve B from Fig. 12 is redrawn, and 
three probable arc reignition characteristics for the 
larger currents and spacing are indicated by .curves 
from the 160-volt point on the voltage axis tangent to 
the various circuit reignition characteristics. 

Arc potentials in these te^ w«‘e found to vary from 
40 to 100 volts, and it was shown decisively that the 
simple short arc between copper electrodes free from 
insulation is inadequate to meet the fault-clearing 
requirements of low-voltage a-c. networks. 

Further tests were made with the same dectrode 
arrangemmit but with oil-filled paper clamped betweei 
the copper plates, the fuse for starting the arc bring 
passed through a }4rui. hole in the paper. At 560 
volts the arc was extinguished for all values of currait 
tried, up to 11,000 amperes. Similar results were 
obtained as the voltage was increased to 760, although 
at 1,160 volts the are persisted. The arc potential was 
found to vary from 300 volts at low currents to 600^ 
volts for high currents. InCTeasing the size of the' 
hole to H in. caused the arc to perist at 560 volts, 
and the arc voltage was only about 200 volts. ..Tc^te 
in which the paper was impregnated with vaseline and 
with glycerine gave results practically the same as f<y 
the oiled paper, and the important part playfed by the 
insulation in tiie extinction of cable arcs was ^ain 
affirmed. 

Prriiminary tests were then made using inorgamc 
insulation which would give off incombustible gases 
such as water or carbon dioxide. The various materials 
in the form of powder were packed between the copper 
plates, and tests were then made as before. The are 
was permitted to make as large a hole as it would in 
the closriy packed, powdered material. ^ 

The results shown in Fig. 14 for basic magpesium 
carbonate are t 3 nE)ical of the relation between tiie ciSir- 
rent and tiie voltage tiiat can be intermpted by a j^ven 
length of are. As the current is iSq;eas6d from smril 
values, tiie volts which can Jie interrupt, djgcreare, 
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reach a mmimpiri j and then increase again* This surface film, and the resultant tearing of this 
relation is rather to be expected if it is recalled that for carrying current will restart the arc. Although n 
very large currents the gas blast will be very intense, acid also has it^ melting point below that a w i 
and that W very small currents the arc will be partic- rapid decomposition takes place, the electric i:esistivi y 
ularly sensitive to deionizing influences. of the molten boric acid is very high. ^ 

If, now,'the voltage of the circuit is kept constant wfll b® s® th^ the power will be 
and only the circuit reignition characteristic is altered, keep the bone aad film hot, and it will recongeai. <,nu 
similsir results are obtained. Below a certain “speed” permanently opening the circuit. 

of circuit all currents are interrupted, whereas for While organic insulation in general 1^ the property 
bi^er “speeds” there will be an intermediate range of of being left with a surface of good dielectric qua i y^ 
current for which the arc will perrist. after exposure to the arc, it may not have this propmy 

•This is illustrated in Fig. 15 which shows the results after it has been subjected to a moderately high 


of tests using gypsum powder. All these tests were at 
650”vjJts, with varying values of resistance shunting 
tiie arc to give different circuit reignition characteristics. 
For shunting resistances of less than 16 ohms, the arc 
interrupted all values of current; but for resistance 
greater than 16 ohms, there would be an int^mediate 
range of current for which the arc would persist. 

B^use it so happens that most of the data for the 
different powders were obtained at 560 volts with 
vaiying resistance shunts, their efRca<gr may be com¬ 
pared by plotting in one figure several curves similar 
to that of Fig. 16. This has been done in Fig. 16. No 
curve is given for boric acid, as the arc interrupted all 
values of current even when unshunted, except for one 
test which did not repeat itself. The curve for gypsum 
is taken from Fig. 15, and consists of the boundary of 
the region of arc persistency. The other curves were 
obtained in a similar maimer. 

From all these data it is concluded that boric arid 
made the best arc-extinguishing powder, being as good 
as oiled paper over the range of these tests. The next, 
although* considerably inferior, is gypsum. Then far 
inferior, though better than plain air, are the rest of the 
materials tried. 

Aec-Extinguishing Substances 

From thfse tests it will be noticed tiiat some require¬ 
ment' otiher than the amount of gas generated for a 
riven volume, or for a given energy input from the 
4rc, must be taken into account. This othCT factor 
probably rdates to tiie state of the surface of the 
bounding material just after the moment of arc extinc¬ 
tion. . Even tiiough the arc will not reignite in the arc 
space itself, the surface of tiie hoimding material must 
be able to withstand the voltage without breaking 
'down. Organic insulation in g^eral seems to meet 
this requirement, as the surface remains dean and is of 
good inWating quality. 

AmiriftTiiiim carbonate, however, melts hdow the 
temperature at which rapid decomposition takes place, 
and the surface of tiie material which is left aft^ a 
half <^cle of arcing undoubtedly consists of a molten 
film of the ammonium carbonate which is highly 
conducting. Ahonriderable currait flows in the molten 



Fig. 1 5 . Arc extinguishing properties of gypsum. 



Fig. 16. Arc extinguishing properties of various 
powders 


temperature, so that it is more or less charred before 
the arc b^do® to act upon it. Insolation whidi has 
become chaired for any reason is ineffective in causing 
the extinction of the arc, because it has lost its more 
volatile constituents and because after exposure to 
the arc, the surface which is left is almost entirely free 
carbon and a good conductor while hot. With normal 
organic insulation, the rapid evolution of gas iw>mH to 
scour away the surface and ke^ it clean of carbona¬ 
ceous reddnes; but the charred insulation has lost this 
property. 
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The Philadelphia 
A-C. Network System 

Because several of its basic features differ 
quite radically from other distribution net¬ 
works, the engineerins plan of the Philadel¬ 
phia a-c. network is outlined and five years’ 
operating experience is summarized. 


By 

H. S. DAVIS 

Non-Member 

Both of the 

W. R. ROSS Phlladdphla (Pa.) 

Associate A.T.X.E. Electric Company 


TThIS system at present comprises 
24 sectionalized primary loop feeders supplying three 
separate fused secondary networks areas totaling 1.26 
sq. mi. The total 1930 peak load of the central busi¬ 
ness district of Philadelphia amounted to 72,820 kva., 
of which the a-c. network system carried 27,600 kva. 
and the remaining d-c. system 6,000 kw. The remain¬ 
ing 39,220 kva. is fed generally in large blocks at 2.3 
or 13.2 kv. Supply for the whole area comes princi¬ 
pally through four substations which in turn are fed 
from two steam-electric generating stations located 
about IH nd. away. 

Each network area is fed by four primary loop feeders 
from each of two substations. These feeders are com¬ 
posed of three-conductor, 350,000-cir. mil paper-insu¬ 
lated lead-covered cable now operating at 2.3 kv., three- 
wire, two-phase, but designed for ultimate three-phase 
operation at 13.2 kv. Each feeder is routed through 
widely separated parts of its network area, interlaced 
with other feeders, and carried through several inter¬ 
sections to return finally to the substation of its origin. 
The several ‘‘unit-sections” of each primary loop are 
joined through 400-ampere 15-kv. subway-type oil 
circuit breakers subject to the control of the balanced 
pilot-wire protection scheme. For a standard 2-OCO- 
duty cycle at 2.8 kv. these breakers have a rupturing 
capacity of 80,000 amperes. 

Network distribution transformers are all 100-kva. 
subway-type units of standard impedance. Most of 
them are constructed with the high-voltage winding in 
six sections, connected in pamllel for present 2.3-kv. 
operation and permitting series connection for possible 
future operation at 18.2 kv. All of these transformers 
are installed in manholes usually four in a group to¬ 
gether with one oil circuit breaker, two pilot cable 
junction boxes, and four low-voltage sectionalizmg 
boxes. Barrier walls are not used in these manholes, 
but all (except control) cables are fireproofed. 

The secondary a-c. network system is a grid of two- 
phase^ five-wire 116-23()-volt mains. This grid is fed 
from the primary loop^ through transformer banks 

Rnm“TbePbiladelidil. A.O. Network SysMm*’ (No. 31 *86) preeattedattb. 
AJJI.E.MiddleSaM$niI>MtietmMtlDK,FlU.butgh.Fa..Marcbll-lS,1931. 


placed at each main street intersection. To provide 
automatic isolation in cases of trouble the secondary 
mains and transformer leads are equipped with copper 
link fuses. These fuses are installed in five-way, 
single-polarity sectionalizing boxes to which the four 
secondary mains and the transformer leads are con¬ 
nected. Fuse capacities used are 1,250 amperes for 
mains and 1,600 amperes for transformer leads. 

Tn the. secondary network 350,000-cir. mil, 600-volt, 
paper-insulated, lead-covered cables are used. Single¬ 
conductor cables from the fused sectionalizing boxes 
may be spliced to tingle- or multiple-conductor mains. 
In many instances the three-conductor cables of the 
former d-c. network were used for one phase and two 
single-conductor cables installed to complete the sys¬ 
tem of two-phase mains. Present practise is to install 
single-conductor cable for the phase wires and a 2/0 
bare neutral wire. 

Both lighting and power loads are fed from the same 
set of secondary mains. No auto-transformers are 
required on the secondary network because the system 
conforms to accepted voltage standards for both light 
and powo*. Thus all parts of the system may be 
paralleled at will. It is of interest, too, to note ,that 
two-phase motors up to 40 bp. are taken on any part 
of the network, when well established, without requoing 
current-limiting devices for starting. 

Opkbating Experiences 

In g^ieral, five years’ operating results with the 
Philadelphia network systm have been satisfactory. 
Some of the more important operating experi^ces are 
outlined briefly in the following paragraphs. 

1. In one case, trouble Jn a generating station cut oft the power supply 
to a i>a!r of substations feeding one of the network areas, dropping a 5,000- 
kva. load. Service was restored promptly, however, by resortdng to the 
use of interstation tie lines. This enabled one of the dropped substations 
to pick up the whole area load during the emergency period. 

2. In the second of two Instances where system disturbances Affected 

network areas, no service iutemiptioh occurred. In this case the 18^ 
kv. transmission feeders to one of a pair of network-area substations wer«» 
lost successiv^yt dropping the entire area load of about 6 . 09 P kva. on the 
second substation. This second substation thus for Ihe emergen<^ 

period idl of its owu load, the whol network-ardSk load, %nd ^|^ugh 
feedback) severid important radial feedershhfom tlie first suj^tation- 
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Dela^vare • 
north 


Dolawaro 

ooixth 


Schuylkill 

south 


Totals 

December 1930 ‘ 


Area In aouare miles oparat^ Mtwork .......0 ..; ; •" • 

Number primary loop feeders....ofiookva.I 2 320 kva.! 32,540 kva. 

Total normal capacity of loop feeders.. i Wa. 1210 kva ifto kva 

Average length per loop feeder... 8,800 ft.12,476 ft. .11.660 ft. . 

Totally of loop feeder cable between substotlon and tot teans^er ^ ,. ^ .^ ^ ^. ^ 

Total lanj^’ <rf iw f^er'«*te between siitoiion and boundary, Of oieovft, 28.007 ft. 

"e».:.-.... .. . 7 o .! ’72 ‘ !!!!! ’lOO 

Nnpberofnnlti^tlonaonloow... w •• ••• ^^ .....1.280ft. W20ft. 


.17.160 ft. i.86,698 ft.80,240 ft. 84.098 ft. 


ATerage loop section length in feet* 


. ...21.292 ft. 6.806 ft. 28,097 ft. 

67 70 72 199 

1,230 ft. 1,430 ft. 1,280 ft. 1,820 ft. 


Nitaiber of primary ofl drcult breakers... . . ^ 

Installed transformer capacity kva. ... 

.Number of transformers (100 kva.).. ™ ™ 

Number^ef trangfonner manholes...; * ‘ 

Ratio normal loon feeder capacity to transformer capacity... 86% . 7i% 

Bwldo maximum ^incident feeder demand to transformer capacity. 04% -_7a_^ 


176 
41,600 
416 • 
151 
78% 
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«. Some 22 cabl" faflurcs and three traaefomer failures have been 
isolated guceesstuUy Tfithout Interruption to service In any unit-section 
other that directly affected, and without Impairing service to any 
customer. Cable failures have averaged one per aA unit-sections per year, 
or 12 per 100 ml. of operating cable per year, the rdatively high average 
being due 4argely to external mechanical injury* Transformer failures 
were caused by water leakage and consequent Insulation breakdown. 

4 . The first consignment of oil circuit breakers caused trouble by 
teipping out from vlbratioa, a trouble relieved by proper mechanical 
correctionB. Sxceptiiig one other instance—a failure caused by .water 
leakago^these breakers have given satisfactory service and have required 
only a minimum of maintenance. 

5 . The operation of fuses in these network areas has demonstrated 
that secondary faults are quiddy and selectively isolated, and that the 
stses nsed are satisfactory. There have been no cases of fuses blo^vlDg 
when a fault did not exist in that particular section. When fuses have 
not blown, faults have cleared themsdves; in two cases they burned dear 
within a few indies of the point of origin. 


An inspection is made every three months by a group 
of five men to determine the condition of all equipm^t 
associated with the network. It is expected'that with , 
further operating experience the frequency of inspec¬ 
tion may be reduced safely. In detail the inspections 
consist of: 

1 . Testing transformers, oil drcult breakers, and fuse boxes for water¬ 
tightness. The work involved In making equipment water-tight accounts 
for most of the inspection time. 

2. Testing the entire pilot-wire relay system for grounds, open circuits^ 
and short circuits. 

3 . Checking sensitivity of trip coils and operating mechanisms. 

4 . Looking for blown fuses and open secondary cable matos^In tide 

sectionalizing boxes. r 


6 , In the pilot-wire rday system field Inspections to date have disclosed 
three cases of failure in the four-conductor (No. 4) rubber-insulated, lead- 
covered cable. Also two cases of incorrect cable connections and one 
defective current transformer were discovered. However, none of these 
six Irregularities caused circuit-breaker operation. 



6 . Minor repairs and adjustments to all equipment as requir^. « 

Open breakers on the primary loop circuits are 
checked (1) by recording the hourly ammeter reading 
on eaxdi loop feeder, (2) by twice each week opening 
altomately the loop feeder ends, and (3) checking the 
approximate total currents under these test conditions. 
The current readings on each loop-end often indicate 
an opmi section and its approximate location. 

CONSISTEINCY IN A TBN-YEAR PLAN 

Since the first Philadelphia a-c. network area was 
established in 1926 as an integral part of a ten-year 
program of changing the downtown butiness district 
from d-c. to a-c. distribution, the systan plan initially 
adopted has been followed without fundamental 
change, and has proved amply flexible to meet changing 
load conditions. With the aid of an arc. “system 
.. fylfflilating board” tile proposed ssratetn was laid out in 
detail to meet the general requirements: 

1 . That the network system as a whole should have sufficient epere 
capacity to insure against overloading any equipment during periods of 
unit-section or transformer outage; and 


Fig. 2. (Above) Sinfile-line diasram 
of pilot-wire relay protection system 
f r a typical primary loop 

It may be noted that only one transformer 
bank and associated cable is isolated in the 
event of a Fault on the primary loop feeder 


Fi^. 3. (Ri^kt), Typical transformer 
mank leskowins—lefltorfskt^-irans- 
former, oil circuit breaker, pilot cable 
juncti n boxes, and secondary sec- 
tionalfzins boxes 

Most manholes are 15x9ft. In plan with 
8-ft. headroom, and are located In the high¬ 
way benealh the sidewalk. Two openings 
are ccs/ered by removable sl^s, one of 
which has an open-gratfng lid and two open¬ 
ings for ventilating ducts which ducts 
'extend from street surface to bottom of the 
manhole at each end 
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2. That adequate network voltage should be maintained under all 
conditions. Including idiort-tinie (30 min.) loss of one of the two substations 
8 uppl 3 riiig any given area* 

» 

Both of these requirements have been proved in 
practical operation. 


Synchronous. 

Machine Constants 


Companion pap^s "Calculation of 
Synchronous Machine Constants” by L. A. Kilgore and 
“Delermination of S 3 mi<dironous Machine Constants 
by Test” by S. H. Wright (see footnote) bol^ of tiie 
Westinghouse Electric & Manufacturing Company, 
have been presented before the A.I.E.E. Until recently 
the theory of s 3 mehronous machines has required rela¬ 
tively few constants; a single value of reactance, usually 
called armature leakage, has been used to calculate the 
initial short-circuit current, and standard decrement 
curves have been applied to detainine the rate of 
current decay. However, the need for greater accuracy 
in short-circuit and stability calculations has brought 
into quite general use tiie new theory involving sj^- 
metrical components. The various reactances and time 
constants affecting tranrient characteristics must -be 
known in applsdng the new theory, and consequently 
there is a real demand for knowledge of these constants. 

The paper by Mr. Kilgore presents a method of 
for all the more important constants, except 
the subtransient time constant. The principle of super¬ 
position is applied to resolve the reactance accurately 
into'components which can more readily be calculat^. 
"'IThe.induced current in the field and additional damping 
circuits are accounted for in a simple man ner by apply¬ 
ing the. constant interlinkage theorem. Comparisons 
of test and calculated values are given, and formulas 
for the constants of both salient-pole and turbine 
generators are derived in the appendix. 

Every designs of large syndironous machines has to 
meet this problem of calculating the constants and those 
who use the constants in other applications also are 
interested in knowing how accurately they can be <^- 
culated. Their application rather than their calculation 
has been tiie subject of most of the previously published 
information. 

Th® paper by Mr. Wright, discusses the results of an 
investigation including extensive, tests of the constants 

Abstracted from “Oalculatlon of Sybchroiious M/Mdiina OoDstoDts” 
(N . 31-103) by C. A Eilgo^ eod “Detenninatlon of, Synchronous 
•M 4 chlDeOmi 8 tiintsb 7 T 6 st*» (N . 31.114) by S, H* Wirfldit, both presented 

tth^L^B. summer convention. Asheville. N. O.. June 22-20.1031. 
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of various synchnftioiis machines representative of thoSe 
found in modem hydroelectric or steam-electric power 
systems. Although there is as yet no accepted set of 
definitions which standardize the meaning of J^hese re¬ 
actance constants, time constants, and resistances, they 
are discussed from a practical standpoint and methods 
for their determination from tests are described. Also 
are given details of the application of these methods to 
an extensive group of tests actually made. 

These tests show the importance of such factors as 
saturation in the analysis of machines operating under 
short-circuit conditions. Saturation was found to be 
particularly important for turbine-generators, due 
largely to the inherently low reactance and therefore 
high shorixdrcuit current of this type of machine. As a 
result, variationsinsomeoftheconstants were found and 
are presented in the paper. The author advocates that 
unless otherwise qualified, reactances and time con¬ 
stants should be based on what are termed ‘"saturated^' 
values. Based upon the extensive tests performed, 
tables are given to show the values of the constants for 
various t 3 n?es of machines. These afford means of 
estimating the characteristic constants of the various 
s 5 nichronous machines that are found on the power 
systems of today. 


Field Transients 

in Magnetic Systems 


Magnetic circuits generaffy 

are composed of magnetically different materials which 
have different characteristics such as magnetization 
curves, electrical conductivities, and thermal properties. 
The most important distinction, however, lies in the use 
of laminated and solid iron parts, both of which show 
extreme behavior in the case of transient phenomena. 
When any change of tiie assoc^ted magnetic field takes 
place, eddy currents are produced in the iron, and these 
eddy curr^ts produce a reacting magnetic fidd. This 
condition delays the rate of diange of the resultant 
fidd. In the case of laminated iron parts, the very 
structiire of the systen limits the amount of eddy cur¬ 
rent to a negligible value. However, the delay of the 
growth of the magnetic fidd in solid iron parts is one of 
the most important factors in the operation of many 
types of electrical equipment. 

Previous solutions of this geieral problem have be«i 
based upon special assumptions which do not take 

Absbracted from “Weld TransietttB In^dagnetic Systems” (N - 3t-llS) 
by 9* Weber, preseated at tbe A.I.E.B. summer coaveatloa, Asb^rtlle. 
N. O., Juno 22-26. mi. 
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adcurate account of the interlinkage of eddy current and 
exciting current. Ernst Weber in an A.LE.E. paper 
(see footnote) presents a complete n&thematical solu¬ 
tion of spddMily applying a d-c. voltage to an electro¬ 
magnetic circuit composed of an electric coil with a 
partly laminated and partly solid iron core containing 
an air-gap. Starting from Maxwell’s field equations for 
the eddy current and the magnetic field in the iron core, 
tiie solution of the time conditions is reached with the 
•aid of Heaviside’s operational calculus. The result is 
expressed by means of a time constant of the magnetic 
field, composed of the time constant of the electric 
drcuit and a fraction of a newly defined time constant 
due to the eddy currents in the iron part. The influence 
of the various dim^isions of the solid iron part on the 
rate of change of the magnetic field is shown quantita¬ 
tively. 'The results of the method described are illus¬ 
trated by a numerical example. 

The method is of considerable importance in a number 
of practical applications, such as the operation of relajre; 
in the pulling into step of synchronous motors; in ^e 
dhort-circuiting of and quick-response excitation of 
large alternators; in production schedules depmiding 
upon changes in speed of large industrial motors; in the 
proper performance of all motors in the field of trans¬ 
portation; and in all magnetic-electric systems where 
regulation is influenced by the magnetic inertia. This 
problem is not only electrically, but economically and 
mechanically, important since the design of such equip¬ 
ment dei>ends upon the relative amount of solid iron 
which may be us^ in extreme cases without disturbing 
the required characteristics of operation. 


Transient Oscillations 
in Distributed Circuits 


^Oscillations in transformer and 
other distributed windings have been subject to analysis 
both by test and calculation; the mathematical in¬ 
vestigation of such oscillations is extended by L. V. 
Bewley (see footnote). In this paper, the nature of 
the initid, transient, and final distributions of potential 
are mathematically analyzed and discussed, showing 
the effects of the following; 

1. Xo«es 

2. OlrculS coDstaats 


AJ>8tracted txfm ’’Transient OsoUlations in Distributed pircuita, with 
Special Beference to Transformer bindings’’ (No. 31-06) by L. V, Bewley* 
presented at the A.I.B.B. summer conyentlcm, Asheville* N. O.* June 
22-26* 1981. 

962 


3. Neutral impedances 

4. Applied wave shape 

6. Available methods for controlling distribution 

The losses in a transformer circuit diuing a high fre¬ 
quency transient are due to series resist^ce in the 
winding (including skin effect) and dielectric losses 
and leakage currents fix)m the winding to ground and 
between points at different potentials on the winding. 
These losses have a four-fold effect on the character of, 
the oscillations: (1) the amplitudes of the harmonic 
oscillations are decreased; (2) the “frequencies of the 
harmonic oscillations are slowed down; (3) decTKnenl 
factors are introduced; and (4) the finsd distribution is 
not linear. It is theoretically possible to chocj^fe ^ch 
losses that all oscillations vanish. 

In analyzing the effects of circuit constants, most 
distributed circuits may be classified imder four ideal 
combinations: (1) self-inductance and ground capaci¬ 
tance (the transmission line); (2) self-inductance, ^^es 
capacitance, and groxmd capacitance; (3) self- and mu¬ 
tual inductance, and ground capacitance; and (4) self-in¬ 
ductance and mutual inductance, series capacitance and 
ground capacitance (the transformer). The effects of 
these diffo^nt combinations of circuit constants are 
described by equations and graphs in the complete 
paper. It is shown that they may be discussed from 
three different points of view: (1) fixed distribution 
plus harmonic standing waves; (2) fixed distribution 
plus harmonic traveling waves; and (3) simple traveling 
wave plus distortion terms. Complete sets of curves 
for the initial and final distributions are given. 

A rigorous mathematical treatment for any general¬ 
ized neutral impedance is not attempted, but two 
approximate methods of analysis are given.' In the 
first method, the neutral voltage is determined by 
solving the approximate external equivalent circuit of a 
transformer, and, using this voltage as an applied wave; 
the corre^onding distribution then is found and added 
to the distribution due to the wave at the line termiiuil 
and with the neutral grounded. This method is illus¬ 
trated for a capacitance in the neutral. In ihe seeond' 
method, the circuit consisting of self-inductance, ground 
capacitance, and series capacitance is used to representij 
the transformer, and the solution for the neutral voltage 
obtained by means of the Heaviside operational cal¬ 
culus. This latter method gives fairly good results for 
the neutral voltage, but only a rough approximation for 
the internal distribution. 

The solutions are given for the following representa¬ 
tive applied wave shapes, and the genmd method of 
analysis is specified: (1) infinite rectangular wave; 
(2) finite rectangular wave; (3) uniformly rising front; 
(4) typical lightning wave; (6) damped oscillation; and 
(6) sustained oscillation. The solution for each of jthese 
cases is illustrated either by graphs or cathode ray os¬ 
cillograms, or both. ^ 

The control of the transient distriSuJ^on is discussed 
with respect to: (1) maintenance of constat n^tral 
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conditions, and (2) control of the osdllations by shunt 
or series capacitances or combinations of both, by 
ground capacitance, and by losses. It is shown that 
while theoaddition of ground capacitance increases the 
amplitudes of the space harmonics, it slows the natural 
frequency of oscillation, and thM’efore may prevent the 
occurrence'of abnorm^ voltage to ground before the 
applied tominal wave has disappeared. However, it 
increases the gradients along tiie winding, and therefore 
does not offer the ideal solution that their elimination 
provides. Stress is placed on the control of oscillations 
by the use of losses, particularly by shunt resistance 
v^th .an exa^erated negative characteristic; and the 
possibility of a combined lightning arrester and tied-in 
shufft ri^sistor for controlling the distribution is pointed 
out. 5^0*0 also is included in Ihe paper a short his¬ 
torical sketch on this phase of transformo* investiga¬ 
tions, and a short bibliography. 


Non-Linear Circuits lor 
Relay Applications 

Study and analysis of non-linear circuits 
reveal characteristics which mark them as 
capable of being adapted to a variety of 
special uses. A simple series circuit of this 
type is especially well adapted for relay 
applications^ and obviates some of the un¬ 
desirable features of mechanical relays. 


®v • 

C. G. SUITS Oeneral Elco. Oo. 

Schenectady, N, Y. 


No PRACTICAL problems lend 
themselves to solution by available mathematical 
tools as readily as do linear electrical drcuits. In 
non-linear circuits, however, wherein the ms^nitude 
of the different elements of inductance, capacitance, 
or resistance, become functions of the current or other 
variables, the analytical problem is complicated greatly. 
Mathematical impedimenta need not intimidate the 
esperimentai approach, however, for many of the non- 

Baaed upon Studies ^2L Nhn^Linear Oiieoits'* (No. presented at the 

conveiftion. New York, Jan. 26-80, 1081, 


linear circuits may be studied in this dianner with the 
simplicity characteristic of the more familiar circuits. 
In this connection it is probable that a lack of that 
potent aid to research—analysis—accounts in some 
degree for the present elementary state of development 
of this t 3 rpe of circuit. 

Many so-called linear circuits containing ferromag¬ 
netic core material possess linear charact^tics over 
their normal operating ranges, but do not even approxi¬ 
mate linear operation during abnormal conditions.. 
For this reason these supposedly linear circuits some¬ 
times behave in a maimer regarded as anomalous, when 
in reality such behavior is rdated directly to the fun¬ 
damental nothUnear nature of the circuits. Thus vari¬ 
ous types of instability in power circuits incorporating 
capacitance probably can be analyzed in terms of ele¬ 
mentary non-linear circuits. A careful study and 
analysis of various circuits will reveal many applications 
not readily apparent. One application of this character 
consists in the use of a simple series non-linear circuit 
in conjunction with apparatus already available for a 
non-mechanical relay having practicsdly ideal charac- 
t^tics. 

The voltage-current characteristic for a series non¬ 
linear circuit consisting of resistance, capacitance, and 
an iron-core inductance, may be seen in Pig. 1. The 
similarity between this charact^stic and the charac¬ 
teristic for an ideal relay is evident at a glance. As 
may be seal from the curve, this circuit is "voltage 
sensitive,” that is, at the criti<al voltage a large current 
rise may be observed in response to a small change in 
voltage. Thus at or near this critical point, a change 
in voltage of only 0.01 per cent may result in a 100 per 
cent increase in current. 

An oscillographic study of the circuit of Fig. 1 reveals 
that the low-current region A is associated with the 
magnetically unsaturated r^on, or more properly the 
hysteresis region of the iron-core reactor, while in 
region C the current has risen to such values that 
saturation has taken place. R^on B, or the critical 
part of the volti^e-current curve, corresponds to that 
portion of the magnetization characteristic of tiie core 
material loosely referred to as the “knee,” and in this 
region the instantaneous current rise is such that the 
instantaneous capacitance and inductance voltages are 
equal and oppotite during some portions of the voltage 


Fig. i . Voltage- 
cuirent characteristic 
for a series circuit 
containing as its 
non-linear element 
an iron-core reactor 
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cycle. In this'limited region of resonance the peak 
value of current is limited only by resistance, and thi^ 
jnay be calculated from the d-c. resistance of the circuit 
and the corresponding instantaneous value of applied 
voltage/ This condition is illustrated by the oscillo¬ 
gram shown in Pig. 2. Here the cyclic period of reso¬ 
nance occurs during the interval indicated by arrows, 
and during this period also the current is at its peak 
value. This quasi-resonant state has been called 
non-linear resonance to distinguish it from linear reso¬ 
nance from which it differs in important respects. 
Non-linear resonance is analogous to linear resonance 
in that the current is resistance-limited, and that the 
sum of the reactance voltages is zero; it differs from 
ordinary resonance phenomena, however, in that the 
X)eriod during which the resonance condition 


I ^ at ^ 

J ^ dt ^ ^ di dt 


di 


d$ di 


is satisfied, occupies but a small portion of each steady- 
state cycle. 


Voltage-current characteristics for different parts of 
this relay arrangement also are shown in Fig. 3. Over¬ 
all operating characteristics of the device ar^ indicated 
in the curve 2 s, which is a close approximation to the 
characteristics of an ideal relay. Curves are shown for 
two values of load resistance (22j). From these two 
curves it is quite obvious that the ratio of “on” to 
“off” load current may be made as large as desired, it 
being a function of the deSgn of the saturating reactor, 
and governed by the same considerations as in all cir; 
cuits where this device is used. 

Of some importance in this application is the amount 
of power which may be controlled in a relay of this type. 
For a saturable core reactor the power amplification fac¬ 
tor is a function of the maximum and minimum-values 
of impedance required, which are related in turn to the 
“on” and “off” load current Theoretically, the po^ 
amplification of a reactor of this type is quite unlimited 
but practically a factor of 1,000 for an incandescent 
lamp load has not been exceeded to date. This present 
limit can be exceeded quite readily, however, by cas¬ 
cading the saturable reactors. Since there is no limit to 


Application to A-C. Relays 

A relay must possess in general two characteristic 
properties: (1) a non-linear actuating charactadstic, 
and (2) capability of power amplification, which means 
that the ratio of controlled to consumed power must be 
high. The voltage-current charactaistics of a series 
non-linear circuit make it admirably wdl adapted to 
f ulfilling the first mentioned requirement. The second 
requirement may be obtained by combining this circuit 
with the saturable core reactor as shown in Pig. 3. 
The saturable core reactor (A.I.B.E. Journal, Oct. 
1924, p. 958-66) is essmitially a special type of reactor 
having a-c. load windings and d-c. control windings so 
arranged that no power is transferred between the load 
and control circuits. In the arrangement shown in 
Fig. 3 the voltage across the capadtance in the resonant 
drcuit is used to actuate the saturating reactor which 
in turn controls a load through its a-c. drcuit. 



I 


ft 




• t , 




Fig. 2. Typical oscillo¬ 
grams showing voltage 
and current relations 
for range “B” of Fig. 1. 
Arrows denote range 
of non-linear resonance 
I —current 

El—Inductance voltage 
Ec—condenser voltage 



Fig. 3. A-c. relay made up of a series n n- 
linear circuit and a saturable-core reactor with 
voltage-current curves for different circuit branches 


the number of reactors which may be cascaded, accord- 
ingly thwe is no limit to the power amplification that 
may be obtained. It may be interesting to note that 
in an experimental set-up a powdr amplification <3f 
10,000 is obtainable in only two sts«es, and with com- 
parativdy ineffidoit equipmmt. 

The sensitivity of resonant rdays is limited by the 
characteristics of the resonant circuit and.of the 
saturable reactor drcuit. The most sendtive relay 
action is obtained when only a small amount of power 
is from the resonant drcqjlt ,and 4n practical 

relays a 1 per cent change in voltage has been found 
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sufficient to determine the “on” or “off” condition. 
Constancy of the control circuit frequency is another 
factor intoencing to a certain extent the relay sensi¬ 
tivity. With a supply frequency of 60 cycles, however, 
variations in relay op^ting voltage are only about 1 
per cent pqr cycle change in frequency. Means are 
available for obtaining still greater senritivity, but up 
to the present time no application has required it. 

Proximity Effect 
in Cable Sheaths 

Formulas supplementing those previously 
published and making it possible to calcu¬ 
late the losses in cable sheaths simply and 
accurately are presented herewith. These 
cover a wid range of cases. 

By 

H. B. DWiGHT Massachusetts Institute 
Fellow ^ Technology. Cambridge 



Figs. 1 and 2. Thin tube with enclosed filament 
(left) and three-phase cable with sheath (right) 


c = mean radius of tube in cm. 
t = thickness of tube in cm. 

$ distance in cm. from center of sheath to centers 
of the copper conductors 

^ 0)2ir ei 

p =- 

P. 

ct> = 2 ir/ 

/ = frequency in cycles POT sec. 
p* *= resistivity of the tube in abohms per cm. cube 
If there are currents in more than one location within 
the sheath> each produces its own sheath current 
independent of the others, and the total sheath current 
is obtained by addition. The result of distributed 
currents is given by integration. 

Energy Loss Calculations 


LtEAD sheaths of undergrotmd 
cables, being conductors two or three inches in width, 
usually will have noticeable circulating currents flowing 
in them due to the proximity of electric power currents. 
^Thfe calculation of the circulating currents and their 
losses, is called a proximity effect calculation, and the 
result takes the form of a power series. 

Th& problems encountered deal with current density, 
energy loss, and voltage drop. Certain of these are 
discussed, in ^^Losses in Groimded Sheaths of Single- 
Conductor Cables,^" by H. B. Dwight, Electric Journal, 
Feb. 1924, p. 62. Methods are now available for 
applying these calculations to a wider number of cases 
and with increased accuracy. 

Considering a very thin tube enclosing a filament as 
in Fig. 1, the current in the sheath is 


The loss in the sheath of a three-phase cable is of 
importance with cables of large size. Referring to 
Fig. 2 the loss in the open-circuited sheath is given by 
the following expression, which was published by 
F. W. Carter, as eq. 19 in the Proc. of the Cambridge 
Phil Soc., V. XXIII, 1927, p. 905. 

_ Loss in lead shealh _ ■ 

Loss in three copper conductors at 0 freq. 


00 



where • 

a « radius in <un. of a solid copper wire of the same 
resistance as the stranded copper conductor 
p, = refflstivity of copper 

Calculations based on these formulas for three- 


I S'' I*+j?n conductor three-phase cables with open-dreui^ 

i( 0 ) = — —— - -M 4 . «r" ^ dieaths indicate that the sheath loss with a typical 

1 cable of 600,000 dr. mils per conductor is 5 per cent 

where' of the loss in the three copper conductors at 0 freq., 

current in filament at y and in a typical large cable of 1,000,000 cir. mils per 

____ ■ ‘ ’ conductor tW sheath loss is 15 per cent of that ih the 


Firom |n Cable Sheaths” iCNo. 01-72) presented at the thPCC COnduCtOtS. 

*“'*“*"■ The loss in shorKarcuited non-magnetic sheaths in a 
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^gle>pbase circuit is given by eqH!28 of tiie Electric 
Journal article previously referred to. However, this 
equation can be unprov^ by making it more rapidly 
conv^gent for wide spacings betwemi the cables. 
This is done by a slight change in the calculation, 
making the initial terms the same as in the usual 
impedance formula. 

Using the notation of the present article let 


-j cologn — 


^ ^ c 

j w 2 logn —^ 

c 2vet 

(3) 


(4) 

B *ii*[-2 Alogn-f- + 2l/ 

A- 1 

(5) 



C" {n+ k~ 1) \ c* 1 

+ ^ (»- 1) Ik ! 8* 

(6) 


»-1 


justify adding a formula for the loss in the second 
outside sheath in addition to eq. 32 and eq. 34 of the 
previously mentioned Electric Journal article. Using 
the notation of that article, let 


Pa A-ea + ■Be» + Gaa + • « • 

P» = Ain + Bin + Gin + . . . It 0 . 
Loss in sheath of second outsdde cable 
Loss in conductor at zero frequency 


-^[2|P.1*+|P,|»+1P*|*+. • .+|P»I*+- • •] 

( 12 ). 


Various problems in proximity effect^and shielding 
in wires and thin tubes can be solved by these i&etiiods. 
Sheath losses are of sufficient importance to warrant' 
being consddered in all cases, even though frequently 
it will be desired only to compute the losses to show 
that they are practically n^ligible. In other cases, 
howevCT, the effects are of engineering importance, and 
the design of conductors will depend upon the Values 
computed. 


n and k denote int^ers. 

In the equations for B and Gn, A — 0. For G and 
use the formulas for B and Gn respectively, except 
change A to B and F to G. Similarly for D and J,, 
change A to C and F to H, and so on. 

L=P+B + (7+... (7) 

JIf, = P, + Gn + H« + . . . (8) 


Harmonic Generation 

by Grid Circuit Distortion 


_ Loss in sheath _ 

Loss in conductor at zcto frequency 


O* Pt 
Ct Pa 


[ 21 li* + 2 i^-I‘] 

»-1 


IL I* is the square of the absolute value of L. 

An approximate formula for this loss ratio is 


2 o^ p, 
et Pc 


|P1* 


( 9 ) 


( 10 ) 


A typical <example calculated for a 60-cycle, single¬ 
phase circuit with 2,000,000 dr. inil angle-conductor 
cables indicated a sheath loss of 49 pw cent of the loss 
in the conductor at 0 frequency, based on eq. 9, while 
the approximate formula eq. 10 indicated a loss of 41 
I>6r cent. This latter value is tiie same as would have 
been obtained using the well-known approximate 
■formula 


Effective resistance 




( 11 ) 


"When tinee sin^e-conductor cables with short- 
circuited lead sheaths l\e in e plane and carry balanced 
three-phase current, thg losses in the two outer sheaths 
ate not tile. same. The difference is great enoufi^ to 


THE USUAL vacuum tube harmonic genera¬ 
tors are fundamentally high distortion amplifiers 
oi>aated under conditions of grid bias and plate voltage 
whidh, to distort the input voltage wave, utilize the 
non-linear relation between plate voltage and plate 
currmit. A paper published in tiie June 1931 ime of 
the A.I.E.E. Transactions (see footnote) giv^ the 
result of an investigation into the posdbilities qf-usii^' 
the non-linear grid voltage-current characteristic to 
produce harmonics. Grid distortion can be utiliz^ 
by operating the tube so that the grid goes positive 
for a part of each fundamental frequency cycle and then 
inserting in series with the grid lead an impedance 
across which the grid current impulses produce a 
voltage drop rich in harmonics, which then is amplified 
in the plate circuit. 

The grid circuit distortion harmonic generator has 
the advantages of produdng the harmonic in one dr- 
cuit and developing the powm* in another, combined 

Abstracted from **Harmonic Generatioix by Means of Grid CXrcuit Dis¬ 
tortion** (No. 30-144) by F. S. Terman. (Amt. Prof. Blec. Bngg^ Stanford 
XJniyersilyt CaUf.) D. £. Obambers ((j^eneral Electric Ck>., Schenectady, 
N. Y.) and S. H. Fisher (Besearch Assistant, Stanford ITnlverslty, Oalif.). 
Originally presented at the A.I.B B. Paddc Coast conventiion at Portland, 
Ore., Sept. 2-5, 1930 (Eighth District 1980 jpjOzS paperT Published in 
AJtB.B. Tbausaotions, V. 50, No. 2, June 1981, 811-]L7. 
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with the vay high distortion properties of the grid 
circuit. The result is that the grid distortion harmonic 
generator vievelops from 100 to more than 1,000 times 
as much power on the higher harmonics as does the 
usual plate distortion generator. Thus, when using a 
suitable pa?allel resonant circuit as the distorting grid 
impedance, a steady output of 135 volts effective has 
been obtained from a radio receiving tube on the 22nd 
harmonic. When the grid impedance consists of a large 
inductance it is i>ossible to generate simultaneously at 
least l/20th milliwgLtt of power on every harmonic up 
to the 50th. The grid circuit input power required 
to give these results is several hundred milliwatts in the 
case* of, the parallel resonant circuit, and considerably 
less wH&n a grid inductance is used. 


The paper give^ the mechanism of operation, illi&- 
trated with oscillograms and harmonic spectra, and 
indudes a discussion of the effect of circuit conditions 
on the operation of the grid distortion generator;. 

Discussion offered incident to the original presenta¬ 
tion of this paper pointed out that: 

**In view of the fact that all of the results discussed in the paper are for a 
low fundamental frequencF, it may be of interest tO mention some work 
done ... * at frequencies above 3,000,000 cycles, using tubes having 
ratings up to 250 watts .... The grid distortion harmonic generator 
using tuned grid impedance is characterized by a harmonic output that 
decnreases very slowly as l^e order of tiie harmonic is increased. The 
result is that while the grid distortion method of harmonic generation has 
little, if any, advantage over the usual arraugement on the second and 
third harmonic. It is much superior on higher harmonics .... operative 
at fundamental frequencies above 3,000 kc., although adjustments were 
. . . . critical with unnoutrralized circuits. , . . a reasonable amount of 
pow^ Cbas been obtained) on 8 meters with a generator drive by an 80- 
meter crystal." 


The Trend in 
Dielectric Research 


A resume of some of the important advances 
made during the past year in the fields of 
physics and chemistry as applied to the 
fundamental theory underlying successful 
lectrical insulation. 


By 

JOHN B. WHITEHEAD The Johns Hopkins 

Fell w A.I.E.B. University, Baltimore 


. The past year has been excep- 

lionally Vich in the results of dielectric research* 
Rather than attempt a review of all the new work which 
has come to my attention, I prefer to point out what 
seems to me to be an outstanding feature of the year's 
work, namely, an unusual intensity of the study of 
msulating liquids and some of the outstanding results 
thereof. 

Several investigations are under way on the electrical 
proi)erties of pure hydrocarbon liquids. From one of 
these there is some indication of a correlation between 
conductivity, as measured with continuous potential, 

Bssentlally fan text of the <»inwA.t report of ]>ootor Whiteheed as ohainnan 
of Uie committee on electrical insulation, division of engineetlng and indus* 
trial re8eardi,*Natloaal Research Ooundl, as presented at the fourth 
.ai^ual meeting and canference of that committee held at Harvard Uni¬ 
versity. QamUridge, Mass., November 18 and 14,1931. 


and well recognized molecular properties. For the 
most part, however, the outstanding results of expm- 
ments of this character are to show that it is alwasrs 
possible, by further distillation and purification, to 
lower the conductivity stUl further. Values of con¬ 
ductivity of 10-“ and 10"“ mhos part are reported. 
These values always pertain to the long-time continuous 
voltage measurement and tiie volt-ampere character¬ 
istics show a pronounced saturation condition. 

From the standpoint of such desirable insulating 
qualities as high didectric strength, low dielectric loss, 
and low rate of detaioration due to whatever cause, 
these low values of conductivity are no indication of 
spdiial value. In the matter of dielectric loss, for 
example, such pure liquids show losses under alternating 
stress which are far greater than may be accounted for 
by the final conductivity. The losses are completely 
accounted for, however, by an initial brief and constant 
conductivity which may be measured by osdllograph as 
shown by experimeits in my own laboratory at Johns 
Hopkins University. The nature and type of the ions 
involved in this initial conductivity as yet are uncer- 
t-ftjn and present an interesting and important problem. 
It is of special interest to note that certain WgUy 
refined oils in the commercial dass may, by similar 
treatanent, have their final conductivity r^uced to the 
HamA order of magnitude as that pertaining to the 
diemically pure simple hydrocarbon. In tiiese cases, 
the ratio of the initial (0.002*to 0.01 sec.) to final ,(1 
min. or more) conductivity may he as great as 600:1.’ 
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Colloids vs. Dielectric Strength 


Tire value of tfiis ratio for the conmoner, but good, 
insulating oils is from 4:1 to 10:1. The great differences 
in these ratios is caused by tiie differences in values of 
the final conductivities. The initial conductivity of 
the higfily purified liquids approaches in value that 
of the commoner oils. In all cases a dielectric loss in 
the oil alone is accounted for completely by the initial 
conductivity. 

Colloid Theory op Dielectric Behavior 

Th^ is increasing evidence that the electric ions 
involved in the dielectric loss in oils are larger than 
molecules. Attention already has been called to the 
possibility of this by Prof. J. W. Williams of the Uni¬ 
versity of Wisconsin. In a series of papers stretching 
ovCT the last few years, Professor Bbning of Tung-Chi 
University has developed a theory of dielectric behavior 
based upon the properties of colloids, which he has 
applied experim^tally and qualitativdy, at least, to 
all the important phenomena appearing in the applica¬ 
tion of dielectrics as insulators. Briefiy, the theory is as 
follows: All liquid insulators such as oil contain traces 
of colloidal particles the surfaces of which attract 
electric ions of one sign and hold them tight through 
the phenomenon of adsorption. The charges may be 
positive or n^ative accor^g to the material, and the 
charged colloidal particles attract to thanselves liquid 
ions of the opposite sign, of which there always are 
some present. The aggregate, therefore, consists of a 
double layer of opxKisite charges of whidi, however, 
the outer layer is very much more loosely bound tiian 
the inner. Under a sufiiciently strong electric field the 
outer layer is detached and passes relatively rapidly to 
one electrode. The charged colloid particles thus left, 
owing to their size and mass, move slowly towards the 
opposite electrode. In the ndghborhood of that elec¬ 
trode these particles may accumulate, forming a space 
charge, and thus reducing the field in the middle region 
and raising it near the electit>de. 

Expmmenta! evidence of the pres^ce of these space 
charges was presented sevoal years ago by Whitehead 
and Marvin, and other similar evidence has been pre¬ 
sented more recently by Schaefer. Bdning recently has 
shown experimentally the pres^ce of an increase of 
hydrostatic pressure imder one electrode due to the 
accumulation of space charges. He invokes this 
phenomenon as an explanation of a condition sometimes 
obsmred in high voltage cables in which the compound 
api)ears to have migrated away from the central con¬ 
ductor. The space charges have low mobility and are 
evident only in studies with continuous voltage. The 
space charges as such do not accumulate at ordinary 
alternating frequencies, say 60 cydes, and the losses 
in oils at these frequencies are due to the osdilatory or 
perhaps rotatory motion of the particles or f^gregates. 
Theymay be r«noved temporarily by the long applica¬ 
tion of a continuous field with cons^uent temporary 
reduction of loss. 


The influence of the presence of coUoids.upon the 
dielectric strength of oils also is being studied. Ac¬ 
cording to Bdning, as the amount of colloid material 
in purified insulating oils of several types ^creases up 
to 0.02 per cent there is a sharp reduction of dielectric 
strength to about 80 per cent of that of the pure oil. 
Greater proportions of colloid material, however, seem 
to have no increased effect. The breakdown strength 
under continuous voltage is 60 per cent of that \mder 
alternating stress. These resdts'are said to be in 
general accord with the theory of space charges rising 
in the adsorption of ions of one sign and'the resulting 
space charge and high stress near one eV^trode. 
Beyond a certain concentration of colloid partides 
there is no furthw lowering of dielectric strength because 
the partides tend to aggregate in large groups with 
corresponding reduction of the total adsorbing surface. 

Further light on the nature of the breakdo^ of 
liquids is found in one of the frequent papers by Inge 
and Walth^ describing studies of the dielectric strength 
of xylol when carefully freed of dissolved gases by suc¬ 
cessive distillation. When so prepared, the breakdown 
strength of this liquid is independent of the pressure 
over a wide range, and independent of temperature for 
continuous and impulse voltages. Th«e is, however, 
a continuous decrease of the breakdown alternating 
voltage with increasii^ temperature. The conclusion is 
reached that the breakdown in liquids is associated with 
the boiling point. Gas lowers the boiling point and 
fadlitates breakdown. It would appear that the 
lowering of breakdown under altonating stress )s due to 
increased local temperature caused by the back-and- 
forth motion of the colloid particles previously referred 
to, thus leading to breakdown, somew^t in accordance 
with the proposal of Gunther-Sdiultz. As related to 
this question of the pictine of the nature of breakdown, 
there also may be mentioned the interesting report.by 
Gemant of the photographic record of tiny local dis¬ 
charges within the oil before final failure. 

Low Frequency Losses 

Several papers have appeared discussing'the pos¬ 
sibility that dielectric losses at low frequencies may be 
occasioned by polar-molecular orientation in the Debye 
sense, as suggested by Kitchin and Mueller two years 
ago. Of these may be mentioned especially the work of 
Elirch and Riebel, who have reported several studies on 
oil-resin mixtures in various properties over a range of 
frequency firom 50 to 10,000 cycles and in the tem¬ 
perature range from —30 to —160 deg. cent. These 
authors present a qualitative analysis of their results 
strongly supporting their proposal that the changes in 
power, factor and dielectric constant with temperature 
and frequency are due to dipole orientation. 

Omstein and Willemse have presented‘other evi¬ 
dence in favor of molecular orientation as a canse ef 
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dielectric loss. They measure the Kerr effect, the di¬ 
electric loss, the temperature coefficient of dielectric 
constantj.and'the viscosity of a basic petroleum oil and 
eighteen different samples or cuts from the same oil by 
the separation of different compounds and their suc¬ 
cessive purification. Their results are presented in a 
series of diagrams in which the samples are arranged in 
horizontal rows, the several rows representing different 
groups of definite chemical character and the samples 
jn each row being of different degrees of refinement. 
Correlation now is looked for in the changes in those 
electric properties dependent upon polar orientation as 
Between the-various groups and the respective samples 
in each grotip. Close correlation is found between 
changes in the value of the Kerr constant, the tempera¬ 
ture change of dielectric constant, and in the valu^ of 
dielectric loss, as well as in other properties. The whole 
presents a very convincing picture. 

However, shairp exception to these proposals has 
been taken by A. Gemant in several papers, as well as in 
his interesting text, “Electrophysik der Isolierstoffe.” 
In particular, he recently has reported a series of studies, 
gjTnilar to those of Kirch and Riebel, in which he shows 
that the oil carefully freed of colloids shows also the 
power factor variation attributed to polar molecules 
and that the increases due to the addition of colloid 
material by no means are proportionate to the amounts 
added. Further, he shows that similar changes may be 
brought about by the addition of non-polar impurities. 
He presents an equally convincing picture that the 
effect in question may be accounted for by the conduc¬ 
tivity due to impurities and the consequent variations 
in structure, and that the variations of loss and power 
factor in the low temperature range for oils are in ac¬ 
cordance with the Maxwell theory of absorption as 
extended by Wagner. He reaches the conclusion that 
losses due to polar molecules can occur only in fre¬ 
quencies at 10^. 

.If time permitted, I should like to review briefly the 
important contributions from Rogowski, Joff4, Inge 
andWalthw, and von Hippel, on the conductivity and 
electric bijeakdown in crystals. These contributions 
(in^tute notable extensions of present knowledge of 
the mechanism of molecular failure under electric 
stress. *Refm*ence to these and to all other papers 
mentioned will be found in the list which accompanies 
fhig report. These indicate that, as stated previoudy, 
the past year has bemi exceptionally rich in the results of 
didectric research; it is extremely interesting to note 
also that the studies of engineers engaged in the dir^ 
application of dielectrics as insulators are approaching 
and supporting each other to a far greater extent than 
ever before. 

Monograph Pubucation 

One of the most important accompMuncnts of the 
year has been appmance of the tot of a serira of 
•monjjgrqphs omdielectricS and insulation^ which are to 


be published under the auspices of the N.R.C. cdip- 
mittee on electrical insulation. The title of this tot 
volume is “The-»Nature of a Gas,” and its author^ 
Prof. L. B. Loeb. The publisher is John Wiley & Sons. 
This is a remarkably dear and interesting exposition 
of recent knowledge and theory of the electrical proper¬ 
ties of gases. It constitutes a most auspicious opening 
of a series which should be of great value, and the 
extension of which will constitute one of the committee’s 
chid future efforts. Oiha'monographs now in prepara¬ 
tion are: 

Blbotric Discbarob in Gabbs, K. T. Oompton and Irving Langmuir. 
Conduction in Gabes, J. Sleplan and B. G. Mason. 

Liquid Diblbotrios, Dr. Andreas Gemant. 

Solid Dtblbctrics, C. I*. HIU, W. S. & M. Co. 

The Blbcteical Profbbtibb op Glabb, Dr. J. T. littleton, Corning Glass 
Works. 

Chbiuoal Bfpbotb ih Blbctbio Dischabob, George Glockler and Doctor 
Lind. 


Bibuography 

In presenting the following bibliography, no attempt 
has been to make it all-incluave, and minor errors and 
inconsistencies may have <aept in. It is believed, 
however, to contain many important publications on 
dielectric research and related subjects. 

Physics, Chemistry and Theory 

X-Bay Studxbb of Motions of Molbculbb in Dibleotrics Under 
Stress, B. D. Bennott. Ji Franklin Insist April 19S1, p. 481. (Sliows 
tliat after solidifying under stress paraffin gives an imsymmetrical halo 
when an x-ray beam passes tlirougb. No definite conclusions except 
molecules shifted.) 

Conductivity op Crystals, A. Joffe. Zeits, Phys^f 62, 1930, p. 730. 
(Opposing Smekal and Kogowskl.) 

Oonobntbatbd Spaos Chargbs in Iobland Spar, A. Joffe. Ze/rt. Phys., 
66, 3, 4, 1930, p. 148. Science Abstracts 1348. (The concentrated high 
voltage spacM) chaise and its distribution in a tldn cathode layer have been 
directly measured by grinding off the surface.) 

Diblbctbic Polarisation of Purb Organio Compounds, Morgan and 
Lowry. Jl Phys. Chem.. Nov. 1930. (A series of measurements of 
molecular moments. No special bearing on insulating properties tsrpical 
of a number of such studios. Connection not obvious as yet.) 

OuRRBNTS IN DiBLBOTRioB, G. Guebou. Phil. May,, 69, Feb. 1931, p* 
406, (Mathematical development of currents in dielectrics due to polar 
molecules and due to Ionic conduction; proposes an orprosalon made up 
of their sum for total dielectric current. No experiments or check.) 

Polar Molbculbs, S. O. Morgan. Washington meeting of N.B.O. 
committee on cfiectrlcal insulation, Nov. 1030, 

Tbboby op Absorption, Lobs, Etc., Murphy Lowry, work at Bell Tele¬ 
phone Laboratories. 

Passagb of Elbotrioity Tbbouob Solids, Nasledow and Schoranreky, 
Ann. Phys„ 6, 4, 1980, p. 429. (Polarization e.m.f. and appL .m.f.—• 
x-radlation increases residual charge and slower decay of charging current. 

Dipodb Thboby, S. Whitehead, Phil, Mag., 9,1980, p. 866. 

The Dbpbndbncb op Polarization B.M.F. and Tbub Conductivity 
OF Crystals on the Field Strength, Berau and Quittner, Zeiis. Ph^s„ 
64,11 and 12.1980, p. 760. 

Diblbotrio Polarization in Liquid Mixturbs, N. N. Pal. Phil, Mag*» 
68,10,1980, p. 205. 

Space Charge, Colloids, and Properties of Dielectrics 

Space Charge, Colloids, and Properties'of Dielectrics 

Oil Bbbin MixTUR,Bi»,.Bonnaim ^d Gemant, Siemens, Konz, (Power 
fac^r at lower tepjfljj^tnri^ a.Ma^eU-Wagner and not a 

Debye effect.) 
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P^opBitTiBs OP Otb &BeiN MiXTURBSt KIrcb ax^ Riebel* Arch, Etek,* 
24« Nov. 7* 1030» p. 553. 

Colloidal Anomalibs op Pbtbolbum Oilb, Pi^usnltz. Kolhid ZeiiSt 
June 1930. p. 359. 

Oataphorbuib in Rotating Fiblds. Colloid Parts, Pugh and Swarls. 
Phgs, Rev,, Nov, 1, 

Fibld Distbibtttion in Liquids, Schaefer. Zeits, Physik, 62, 0, 10* p. 535. 

Importanob of Colloid Bbkatior op Insulatino Liquids and Solids* 
J. W. Williams. Lecture at Washington meeting of N. R. O. committee 
on electrical insulation, Nov. 1930. 

Breakdown 

Influbnob op Colloid Suspbnsions on Diblbgtrio Strbngth op Oils, 
P. Boning. Zeils,fuT Tech. Phys„ 4, 1931, p. 200. (Up to 0.02 per cent 
by weight colloid asphalt reduces dielectric strength to about 80 per cent 
value for pure oil, thereafter no further reduction with more coUolds. 

Diblbotrio Strbnotb of Dboassbd Liquids, L. Inge and A. Walther. 
Zeds* far Phys., 9. 1930. p. 869. (Dielectric strength independent of 
pressure in degassed liquids—d-c. and a-c. and Impulse. D-c. and im¬ 
pulse independent of temperature, but a-c. decreases with increasing 
temperature.) 

Bbbazdown in Solids, Inge and Walther. Arch. Elek„ 25, Jan. 27, 1931, 
p. 21. (Showing that surface gradients at breakdown may be much 
higher for small radius conductors than those for parallel electrodes, 
notably in snlphur, suggesting corona effect In gas.) 

Spaob Chabqb and thb Brbakdown op Gasbs. Rogowski. Arch, Blek., 
Dec. 5. 1980, p. 679. (Positive space charge at negative electrode leads 
to the avalanche type of g^eration of new electrons: computation of the 
condition leading to rou^ agreement with the theory*) 

Thb Tbsobt op Thbbkal Bbbardown in Solid Diblbotrios, P. H. 
Moon. A.I.B.E. Trans., Y. 50, 1981, p. 1008. (Discussion of theory 
as d veloped by Fock; extension and experimental results.) 

Losses and Power Factor; Deterioration of Insulation 

Ikplubncb of Colloid Suspbnsions ok Dxblbctrio Strrnqtb op Oils, 
P. Boning. Zeits, far Tech, Phys,, 4,1931, p. 200. 

Xnplubnob of Extbrnal Oorona Disoharobs on Lipb op Imprbgnatbd 
Papbr Oablbs. Elec, TestlnyLab, Report 31 VM9/2. 

PowBR Factor Tbbts op Busbinos and Insulators as Indications 
op Lipb. Elec. World, Aug. 29,1981. 

Diblbotrzc Loss in Oils, A. Oemant. Zeits, fur Tech. Phys,, 12, 1980, 
p. 544. (Orlticizing Omsteln and WUlemse.) 

Influbnob of Pbbssurb on Diblbotrio Strbnotb of Dry Papbr, A. 
Ctemant. Arch, Elek„ 25, 1931, p. 181. (At low pressures paper is 
stronger than air, at hig^ pressures less so.) 

Elbotbophotoqbapbib von Isoubbstofpb, A. Oemant. Zeits, Tech. 
Phys„i, 1931, p. 250. 

Pabaqutta, Naw Matbrial for Submabikb Oablbs, Kemp. Bell 
Syst. Tech, Jl„ Jan. 1931. 

Thb Oab Oontbnt of Pafsb in Its Bbarikg on thb Elbotrioal Pbopbr- 
TiBs, Kogert. Kunstoffe, 21, No. 2, Feb. 1931. (The evolution of gas 
under oil Is shown to be due to moisture, to acetone solubility, and to 
mechanical structure. The more rapid the gas evolution with increase of 
temx>eratura. the poorer the electctoal properties of the paper.) 

Elbotrio Loss and Elbotrio Dipolb Mombnt in Transforubb Oil, 
Omstein and WlUemse. Zeits. fur Tech, Phys,, 9,1930, p. 346. (Correla¬ 
tion of several factors over frequency range 50 to 10* cycles, all pointiiig 
to d^oleloss.) 

S MB ELBOTaiOAL Obaraotbristios of Caslb Oils, H. H. Race. A.I.E.B. 
Papbr No. 81-47. (OH test cell: correlation of a-c. and d-c. l-mln. measure¬ 
ments.) 

Oil Lossbs at ^qh Frbqubnoibs, Yogler. Sleek, Naeh, Tech. (Losses 
in oils at high frequencies 10* to 1.8 X 10^, calorimeter method; power 
fabtor is indication of frequem^ and losses; no evidence of molecular 
polarity.) 

Tbstb OF Insulating Oils, Weiss and Solomon. R,G.B., 28. July 2. 
1980, p. 61. (Extensive study of oxidation and depreciation.) 

Diblbotrio Rbsbarcb, WelQ's work with the General Cable Ooxp. 

OoNDumviTT OF INSULATING OiLs II. J. B, Whitehead. A.I.E.E. 
^I^ANS., V. 50, No. 2, June 1981, pfd95. 

Fu^oaubntal PROPBRnss OP Acprbgnatbd Papbr, J. B. Whitehead 
and W. B. Kouwenhoven. A.I.B.B. Trans., V. 60, No. 2, 1981. p. 699. 


Simultaneous Faults 

on Three-Phase Systems 


From published records of flashovers on 
double-circuit towers which have tripped out both cir¬ 
cuits, and from opinions expressed by operating engi¬ 
nes of various power companies, approximately 20 per 
cent of faults occiuring on double-circuit tojvers involve 
conductors of both circuits. In addition to these, 
instances have been reported where faults in substations 
have involved conductors of circuits not on the, same 
towers. "It seems worth while therefore,” states 
Edith Clarke (A’23) of the General Electric Company, 
Schenectady, N. Y., in a current A.LE.E. paper, "to 
have in convenient form, methods for calculating i^ort- 
circuit currents, and of determining the stability iimit 
of a syst^ when faiilts occur simultaneously at two 
separate and distinct points of the s 3 rstem.” 

The method of S 3 rmmefrical components, introduced 
by C. L. Fortescue (A.IJE.E. Peocebdings, Vol. S7, 
June 1918, p. 629-716) and now being used extensively 
to determine short-dreuit currents and stability limits 
during transient conditions, have be^ ^ctended by tiie 
author to apply to three-phase s 3 rstems during simul¬ 
taneous faults at two or more points. In the positive 
phase diagram, a general equiv^ent circuit is developed 
to replace two simultaneous faults involving any com¬ 
bination of the six conductors. An approximate 
equivalent circuit to be used with a d-c. .calculating 
table when resistance is neglected also is given. In 
addition, special equivalent circuits are employed to 
replace two simultaneous faults and the lines upon 
which tiiey occur, when these lines are unloaded feeders 
radiating from a common point or lines of equal im¬ 
pedances bused at both ends. 

In the discussion on this paper (A.I.E.E. TbaHsac- 
TiONS, Vol. 60, September 1931, p. 939-41)^, the- 
author’s metiiods w^ shown to be of great practical 
value especially where two or more circuits are strung 
on the same towers. Some cases of trouble were' 
r^rted on faulty circuit structures which involved two 
lines going to entirely different parts of the system. 
The paper enables protection engineers to work out 
the complete story of any type of simultaneoiis fault in 
quite a reasonable length of time, from which informa¬ 
tion ri^ay settings may be established. Although' 
developed specially for use with grounded systems, the 
discussion brought out also the fact that the method 
may be adapted to the calculation of fault currents and 
voltages on ungrounded systms which are "quite 
common in Europe. 


Abstracted from ^^Slmoltaoeotis Faults on Tbree-^^hase Systems'* by 
Edith Olarke, (No- 31-69) presented at the iL!l.E.B./Middle Eastern 
District meet^, Pittsburgh, Pa., March ll-is, 1981.'* 
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Of Lnslitule anJ RelaieJ ^ciliTilies 


Winter Convention 
Presents Elaborate Program 


c 

^fURRENT engmeering improvements 
in the art^ resulting from field, laboratory, 
a<nd operating esiperiences will be pre- 
■sentod and discussed in the fourteen 
tec^cal sessions to be held during the 
A J.E.E* winter convention, with head¬ 
quarters in the Engineering Societies 
Building, 33 West 3dth Street, New York, 
N. T., January 25-29,1932. In addition 
to the excellent technical program there 
will be interesting inspection trips and 
numerous entertainment features, with a 
specially arranged program for the visiting 
Udies. 

Teobnioal Sessions 

The technical sessions have been 
planned so that the interests of any groups 
may not confiict at parallel sessions and 
yet subjects of interest to the same groups 
may be found scheduled close together. 
Thus those engaged in the fields of power 
generation, transmission, and distribution 
wiU find the sessions on protective devices, 
•distribution circuit lightning proteotion, 
sdeoted subjects, and system stability, 
of particular mterest. Those chiefly 
inteirested in theory should find the latter 
session to be of particular interest as well 
"^6 sessions on instruments and 
measurements, general circuit theory, and 
^research. All of the sessions so far 
mentioned wiU be held during the first 
three days of the conventioiu Designers 
and electrical manufacturers should find 
much materiid of unusual interest in the 
■sessions scheduled for Thursday and 
Friday; namely two sessions on electrical 
mach^ery, one on transportation, and 
another on electric welding. A session 
on electrochemistry and electrometal¬ 
lurgy which is of both tbeoretioal and 
basic prcu^tical interest also will be 
prasented on Thursday morning. Friday 
will be devoted primarily to communica¬ 
tion Subjects although riie papers pre¬ 
sented in the symposium on time, and 
time service, shqjild have a broad general 
appeal. With ,a j^rogram. of such broad 
flcopc^dnimely interest those attending 
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should have little difficulty in finding 
sessions of unusual interest along their 
particular lines of endeavor. 

Entebtainhsnt 

A buffet supper and smoker with enter¬ 
tainment will be held on Tuesday evening. 
On the following evening both l^e Edison 
Medal and the John Fritz Medal will be 
presented to the respective medalists. 
On Thursday evening the annual social 
event, the dinner dance, will be held. 
In addition, there will be a number of 
interesting inspection trips and the 
special program for the ladies in atten- 
danoe; more information pertaining to 
these features will be annoimced at a 
later date. Monday and Friday eve¬ 
nings have been left open to afford out-of- 
town guests an opportunity for theater 
going, the visitdng of friends or making 
other engagements. 

Ebduoed Railroad Rates 

Under the certificate plan reduced rail¬ 
road rates wiE be available to members 
and guests who attend the convention; 
only half fare need be paid on a return 
trip over the same route, provided a total 
of at least 100 certificates are deposited 
at the registration deric. Rates apply to 
all who attend the convenidon and to 
dependent members of their families. 
Each member or guest should obtain a 
certificate when purchasing his one-way 
ticket to New York, explaming to the 
ticket agent that he wishes the certificate 
authorized by the passenger associations 
for the winter convention of the American 
Institute of Electrical Engineers. 

On arriving at the convention the. 
certificate ^ould he deposited at the 
registration desk. There it will be held 
for .validation by a railrbad representative 
and if 100 or more oertiflicates are vali¬ 
dated, these certificates wiU be returned 
to the owners. By presenting the 
v^dated certifioate when purchasing 

return ricket, only half fare will be 


charged. Local ticket agents should be 
consulted regarding conditions affecting 
this plan, as it applies only within certain 
dates, depending upon the territory. 
Every<me whose one-way fare is 'more 
than 66 cents should get a certificate 
whether or not he intends to use it. By 
neglecting to do so others may he deprived 
of considerable saving, 

OoiailTTEBS 

The 1932 winter convention committee 
is constituted as follows: E. B. Meyer, 
chairman; 0. H. Caldwell, H. P. Charles- 
worth, Harold C. Dean, W. H. Harrison, 
C. R. Jones, C. L. Enight, C, E. Stephens 
and R. H. Tapscott. 

Chairmen of the subcommittees are: 
C. E. Stephens, convention executive 
committee, with C. R. Jones as vice- 
chairman; 0. W. E. Draper, smoker; 
E. J. Johnson, dinner danoe; W. R. Smith, 
inspection trips; and Mrs. E. B. Meyer, 
ladies* entertainment. 

SCHEDVUB or Events 

Monday morning and evening have been left 
open for committee meetings. Capital letters 
A, B, etc.» denote technical sessions. 

Mendajf Jkuumxj 25 

X0:00 a. m. Registration 
2:00 p'. m. Opening of Convention 
A—^Protective Devices . 

B—^iDstniments and Measure¬ 
ments 

Tuesday# lapitary 26 

10:00 a. m. 0—Symposium on Distribution 
Oironit T.tgTtfmfag Protection 

I>;^-Oenerti Circuit Theory 
2:00 p. m. B^Research 

P^Selecbed Sublects 
eXK) p. m. Buffet Supper and Smoker 

Wednesdar# laaoary 27 

I0K)0a. m. G*—Symposium on System Sta* 
bOity ^ 

1:16 p. in. Inspeotion Trips 

2:00 p. m. Board of Directors Meeting 

8:80 p.m. Edison Medal and Jphn FAtz* 

Medal Presentations 
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Tlmrsday, January 28 

10:00 a. m. H—Electrical Machinery 

I—Electrochemistry and Electro¬ 
metallurgy 

2:00 p. m, ^ J—Electrical Machinery 
K—Transportation 
7:30 p. m. Dinner Dance 

Friday, January 29 

10:00 a. m. L—Symposium on Time and Time 
Services 

2:00 p. m. M—Communication 
^ N—Electric Welding 


Tentative Technical Program 
Monday—2:00 p, m. 

A—Protective Devices 

A New High Speed Distance Relay with 
Composite Impedance—Reactance Character¬ 
istic, S. L. Goldsborougli and W. A. Lewis, 
Westlnghouse Elec. Mfg. Co. 

The Theory of Oil Blast Circuit Breakers, 
D. 0. Prince, General Electric Co. 

*Tho Practical Application of the Oil Blast 
Principle of Circuit Interruption, R. M. Spurck, 
General Electric Co. 

^Recent Developments in Arc Rupturing 
Devices, R. C. Van Sickle and W. M. Leeds, 
Westinghouse Elec. & Mfg, Co. 

Extinction of A-C. Arcs in Turbulent Gases, 
T. E. Browne, Jr., Westinghouse Elec. & Mfg. 
Co. 

B—Instruments and Measurements 

High Voltage Bridge for Measurements of 
Cable with Grounded Sheaths, O. L, Dawes 
and A. P. Daniel, Harvard University 

A High Sensitivity Power Factor Bridge, 
W, B. Kouwenhoven and Alfredo Banos, Jr., 
The Johns Hopldns University 

*>*Capacitance and Power Factor Measurement 
•by the Capacitance Bridge, R. P. Sisldnd, 
Harvard University 

''‘Aging and Elastic Hysteresis Instrument 
Springs, R. W. Carson and P. MacGahan, 
Westinghouse Elec. & Mfg. Co. 

*An Automatic Oscillograph, 0. M. Hathaway 
and R. O- Buell, General Electric Co. 

*The Photoelectric Recorder, O. W. LaPierre, 
General Electric Co. 

Tuesday—10:00 a. m. 

C—Symposium on Distribution Circuit Lightning 
Protection 

^Lightning Protection of Transformer Secon¬ 
daries, O. Francis Harding and C. S. Sprague, 
Purdue University 

*Field Studies of the Protection of Distribu¬ 
tion Transformers by Lightning Arresters, 
Including the Effect of Interconnection, K. B. 
McEachron, General Electric Co. 

*t=The Protection of Distribution Transformers 
from Failures Due to Lightning, A. M. Opsahl, 
Westinghouse Elec. & Mfg. Co., A. S. Brookes 
and R. N. Southgate, Public Service Electric 
and Gas Co. 

* Studies in Lightning Protection on 4,000- 
Volt Circuits—III, D. W. Roper, Common¬ 
wealth Edison Co. 

• ^Investigation of Lightning Protection for 
Distribution Transformers, T, H. Haines and 
C. A. Corney, The Edison Electric Illuminating 
Company of Boston 

^Distribution System Lightning Studies by 
Philadelphia Electric Company, H. A. Dambly, 
H. N. Ekvall, and H. S. Phelps, Philadelphia 
Electric Co. 

D—General Circuit Theory 

m 

* Equivalent Circuits, F. M, Starr, General 
Electric Co. 


Transient Oscillations of Mutually Coupled 
Windings, L. V. Bewley, General Electric Co. 

^ The Geometrical Circuits of Electrical Net¬ 
works, R. M. Foster, American Tel. & Tel. Co. 

Tuesday—2:00 p. m. 

E—^Research 

Some Fundamental Theory and Experiments 
on Electrical Precipitation, A. W. Simon and 
L. C. Kron, Tennessee Coal, Iron and Railroad 
Co. 

Radio Interference from Corona on High 
Voltage Insulators, P. O. McMillan, Oregon 
State Agricultural College 

‘'‘Predetermination of the A-C. Properties of 
Dielectrics from the Continuous Potential 
Characteristics, J. B. Whitehead and A. Banos, 
Jr., Johns Hopkins University 

The Breakdown of Glass with Alternating 
Potentials, N. D. Kenney, A. M. Luery and 

J, D. Moriaty, Standard Cable Corp. 
Relationships among the Magnetic Properties 

of Magnet Steels and Permanent Magnets, 

K. L. Scott, Western Electric Co. 

F —Selected Subjects 

^Introductory Statement—Steam vs. Elec¬ 
trically Driven Auxiliaries for Steam Power 
Stations, F. H. Hollister, Sargent and Limdy, 
Inc. 

Steam Driven Auxiliaries for Power Plants, 
W. Poole Dryer, Stone and Webster, Inc. 

Electrically Driven Auxiliaries for Steam 
Power Stations, L. W. Smith, Sargent and 
Limdy, Inc. 

*An Improved Type of Limiting Gap for 
Protecting Station Apparatus, A. 0. Austin, 
Ohio Insulator Co. 

Wednesday—10:00 a. m, 

G—'Symposium on Stability 

^Proposed Deffnitions of Terms Used in 
Power Stability Studies—Report of Subject 
Committee on Definitions, H. K. Sels, Chairman 
^Recommended Current Decrement Curves— 
I, W. O. Hahn, General Electric Co., and O. F. 
Wagner, Westinghouse Elec. &Mfg. Co. 

^Recommended Decrement Curves—II, W. O. 
Hahn, General Electric Co. 

^Recommended Decrement Curves—III, 
C. F. Wagner and S. H. Wright, Westinghouse 
Elec. & Mfg. Co. 

^Operating Experience of the Philadelphia 
Electric Company System from the Stability 
Point of View, R. A. Hentz and J. W. Jones, 
Philadelphia Electric Co. 

Thursday—10:00 a. m. 

H—Electrical Machinery 

*An Induction Motor With Paralleled Rotor 
and Stator, A. G. Conrad and R. G. Warner, 
Yale University 

*Some Considerations in the Design of 
Damper Windings for Synchronous Motors, 
O. O. Shutt, Westinghouse Elec. & Mfg. Co. 

*Surge-Proof Transformers, H. V. Putman, 
Westinghouse Elec. & Mfg. Co. 

^Effect of Transient Voltages on Power 
Transformer Design IV—Transformation of 
Lightning Waves to Secondary Windings, 
K. K. Paluefl and J. H. Hagenguth, General 
Electric Co. 

I—Electrochemistry and Electrometallurgy 

Power Losses in Electrolytic Condensers, 

F. W. Godsey, Jr., The Safety Oar Heating and 
Lighting Co. 

Film Characteristics of Electrolytic Con¬ 
densers, F. W. Godsey, Jr., The Safety Oar 
Heating and Lighting Co. 

*The Effect of Polar Molecules in Dielectrics, 
W. N. Stoops, Westinghouse Elec. & Mfg. Co. 

‘'‘Cobalt Magnet Steel, P. H. Brace, Westing¬ 
house Elec. &Mfg. Co. 


Thursday—2:00 p. m. 

J—Electrical Machinery 

*Commutation Considered as a^ Switching 
Phenomenon, R. E. Hellmiind ^nd L. R. 
Ludwig, Westinghouse Elec. & Mfg. Co. 

Equalizing Ciurents in the Armature of a 
D-C. Machine, R. M. Baker, Westinghouse 
Elec. & Mfg. Co. r 

Calculation of the No-Load Damper Winding 
Loss in Synchronous Macliiucs, E. I. Pollard, 
Westinghouse Elec. & Mfg. Co. 

‘'‘Mathematical Theory of Sine Wave Genera¬ 
tors, L. P. Shildneck, General Electric Co. 

K —Transportation 

Engineering Features of “Three Power” 
Locomotives, F. H. Brehob and F. H. Craton,^ 
General Electric Co. n r 

Motors for 3,000-Volt D-C. r Multiple Unit 
Cars, J. O. Aydelott, General Electric Co. ^ 

The Temperature Rise of Ventilated Jtailway 
Motor Armatures, D. A. Lightbaiid, Westing- 
house Elec. & Mfg. Co. 

‘1‘High Capacity Rectifier Efficiency Improved 
by Sectionalization, A. L. Atherton, Westing¬ 
house Eiec. & Mfg. Co. 

‘'‘Em’opean Railway Electrification, W. S. 
Gordon, Jr., Railway Electrical Engineer, 
Montclair, N. J., and E. Jaboolian, formerly 
with Jackson & Moreland, Hoboken, N. J. 

Friday—^10:00 a. m. 

L—Symposium on Time and Time Services 

fAstronomical Aspects of Time, E. W. Brown, 
Yale University 

‘'‘Modern Developments in High Precision 
Clocks, A. L. Loomis, Loomis Laboratories, 
and W. A. Marrison, Boll Telephone Labora¬ 
tories, Inc. 

‘'‘The Time Service of the U. S. Naval 
Observatory, J. F. Hellweg, U. S, Naval 
Observatory 

‘'‘Time Services of the Telegraph Companies, 

G. W. Jansen, Western Union Telegraph Co. 
‘'‘Time Services of the Power Companies, 

H. E. Warren, Warren Tclechron Co. 

Friday—2:00 p. m. 

M—Communication 

tNew Key West-Havana Carrier Telephone 
Cable, H. A. Affcl, American Tel. ^ Tel. Co,, 
W. S. Gorton and R. W. Chestnut, Bell Tele¬ 
phone Laboratories, Inc. 

fThe Development of a Hand Set for Tele¬ 
phone Stations, W. O. Jones, Bell Telephone 
Laboratories, Inc. 

fAn Automatic Concentration Unit for Print¬ 
ing Telegraph Circuits, G. S. Vernam, Inter¬ 
national Communications Laboratories, Inc. 

fDirect Printing Over Long Non-L6aded 
Submarine Telegraph Cables, M. H. Woodward, 
and A. F. Connery, International Comnp^nica- 
tions Laboratories, Inc. 

tCarrier Applications to a Telegraph Plant, 
R. E. Smith and L. A. Kolloy, InternationaU 
Communications Laboratories, Inc. 

fDirect Solutions of Coupled Tuned Circuits, 

L. A. Kelley, International Communications 
Laboratories, Inc. 

N—^Electric Welding 

Forces of Electric Origin in the Iron Arc—An 
Explanation of Overhead Welding, F. Greedy, 
R. O. Lerch, P. W. Seal and E. P. Sordon, 
Lehigh University. 

‘•‘An Improved A-C. Arc Welder, A. M. 
Candy, Westinghouse Elec. & Mfg. Co. 

‘'‘The Fundamentals of the D(3sign of Arc 
Welding Generators, K. L. Hansen, K. L. 
Hansen Engineering Co., Inc. 

‘'‘These papers are under considera^on for 
presentation at the whiter convention, but up 
to the date of going to press, November 2^, 
they have not been officially placed upon the 
program. ^ ^ 

fThese papers will nofbe published in advance 
form by the Institute out copi^is nj^y ber 
made available by the respective^authora^. 
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Kansas City District 

M^ing Well Attended 


With a total registered attendance 
of 411 persons the South West District 
meeting held in Kansas City, Mo., 
Ootober 22-24, 1931, was particularly 
noteworthy in the very active participa¬ 
tion of Enrolled Students. The final 
tally of official registration showed 169 
'Mepfibers,* 60 men guests, 19 women 
guests, and 173 students. All six of the 
Distriji^t Sections—Dallas, Houston, Kan¬ 
sas C^ty, Oklahoma City, St. Louis, 
San Antonio—were represented, as were 
also practically all of the District’s 
fourteen Student Branches. 

Although evening and Saturday ses^ 
sions usually are not crowned with 
suceess, the two such sessions held at 
K ansAs City were unquestionably success¬ 
ful if attendance may be taken as an 
index. Of the foiur technical sessions the 
Thursday afternoon and Saturday morn¬ 
ing sessions were held in the roof 
garden ballroom of the Kansas City 
Athletic Club, while the Thursday 
evening and PViday morning sessions were 
held in the beautiful Thomas Alva 
Edison memorial auditorium in the new 
office building of the Kansas City Power 
and Light Company. The evening ses¬ 
sion in the i)ower company’s auditorium 
was in the nature of a public meeting 
featuring various angles of the St. Louis- 
Bagnefi interconnection, supplemented by 
motion pictures of Bagnell Dam and 
powerhohse, and. of the 129-mile ‘‘Lake of 
the Ozarks” created by the dam. 

Openino Adbubbses 

• With A. B. Bettis, past vice-president 
(19^28) as chairman, Dean G. C. Shaad, 
gave the opening address following the 
pffijpial weh^me extended by Col. li. D. 
Gairett for Kansas City’s Mayor, Bryce 
B« Smith. In bis presentation Dean 
Shaad 4^cribed the fundamentals of the 
Institute organization and the reasons 
underlying the promotion of District 
meeting activities. He x>oint6d with 
some pride to the 12.6 per cent growth in 
Institute membership that has occurred 
in District 7 for the Institute year 
recently closed, and commended the 
District’s newer and smaller sections for 
their active development work. 

President C. E. Skinner in addressing 
the gathering expressed himself as also 
belieying that the “future of engineering 
students is very bright indeed,” pointing 
<*out*with some emphasis the fact that 
electrical engineering graduates now are 
occupied in gaipjul pxursuits in percentages 
, higher than any^lmer class of graduates. 
Dodljpr Skinner ouged eare|al stock taking 


and careful planning for the future during 
the present period of business unrest, 
and urged a realization of the cyclic 
character of the situation. He read a 
report issued by the United States 
Secretary of Labor some 47 years ago 
which specifically made the prediction 
that (then) “the needs of the world now 
are more than adequately provided for 
and it is useless to look to the future for 
further large developments or profits.” 
Doctor Skinner reviewed very briefiy the 
advancements made in the ensuing 47 
years stating that they should be index 
enough of what can happen during the 
next i>Griod of similar length. 

National Secretary P. L. Hutchinson 
also spoke, emphasizing briefly the need 
of more constructive attention to the 
matter of technical advancement and 
less attention to such current non-pro¬ 
ductive phrases as “technological unem¬ 
ployment.” Mr. Hutcliinson pointed out 
that technical advancement inevitably 
provides for increases in employment and 
general productive activities which other¬ 
wise never would develop. As one 
specific example he cited the contributions 
of Thomas A. Edison, whose work has 
provided the basis for tremendous indus¬ 
trial activity employing hundreds of 
thousands of individuals. 

Edison Memorial Program 

To present a short Thomas A. Edison 
memorial program Chairman Bettis called 
upon two Edison Pioneers to speak 
briefly. Joseph P. Porter (M’87 and 
Member for Life) president of the Kansas 
City Power and Light Company, cited 
the difficulties with which Edison was 
faced in the early development and 
promotion of his ideas, calling attention 
to the value of reverses which necessitate 
close application to the work in hand. 
Bringing his reasoning down to date, he 
urged diligent individual application as 
an important means of overcoming the 
present economio disturbance. As a bit 
of interesting history he mentioned the 
fact that on November 14, 1881, agree¬ 
ments were signed with Thomas A. Edison 
giving L. K. Moore and Joseph Chick the 
right to use in Kansas City patented 
rights, machines, and associated power 
plant equipment, resulting in the com¬ 
pletion in 1882 of Kansas City’s first 
electric generating plant. William Hahn, 
Kansas City manager for the General 
Electric Company, described' the basis 
on which the organization of Edison 
Pioneers was built and quoted their 
official aims. Oonoeming an everlasting 


memorial to Thomas A. Edison, Mr. 
Hahn said that “the electric industry is a 
true and everlasting monument to 
Edison.” * 

Student Sessions 

Two student sessions were held the 
first day of the meeting at which the 
following ten papers were presented: 

Modulation by Means of a Class B 
Ampufieb, H. D. Labreclib. University 
Arkansas. 

Michael Faraday—^Thb Man, O. M. 
Brecheisen, University of Kansas. 

OaoiOB OP Equipuent for Petroleum 
Pump Stations, V. J. Sittel, Oklahoma A. Sc M. 
College. 

Accumulation op High Potential Static 
Oharobs on Transmission Lines Durinq 
Sand Storms, O. E, Houston, Texas Tech¬ 
nological College. 

Sound as Applied to Synchronized Talx- 
iNo Piotureb, M. B. Janies, Missouri School of 
Mines and Metallurgy. 

A Synchronous Contactor in Transient 
Study, S. P. Robertson, University of Texsa, 

Control op the Hot-Oathodb Thybatron, 
J. V. Melton, Southern Methodist University. 

Design and Construction op Radio Field 
Intensity Measuring Equipment, G. S. 
Hammonds, University of Oklahoma. 

Carrier Current Communication Over 
High Voltage Power Lines, J. E. Shepherd. 
University of Missouri. 

Television, W. R. Mitchell, ICansas State 
CoUoge. 

Main Sessions 

Of the four main sessions, two were 
devoted to transmission and distribution 
problems, one to communication, and 
one, as mentioned, to the St. Louis- 
Bagnell interconnection. Session chair¬ 
men were: D. D, Clarke (M’18) of the 
Kansas City Section, and District Vice- 
President G. C. Shaad (F’13) respectively 
for the two transmission and distribution 
sessions; Stanley Stokes (F’29) of the 
St. Louis Section, for the intercoimection 
session; E. T. Mahood (M’28) of the 
Kansas City Section, for the communioi^ 
tion session. All of the eighteen technical 
papers presented at the four sessions and 
not previously or contemporarily pub¬ 
lished in Electbical Engineering in 
oomprehensive form were abstracted on 
p. 900-3 of Electrical Engineering for 
November 1931 and hence will not be 
discussed further here. Papers of both 
local and general interest were presented. 
All were well received and actively 
discussed, although the paucity of written 
discussion precludes the usual publication 
of a summarized review of discussion. 

Entertainment 

<> 

Under the influence a very evident air 
of spontaneous western hospita^tyy^ the 
social functions, staged under the dire^ 


DllCEMBEE 1931 


973 



ti9ii of the local eommittees, were among 
the most wholly successful social affairs 
held this year in connection with major 
institute meetings. Local sightseeing 
trips and inspection trips of a technical 
nature were available in wide variety; 
for the women there was a bridge lunch¬ 
eon, several excursions and other enjoy- 
able activities; for those who wanted golf 
facilities, these were provided also. A 
dinner dance featuring particularly well 
^planned entertainment and held in the 
grand baUroom of the Kansas City 
Athletic Club* Friday evening proved a 
dtting climax for the social activities held 
in connection with the District meeting. 
A much appreciated part of the evening’s 
program was the total omission of all 
speakers. 


District 7 Executive Committee 
Convenes at Kansas City 

During the recent District meeting in 
Kansas City, Mo., a meelmg of the 
executive committee of the Institute’s 
South West District was held on October 
23, 1931. Present were: chairman and 
District vice-president, G. C. Shaad 
(Lawrence, Kana.); District secretary, 

R. W. Warner (Lawrence, Kans.); 
Section chairmen, Q. A. Dyer (Dallas, 
Texas); E. M. Wise (Houston, Texas); 
George Fiske (Kansas City, Mo.); C. T. 
Almquist (Norman, Olda.); C. H. Kraft 
(St. Louis, Mo.); J. E. Woods (San 
Antonio, Texas); Section secretaries, 

S. M. Sharp (Dallas, Texas); J. S. 
Waters (Houston, Texas); K M. Ryan 
(Kansas City, Mo.); C. E. Bathe (Oklar 
homa City, Olda.); C. H. Lankford 
(St. Louis,Mo.); acting Section secretary, 
I. A. Uhr (San .^tonio, Texas); chai]> 
man of District committee on student 
activities, P. G. Tappan (Norman, 
Okla.). 

In selecting a member to represent 
this District on the national nominating 
committee, 0. T. Almquist (Norman, 
Okla.) was declared elected. A motion 
that Mr. Almquisi go uninstructed was 
carried. G. A. Mills (Dallas, Texas) was 
nominated as candidate for the office of 
vice-president from the South West 
District to be voted upon at the coming 
spring election of officers. The following 
four additional members of the coor¬ 
dinating committee were elected: George 
Fiske (Kansas City, Mo.); S. M. Sharp 
(Dallas, Texas); C. H. Lankford (St: 
Louis, Mo.); and £. M. Wise (Houston, 
Texas). Also to serve on this committee 
W. L.TJpson (St. Louis, Mo.) was elected 
from the student counselors. 

Other matters of interest to the Dis¬ 
trict were discussed, inoludifig the date 
iCnd location of the next District meeting. 
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In the meeting of student counselors 
and student Branch chairmen, F. G. 
Tappen (Norman, Okla.) was elected to 
succeed W. P. Weinbaoh (Columbia, Mo.) 
as chairman of the District committee on 
student activities. 


Directors Meet 
at Kansas City 

A regular meeting of the Institute’s 
board of directors was held at the Elansas 
City (Mo.) Athletic Club, Friday, Octo¬ 
ber 23,1931, Present were: President — 
C. E. Skinner, East Pittsburgh, Pa. 
7ics-Frs«idente—H. P. Charlesworth, 
New York, N. Y.; W. B. Freeman, 
Lexington, Ky.; W. B. Kouwenhoven, 
Baltimore, Md.; T. N. Lacy, Detroit, 
Mich.; P. H. Patton, Omaha, Neb.; 
G. C. Shaad, Lawrence, Kans. Directors 
—^A. E. Bettis, Kansas City, Mo.; B. D. 
Hull, Dallas, Tex.; J. E. Kearns, Chicago, 
Ill.; A. M. MacCutoheon, Cleveland, 
Ohio. National Secretary —^F. L. Hutch¬ 
inson, New York, N. Y. 

The minutes of the directors’ meeting 
of August 4,1931, were approved. 

A minute in memory of Thomas A. 
Edison was adopted, (This minute was 
published in the November issue of 
Elsoteical Enoinbbbino, p. 907.) 

The board ratified actions taken by the 
executive committee, under date of 
September 28, 1931, on 46 applications 
for admission to the grade of Associate 
and five to the grade of Member; three 
for transfer to the grade of Member, and 
35 for Student enrolment. 

Reports of meetings of the board of 
examiners held September 23 and Octo¬ 
ber 20, 1931, were presented and ap¬ 
proved; upon the recommendation of 
that board, the following actions were 
taken on pending applications: 276 
Students were enrolled; 59 applicants 
were elected to the grade of Associate 
and 12 to the grade of Member; 28 
applicants were transferred to the grade 
of Member and two to the grade of 
Fellow. 

Approval by the finance committee for 
payment of monthly bills amounting to 
$36,170.11 was ratified. 

Upon the recommendation of the 
finance committee it was decided, because 
of present economic conditions, to omit 
the publication of a year book for 1932, 
and to suspend until further notice, 
paymeht of traveling expenses to provide 
for the Sections occasional addresses by 
prominent Institute members designated 
as “Institute lecturers.” 

A budget for the appropriation year of 
the Institute beginning October 1, 1931, 
sqbmitted by the finance committee, was 
adopted. 


Upon request of the executive com¬ 
mittee of the North Eastern District, the 
board approved the dates May 4-7 for 
the 1932 Distiiot meeting to He held at 
Providence, R. I. 

The following actions were taken upon 
the recommendation of the standards 
committee: “Standards for l^Xetal Tank 
Mercury Arc Rectifiers’’ prepared by the 
sectional committee ou mercury arc 
rectifiers, for which the Institute is sole 
sponsor, approved for submitting to the 
American Standards Association for 
approval as a tentative standard; a 
revision of paragraph 13-250 oi* A,LB.E.' 
Standard No. 13, “Transfoiitters, In&uc- 
tion Regulators and Reactors,’’ appro^d 
for submitting to the Electrical Sta^Uariks 
Committee with the recommendation 
that it be incorporated in the revision of 
Standard No. 13 already submitted to 
that body. 

Amendments to the by-laws were 
adopted canceling the name “Meetings 
and Papers Committee’’ wherever they 
occur in the by-laws and substituting 
“Technical Program Committee,” and 
canceling the name “Law Committee” 
and substituting “Committee on Consti¬ 
tution and By-Laws.” 

Section 71 of the by-laws, relating to 
the functions of the law committee, was 
canceled and the following was substi¬ 
tuted: 

Sec. 71. The committee on constitution and 
b 7 - 4 a'W 8 shall consist of five members and shall 
consider all matters rdating to the constitution 
and by-laws of the Institute, including the legal 
status in connection therewith, also all other 
matters referred to It by the board of directors, 
the president, or the national secretary. The 
committee shall make reports and recommenda¬ 
tions to the board of directors for action thereon 
and may consult legal and technical counsel 
with reference to any question before it. 

A new seotiou of the by-laws was 
a dopted, as follows: 

Sec.—^Tbe committee on legislation affecting 
the engineering profession shall consist f 
fifteen members. It ^all consider all matters 
relating to Avigting or proposed legislation which 
has an engineering content, and wlfich conAorno' 
the welfare of the public or the practise of 
professional engineering. The committee shall 
also consider and report upon all other matters 
referred to it by the board of directors, tho 
president, or the national secretary, and may 
consult legal counsd with reference to any 
question before It. 

Upon the recommendation of the 
committee on economic status of the 
engineer a resolution was adopted urging 
Institute Sections to cooperate with otl^er 
local groups of engineers in the organizar 
tion of an engineers’ unemployment relief 
committee in each community. 

In accordance with the constitution and 
by-laws, the following five membefrs of 
the board of directors were selected to^ 
serve on the national nominating com¬ 
mittee: A. B. Cooper, B. D. H^, W. B. 
Kouwenhoven, A. M.*M£cCutcheon, and 
0. fil. Stephens* 
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The bo£trd confirmed the appointment 
by the president of P. M. Lincoln as a 
member of the Lamme Medid committee 
to fill a vacancy* 

P* D, Newbury was reappointed a 
representative of the Institute on the 
Standards council of the American 
Standards Association for the three-year 
term beginning January 1, 1932; and 
H. H. Henline, A, M. MaoCutoheon, and 
H. S. Osborne were appointed alternates 
for the year 1932. H. S. Osborne was 
appointed to act as alternate for any of 
the A.I.E.E. representatives on the 
®lectri<ial Standards Committee. V. J. P. 
Brai^ chief electrical engineer. Depart- 
meat of Public Works, Sydney, N.S.W., 
was a'l^ointed local honorary secretary 
of th^ Institute for Australia, to succeed 
H. W. Plashman, who is no longer located 
in Australia. 

The following resolution was adopted in 
appreciation of the fourth gift to Engi- 
neeijng Foundation by Ambrose Swasey: 

WasnsAS. Dr. Ambrose Swasoy, Honorary 
Member of the has recently presented 

an additional fund of $250,000 to Enfftneerlng 


Foundation, whicn waa founded in 1015 as a 
result of his vision and leadership, and to which 
h has now ontributed a total of three-quarters 
of a million dollars for **tbe furtherance of^ 
research in science and engineering, or the 
advancement in any other manner of the pro¬ 
fession of engineering* and thegood of mankind." 
be it therefore 

Bbboi.vbd: That the board of directors of the 
American Institute of Electrical Engineers 
hereby expresses its deepest appreciation of 
Doctor Swasey's recant gift, a generous provi¬ 
sion for the extension of the activities of the 
Foondatlon. and an admirable expression of his 
continuing faith In the Importance of its accom¬ 
plishments as well as its promise of even more 
important futuro contributions to the develop¬ 
ment of sdenco and engineering. 

The following resolution was adopted: 

Rbsolvbd : That the board of directors hereby 
expresses its hearty appreciation of the effective 
services of the members of the District Meeting 
committee and its various subcommittees in 
arranging and carrying out. with gratifsring 
success, the plans for the South West Dlstiiot 
meeting held in Kansas City. October 22-24, 
1981. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of Electrical Enqinbbrino. 


Unemployment Relief 
Plans Well Under Way 


THE following resolution, recommended 
by the A.LE.E, committee on the 
economic status of the engineer, was 
unaninjpusly adopted by the board of 
directors of the Institute at a meeting 
held in l^ansas City, Mo., Oct* 23, 1931: 

Wbbebas, it is desirable that the Institute 
cooperate In every movoment that is already in 
progress to promote employment, and also to 
initiate within local communities a program tiiat 
will contribute toward the relief of unemployed 
engineers: 

Bbbolvbd: That this board recommends that 
each- Section formulate and carry out a plan 
embodying substantially the following features: 
, l.-««The organization in each locality of a 
committee of engineers, preferably composed of 
representatives of all the engineering groups in 
K the community. 

2. Th£ committee to collect and admlnistor 
funds for purposes of loans and remimeratloa to 
deserving imomployed engineers. 

5. A survey of the local engineers who are 
unemployed and in need of relief. 

4. A survey of local opportunities for con¬ 
structive work or employment, in Which there 
may be utilized the services of the much larger 
group of unemployed, in addition to engineers; 
supported through the use of the community 
unemployment fund. 

6. The preparation by the committee, by the 
aid of unemployed engineers as far as practi¬ 
cable, of en^oering analyses, estimates, and 
organisatioii requirements for sudi projects or 
work $8 the committee may endorse. 

* 6. A forceful presentation by the enghieeni* 
committee of these projects to those in charge 
of the local ^vfc ty^employment activities, and 
the enlistment of thei? approval and ffnanclal 
* suppqgt in promptly getting work started., 
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7. In carrying out the plan, oacli local 
Section of tho Insbituto should work in dose 
cooperation with local Seetdoos of other national 
sodeties and with other local enginoering 
groups: and, also, the general engineers' com- 
mlttoo 80 organized shotild work in close coopera¬ 
tion with other local civic rdiof organizations. 

8. In order that this plan shall be effective, 
it is essential that the local engineers' committees 
be carefully organized. A suggestion for such 
an engineers' unemployment committee is that 
it include some of the unemployed engineers, 
some good solicitors of funds, some good search¬ 
ers for jobs, and some good organizers and 
administrators: and it is recommended that each 
committee have a dudrman, a viceHShairman, a 
secretary, and treasurer, an executive committee 
to coordinate the wewk, a committee to adminis¬ 
ter tho funds, make loans, arrange for remunera¬ 
tion to some of the unemployed engineers, etc,, 
etc. 

9. Each Institute Section is requested to 
keep tho national committee on economic status 
of the engineer, advised, through national 
headquarters In New York, as to progress and 
results obtained. The national committee, in 
turn, will endeavor to be of such, idd as may bo 
foasiblo. 

It is the hope of the board that each 
Section will proceed, by cooperation with 
other sections of natioxxid societies and 
local engineering societies, if any, to 
organize in each oommunity a single 
engineers’ nnemployment relief com¬ 
mittee in accordance with the plan as 
outlined in ^e resolutions. To be etteor 
tive, this prog^m in behalf of unemployed 
engmeers should be taken up vigorously 
and ait once. Cities already organized 


in substantial accord mth this resolufi^^n 
include Boston, Mass.; Chicago, lU.; 
San IVancisoo, Calif.; and Toledo, Ohio. 

In the metropolitan area of New York 
City, the American Society^of Civil 
Engineers instigated activities to relieve 
unemployment. The Professionsd Engi¬ 
neers Committee on Unemplojhnent 
Relief then was formed on the proposal of 
the A.S.C.E. that the four Founder 
Societies form a joint body to cope with 
the acute situation resulting from the. 
large numbers of persona involved in 
that section. 

The function of this committee is to 
find employment for professional engi¬ 
neers and to give financial aid to those 
actually in need. It is headed by H. deB. 
Parsons as chairman, and functions 
through an executive committee of which 
J. P. H. Perry is chairman, a financial 
committee with H. A. Kidder (P*29) as 
chairman, and a relief committee under 
the chairmanship of G. L. Lucas. Head¬ 
quarters are iu the Engineering Societies 
Building at 29 West 39th Street. Many 
members of the four engineering societies 
concerned are giving their personal time 
to the various phases of activity. Funds 
are being solicited for immediate relief 
and members are asked to help locate 
work for those still^unemployed. A mass 
meeting attended by more than 800 engi¬ 
neers was held November 9 to acquaint 
members with the details of the plan and 
to inspire immediate action. 


Faraday Centenary 
Meeting Well Attended 

The memory of Michael Faraday was 
honored at a meeting held in the audi¬ 
torium of the Engineering Societies 
Building, New York, N. Y., November 
18, 1931. This meeting was under the 
auspices of the New York Museum of 
Science and Industry aUd was attended 
by about 700 persons. 

Frederic B. Pratt, president of tho 
museum, opened the meeting and called 
upon Dr. F. B. Jewett (F’12) to preside. 
Addresses were given by Prof, D. 0. 
Jackson (F’12) head of the electrical 
engineering department of the Massa¬ 
chusetts Institute of Technology and 
Dr. Blihu Thomson (P’13-HM’28) direc¬ 
tor of research of the Thomson Laborar 
toties of the General Eleotrio Compan^r. 
The subject of these addresses was the 
life and work of Michael Faraday.. The 
meeting was arranged by the Faraday 
centenary committee of the museum, 
which consists of F. B. Jewett, ohiunmm, 
G. P. Kunz, L. F. Loree, F. B. ,Pratt, 
C. W. Riee (F’12) C. R. Richards (M’24) 
M. 8. Sloan'* (F’30) Frank A. VanderHp, 
and Felix M. Warburg, 
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Mercury Arc Rectifiers 

At tho October 6th meeting of the 
A.I.hl.E. standards committee, the report 
of the sectional committee on mercury arc 
rectifiers was received. This sectional 
committee, working under the rules of 
procedure of the American Standards 
Association and sponsored by the Insti¬ 
tute, points out in its report that it 
appeared unwise to attempt to formulate 
rigid standards at this time. 

After designs become fixed and greater 
operating experience is obtained, stand¬ 
ards of a more rigid character will be 
made. The sectional committee found 
it necessary also to depart from the 
original set scope, and to confine its 
attention to metal tank rectifiers. There 
was no evident demand for standards for 
other types. The standards committee 
recommended to the board of directors 
the approval of the Institute as sponsor 
of the report. This approval was given 
on October 23, 1931. Upon final ap¬ 
proval by the American Standards Asso¬ 
ciation, this standard will become 
available in pamphlet form. Due notice 
will be given in a later issue of Electrical 
Ekqineerinq. 


Sound Measurement 
Committee Authorized 

Following the Symposium on Noise 
presented at the A.I.E.E. North Eastern 
District meeting, Rochester, N. Y., April 
29-May 2, 1931, recommendations were 
made to the board of directors that an 
Institute committee be appointed to 
cooperate with existing similar com¬ 
mittees of several other organizations to 
develop uniform and practical stand^ds 
for noise measurement. The matter was 
referred to the standards committee and 
at its October 6th meeting Chairman 
MaoOutchoon was authorized to appoint 
the necessary contacting committee. 
Completion of the committee personnel is 
expected shortly, when work will get 
under way. 


ol Lightins 
C d Under Revision 

The. niuminatiDg Engineering Society 
has just issued in reprint fonn a revision 
of Jlhe Code of Lighting Schdol Buildings 
{irepared under the joint sponsorship of 
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the Illuminating Engineering Society and 
the American Institute of ^chitects and 
adopted June 16, 1924, as an American 
standard under the procedime of the 
American Standards Association. 

In this proposed new edition the pri¬ 
mary piirpose has been to establish 
criteria of good illumination for the 
guidance of architects, engineers, school 
officials, and others interested in the 
conservation of children’s vision and the 
well-being and efficiency of both pupils 
and teachers. 

This revision is now subject to approval 
by the sectional committee, the sponsors, 
and the American Standards Association, 
after which it will become available in 
pamphlet form. Inquiries and suggest- 
tions should be addressed to American 
Standards Association, 29 West 39th 
Street, New York, N. Y. 


FouoJalioii 


Progress Discussed 
at Recent Meeting 

The October 22nd, 1931 meeting of The 
Engineering Foundation has been charac¬ 
terized as one of the most progressive yet 
held. A study of the present industrial 
system, as proposed by H. V. Coes of 
The American Society of Mechanical 
Engineers, the research activities and 
procedures of the Founder societies, and 
a new statement of the policy and pro¬ 
gram of the Foundation, were the 
principal subjects of the evening.^ 

Two new members were announced: 
G. W. Puller, consulting engineer. New 
York, N. Y., nominated by the American 
Society of Civil Engineers to succeed 
W. H.Burr, resigned; and G. G. Crawford, 
president of the Jones & Laughlin Steel 
Corporation, member^t-large, to succeed 
Alva C. Dinkey (A’97) deceased. 

By invitation two members of each 
Founder society’s main research com¬ 
mittee discussed with the Foundation 
board a proposal made to the Foundation 
by the endowment methods committee 
of the United Engineering Trustees, for 
the establishment of a research procedure 
committee to add the Foundation in 
ascertaining the research needs of the 
Founder societies and in making the best 
use of available resources for aiding the 
research activities of these societies. 
There were present from the dvil engi¬ 
neers committee, Chaiiman C. T. Morris, 
professor of structural engineering, Ohio 
State University, Columbus, Ohio, and 


T. Merriman, chief engineer, Board of 
Water Supply, New York, N. Y.; from the 
mining engineers, F. P. Colcord, vice- 
president U.S.S. Lead Refinery, Inc. and 
P. E. Pierce, consulting engineer, New 
York, N. Y.; from the mechanical engi¬ 
neers, A. D. Bailey, superintendent of 
generating stations. Commonwealth 
Edison Company, Chicago, III., W. H. 
Pulweiler, chemical engineer, United Gas 
Improvement Company, Philadelphia, 
Pa., and C. B. Le Page, secretary of the 
committee; from the electrical engineers, 
H. D. Arnold (P’29) director o^f research,^ 
Bell Telephone Laboratories, i^Iew York,'‘ 
N. Y., and L. W. Chubb (P’21) director of 
Westinghouse Research Labor|ttories, 
Pittsburgh, Pa. ^ ^ 

Interesting differences in the research 
policies, needs, methods and activities of 
the societies were brought out by the 
members of their respective committees. 
After discussion, there was endorsed 
unanimously the proposal for a research 
procedure committee attached to the 
Foundation, this committee to include 
one member from each Founder society 
annually selected from, or designated by, 
its main research committee, with two 
members from the Foundation board. 
The recommendation has been submitted 
to the boards of the Founder societies. 
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A.E.C. Plans 
Unemployment Relief 

Plans to mobnize the nation’s engiifeers 
behind President Hoover’s program to 
end the depression were ^annoiffioed 
recently by the American Engineering 
Coimcil. The Council will work with* 
the relief organization already sethp under 
the leadership of W. S. Gifford (A* 16) pres¬ 
ident of the American Telephone and 
Telegraph Company, with an aim toward 
not only promoting emergency measures 
but also toward the development of sound, 
permanent 6 mplo 3 mi 6 nt policies through¬ 
out American industry. 

A national committee has been ap¬ 
pointed by the Council to direct the 
engineering efforts which will be carried 
out in detail by additional committees be¬ 
ing named in each state. F. J. Cliester- 
man (F’22) vice-president and g^eral 
manager, The Bell Telephone Company 
of Pennsylvania, PittsJ^iiigh,^ Pa., has 
been named chairmai^ of the national^ 
committee with other members fis * 
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Gen. R. C. Marshall, Jr. (M'19) vice- 
president in charge, B-W Construction 
Companye, New York, N. Y. (in charge of 
construction division of the War Depart^ 
juent during the World War); E. K. Ruth, 
American Oak Leather Company, Cin¬ 
cinnati, Ohio; W. R. Webster, Bridgeport 
Brass Company, Bridgeport, Conn.; and 
L. W. Wallace, executive secret^, 
American Engineering Council, Washing¬ 
ton, D.C. 

In^a number of states, committees are 
already at work under the following 
<»ehairmen:'^ C. E. Rose (A^27) Little 
Rock, !krk.; y. C. Carstarphen, Denver, 
Cojo.; Henry Robinson Buck, Hartford, 
Conn?\ R. W. Prince, (M’30) Dist. of 
Columbia; Melvin Price, Gainesville, 
Fla.; R. F. Schuchardt (F*12 and past- 
president) Chicago, Ill.; Prank D. Paine, 
Ames, Iowa; Carl Schneider, New Orleans 
La.; Paul Cloke (M*13) Orono, Maine; 

P, A. AUner (M’14) Baltimore, Md.; 

J. t>. Hallihan, Detroit, Mich.; Paul 
Doty (M’12) St. Paul, Minn.; W. M. 
Cobleigh, Bozeman, Mont.; O. J. Fergu¬ 
son (P*13) Lincoln, Neb.; George W. 
Cas , Durham, N. H.; C. A. Mees, 
Charlotte, N. C.; D. C. Henny, Portland, 
Ore.; P. P. Sehauer, Pittsburgh, Pa.; 
R. W. Herrick (A'28) Providence, R. I.; 

J. A. McPherson, Greenville, S. C.; 
Mark Eldredge (M'20) Memphis, Tenn.; 
George A. Reed, Montpelier, Vt.; E. B. 
Norris, Blacksburg, Va.; and Joseph 
Jacobs, Seattle, Wa^. Additional state 
chairmen are: G. M. Butler, Tucson, 
Ariz.; H. W. Hitchcock (M’27) Los 
Angeles, Calif.; R. A. Seaton, Manhattan, 
Kansas; Col. E. M. Stay ton, Indepen¬ 
dence, Mo.; L. J. Bevan, Montclair, N. J. 

Definite Plans Made 

In a recent report by the committee it 
was stated most emphatically that **the 
inujiediato answer for unemployment is 
jobs; , . . the spreading of man-hours 
jis t^ie most essential expedient for sta¬ 
bilizing employment that can be sug¬ 
gested at the present time; . . . plans 
should „ be started immediately. . « 
toward lightening the conseciuenees of 
any further or future unemployment.’’ 
In line with these stipulations, tiie com¬ 
mittee outlined a comprehensive program 
under which engineers individually and 
collectively can develop helpful measures 
of correction by carefully studying the 
problem in their respective emplosrment 
areas. 

It is planned to place special emphasis 
on the study of all proposed or active 
govQjnunent projects, and to inform the 
public or take other action to insure 
‘^construction being carried out properly 
ftjid expeditiously. Attention will be 
devoted •also. to ^hc dev^opment of a 
future plan tg assist in stabilizing 
indSatry. 

December 4931 . 


Board of A.E.C 
H Ids Fall Meeting 

The fall meeting of the administrative 
board of the American Engineering 
Council held in Washington, D. C., 
October 30-31,1931, devoted the full two 
days to a discussion of numerous problems 
important to the engineering profession. 
Among these matters, the progress report 
of the public affairs subcommittee was 
presented. The committee is of the 
opinion that there is urgent need for a 
general survey of conditions surrounding 
the transportation of persons and of 
property in interstate commerce. This 
survey has been proposed by congres¬ 
sional legislation. It is felt that this 
investigation should be made not by the 
Interstate Commerce Commission alone 
but by a body consisting also of men 
prominent in the government, and federal 
reserve system, as well as by representa¬ 
tives of railroads and shippers. 

The administrative board adopted a 
policy relative to legislation concerning 
rivers and harbors, to the effect that 
legislation on ^1 unapproved projects 
should be checked and reported to the 
committee of public affairs which would 
determine what action should be taken. • 


Letters to tbe 


Mr. Edison’s 
Greatest Work 

To the Editor: 

“A filament of carbon of high resistance 
enclosed In a vacuum bulb hermetically sealed— 
the basis of his first demonstration in 1870 and 
of the foundation patent in 1880—idth the 
collateral centaral station developments, around 
t hese ■will finally be wrltsten the Edisnn saga, for, 
regardless of the importance of his other inven¬ 
tions, the development omd mastery of electric 
by Incandescence was Mr, Edison’s 
most dramatic and difficult work, and Its 
influence upon the modem electric age his moat 
far-reaching one. 

Ho did not originate the broad Idea of parallel 
circuit distribution, or of getting light from an 
incandescent filament and enclosing it in a 
container, or even the use of carbon, but ho was 
without question the creator of that type of 
construction which made possible his Ideals of 
an individuality of use analogous to that pro- 
Tlded In the existing gas, water and steam 
systems. To that objective he (dung with 
extraordinary tenacity and courage over a long 
poiiod beset with many failures and innumerable 
difficulties, and in the face of ridicule and a 
nearly unanimous opinion that the end ho sought 
was unattainable. 

As a Juror at the Crystal Palace Exhibition in 
Suydenham in 1882, and In charge of special 
tests, I had an exception^ opportunity for 
first-hand knowledg , and my conclusions were 
voiced in a report made to "the XT. 8, Navy 
Department in 1883, in the following words: 


The board also voted to form a special 
cominittee to (consider the intelligent 
integration of industry with agriculture 
not only as an emergency measure, but aJs(? 
as a possibility for future advancement. 


St. Lawrence 
Project Reviewed 

At its meeting, January 1931, American 
Engineering Council voted to appoint a 
committee to review the economic aspects 
of the report of the Institute of Economics, 
made by H. G. Moulton, C. S. Morgan, 
and A. L. Lee and entitled “The St. 
Lawrence Navigation and Power Pro¬ 
ject.” C. B. Qrunsky, Jr. and E. L. 
Grunsky were selected to undertake this 
work. 

In this latter report which has just been 
rendered to American Engineering Coun¬ 
cil, Messrs. Grunsky found a number of 
instances in which they questioned the 
Gonclusions of the authors of the book. 

A copy of the report prepared by C. B. 
Grunsky, Jr. and E. L. Grunsky may be 
had upon application to American Engi¬ 
neering Council* 


Editor 


**ln the matter of maldiig the tranemtesion of 
light and power a praettoal success, in bringing 
it homo to every-day domestic ewnomy, 
Mr. Edison, without doubt, bas done more than 
all oth^, and while his system is by no means 
yet perfect it is unquestionably far ahead of 
the work of anyone else.” 

Mr. Edison was tbe apostle of a universal 
direct-current supply from central stations at 
moderate potentials, despite the> ine'vitahle 
limitations, and his individual work in the 
lighting field, which was his main objective. 
practi(»]ly reached its climax in the middle 
*80’8, when he announced his intention to 
devriop ”a new crop of inventions,” and in 
1888 resumed work on the phonograph. Invented 
some nine years earllfflf. A year later his 
electric enterprises were consolidated in the 
Edison (Steneral Electric Company, “with 
resultant transfn: of m(wt of his responslbiHties. 

But already the great advances of the suc¬ 
ceeding decade, collateral indeed but made by 
other men, had been initiated and were in full 
swing. The constant speed industrial motor 
had been adopted by the Edison Companies in 
1885, and the pioneer work at Richmond had 
laid the foundation of the modem electric 
railway. The advent of the sin^e and multi¬ 
phase alternating circuit systems of tra nsmi ssion 
and conversion of energy at high potential had 
made possible tbe utilization of water powers, 
and with the later dovelopment of the steam 
turbine laid the only possible foundatipn of the 
great modmli power plants. Boon came also 
multiple unit train control, vital to mass move¬ 
ments by electricity. ^ • 

Carbon has now been replaced by its predeoes- 
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s^rTth metallic the vacuum, although 

It must first be got, is no longer a oonttnuing 
essential; the gas lamp has opened new vistas 
of economy: and th altemating-ourrent system 
lias come into its own. But whatever the 
developments in the electric art and however 
wide the <!bparture8 in practise, the vital fact 
remains that Mr. Bdison established the first 
real central station for the general distribution 
of electricity, and his name has become a symbol 
for fertility of invention and untiring activity, 
with results which have made the world forever 
bis debtor. He has indeed lighted the world. 

Very truly yours. 

FRANK J. SPRAGUS (F'12) 
(Past-President of the AXB.E. 
President, Sprague Safety Control 
& Signal Oorp.. New York, N. Y.) 


Ensineering 
Progesfr-1731-1931 

To the Editon 

Complying with the Engineering Foimdation 
desire for englnecos* comments on the article on 
**Engineerlng Progress 1731-1931,** I would like 
to say that I think Martin J. InsuU in Ids 
contribution in your September issue has 
br light up a subject of exceptional importance. 

All engineers are convinced that engineering 
knowledge and skill In the aggregate has been 
of greatest benefit to Mankind. On the other 
hand, there are some dianges which resulted 
from engineering achievements and their 
application that produced quite opposite re¬ 
sults. Chief amongst these. In my opinion, has 
been th shrinkage in si^ and commercial 
activity of smaU towns. 

There is. I believe, no question that small 
towns having populations of from 8,000 to 
7,600 people form ideal social, politioBtl, and 
industrial units. That many such towns have 
reduced Imporbance and even less population 
today (as a result of massing of manufacture in 
large cities) is imlnfuUy evident. 

If Mr. insull and his afiOliated Interest and 
several larg manufactuting organizations could 
work together and demonstrate that Mr. Insull 
is right as to the possibility and practicability 
of deoentralizing much of our congested manu¬ 
facturing by distributing it into present or new 
towns of ideal size and location It would, in my 
opinion, be of tremendous value to all people. 

Of course Mr. Insull Is right when he says 
that under present conditions power can be 
delivered in any desired amount practically 
anywhere one would care to develop a town. 
By working with several large manufacturiDg 
corporations such towns could be established 
any desired distance apart. If only five or ten 
miles apart, much of the extra overhead expense 
of superintendence of a small plant need not be 
appreciably more than in larger plants, for 
many of their superintendents easily could take 
care of four or five small plants so located if they 
all h^onged to one corporation. By having in 
each town plants btfonging to two or more 
corporations the diversified industry that is so 
desirable would exist in eadh. 

Ih mwy cases, by such cooperative effort, 
old tOmis could bo brous^t back and above their 
old standing; but my recommendation would 
be to bhild in most cases entirely new and 
modem towns. If skill were used in finding the 
best and most attractive locations they could 
be dev^opM into aomething fdr more attractive 
than the present average town. 

'VVhen one sees the Immense difference be¬ 
tween the average smatt town and the few ideal 
towns we now have' (for instance Dalton, Mass, 
as bi^t up by the Orane famOy around their 
pape^ mills) It is easy to ^ that s&cess will be 
mbjee certain if carried out with **whole doth.** 
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Assuming the present average power oou- 
somption to be about 4 kw. per employee In 
manufacturing plants, there would be required In 
a town of 5.000 people, 2.000 of which were work¬ 
ing In its factories, some 10,000 kw. of trans¬ 
former capacity, including domestic require¬ 
ments. This is enough power to be economical 
in cost of equipment even if the supply is taken 
direct from 110-kv. or even 220-kv. transmis¬ 
sion lines. If the cost wore considered too great 
at 220 kv., then substations of 20,000-kw. ca¬ 
pacity could be used by placing them midway 
between towns and the power be distributed at 
from 2.4 to 6.6 kv. to towns on either side. 

A little progress has been made already, as 
we all know, in decentralization of manufacture, 
but the progress is likely to continue to be slow 
unless some competent central body skillfully 
directs the movement. 

I think it would be highly desirable therefore, 
for the Engineering Foundation to appoint a 
special committee to study Mr. InsuU’s propo¬ 
sition and show what great things could be 
accomplished by such an effort. 

A oommittee representing the utilities com¬ 
panies the large manufacturing interests and the 
architects would seem to be what is needed. 

What greater gift could this generation of 
engineers present to the generations that are to 
follow, than to arrange so that some ten million 
or more, who imder present practice are doomed 
to live and work in the congestion of great cities, 
could work and live in some one of 2,000 such 
new and delightful small towns. 

Very truly yours, 

WALTER S. MOODY (A*06. F’12) 
(Oonsultlng Engineer, Trans¬ 
former Departments. General 
Electric Company, Pittsfidd, 
Mass.) 
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Doctor Whitehead 
to be Awarded Medal 

John Boswell Whitehead (A’OO- 
F12 and Idfe Member) professor of 
electrical engmeermg and dean of the 
faculty of engineering, The Johns Hop¬ 
kins Universi^, Baltimore, Md., is to 
receive the Elliott Cresson Gold Medal 
to be awarded by the Fnuiklin Institute 
on May 18, 1932. This medal is to be 
confeir^ ^*in consideration of his many 
original investigations of dielectric be¬ 
havior and allied subjects.” The Journal 
of the Franklin InatitiUe gives the basis 
of this award as follows: 

**This medal is awarded for discovery 
or original research, adding to the sum of 
human knowledge irrespective of com¬ 
mercial value; leading and praotioal 
utilizations of discovery; and invention, 
methods or products embodying sub¬ 
stantial elements or leadership in their 
respeotiye classes, or unusual skill or 
perfection in wor^ansbip.” 

The parrioular work which ties back 
of this award is the great amount of 
research which Doctor Whitehead has 
carried on during the past eight or ten 
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years in the field of the fundailiental 
properties of dielectrics as related to the 
behavior of insulating materials. This 
has covered gaseous ionization in lami¬ 
nated insulation, dielectric absorption in 
simple and oomplex materials, prop^^es 
of liquid dielectrics, particularly the 
insulatiDg oils, and the relation of these 
properties to the behavior of impreg¬ 
nated paper as used for high voltage 
cables. Responsible in a large measure 
for the advances made is the development 
of experimental methods for measuring 
the charge and discharge currents of 
dieleotrios under continuous potential for 
very short intervals of time following the 
application of voltage. These continuous 
voltage measurements have been cot- 
related with alternating measurements 
so that from the measurements of short 
time continuous voltage, the behavior of 
dielectrics under stress may be pi^dicted 
oompletely as regards dieleotrio loss, 
power factor, and oapaoitanoe. 

Doctor Whitehead has been active in 
Institute affairs for many years. He 
was the founder of the Baltimore Section 
and for nineteen years served as its chair¬ 
man. From 1924 to 1928 he was a 
member of the board of directors of the 
Institute. He has served as chainuan of 
the electrophysios oommittee 1912-1916, 
ohainnaa of the research oommlEtee* 
1923-1927, and at various times as a 
member of committees on research, 
eleotrophysies, electrochemistry,'^de of 
principles of professional conduct, edu¬ 
cation, technical activities, and others. 
Since its inception he has been identified 
with the work of the committee on re¬ 
search. 

The Institute selected him as its repre¬ 
sentative on the division of engineering 
and industrial research of the National 
Research Council, and as its delegate to 
the Conference Internationale des Grand 
Reseaux Eleotriques, Paris, France, 1927. 
In connection with the former he served 
as ohainnan of the oommittee on dectfioalo 
insulation* 

Practically every year si^oe 1910 
Doctor Whitehead haS |iraented to the 
Institute one or more papers the aiQ;re- 
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gate of these numbering thirty-two. The 
Institute publioations have been practi¬ 
cally the sole medium of publication for 
his work. 

Doctor Whitehead is a Fellow of the 
AmdHean Physical Societyi and a Mem¬ 
ber of the Society for the Promotion of 
Engineering Education, the National 
Institute of Social Sciences, the Societe 
Francaise des Electriciens, and the 
National Research Council. He was 
exchange professor to France 1926-1927. 
Honors awarded him include the Edward 
Longstreth Medal of the Franklin Insti¬ 
tute, 1917, the Triennial Prize of the 
Institute Elektrotechnique Montefiore 
Liege, Belgium, 1922 and 1925, and the 
medal of honor of the University of 
Nancy, Prance, 1927. 


Calvin W. Rice 
Honored by A.S.M.E. 

A ceremonial to be given prominence on 
the program of the annual dinner of the 
American Society of Mechanical Engi- 
neei:3 to be held on the evening of 
Wednesday, December 2, 1931, will be 
the bestowal of honorary membership in 
the society upon its secretary Calvin W. 
Rice (P’12), who for the past twenty-five 
'years has worked with untiring diligence 
for its advancement both nationally and 
internationally, professionally, edxica- 
tionaUy, and civically. His achievements 
ace too well known to require detailed 
delineation here. For these achievements 
and because he is considered by his 
oonfr^^s to typify the finest attributes of 
the engineer, Doctor Rice has been chosen 
for honorary membership in this organiza¬ 
tion. The address of presentation will be 
ma^e by Dr. Karl T. Compton, president 
of Massachusetts Institute of Tech¬ 
nology, Doctor Rice’s alma mater. 
Dr. William F. Durand (M’20) past- 
president of the A.S.M.B. will preside 
over the e*v^nts ofi th^ evening, auspicious 
•in the history o& the organization and 
inolu3uig*tl^e bestowal of^four fiO-year 
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Badges of Tonor upon other veteran ^ 
members of the Society. 




W. H. Sawyeh (F*13) recently elected 
chairman of the executive committee of 
the Iowa Public Service Company, Sioux 
City Gas & Electric Company, and the 
Sioux City Service Company, will devote 
a portion of his time to active supervision 
of these properties, but will continue his 
consultant and sponsorship activities at 
his New York office, 120 Broadway. 


W. N. Clark (A’05) vice-president and 
general manager of the Southern Colorado 
Power Company, Pueblo, Colo, has now 
been elected its president. His vice¬ 
presidency dates from 1924, and his work 
was instrumental in bringing together into 
one organization four of the leading 
electric companies in the Cripple Creek 
mining district. 


C. G. JoNBS (M*I8) has been acting as 
inductive heating engineer for Westing- 
house Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pa., but recently 
has resigned to become specitd engineer 
for the Youngstown Sheet and Tube 
Company, Youngstown, Ohio. 


P. Trombbtta (A*21) on the first of 
October resigned from the research 
laboratory of the A. O. Smith Corporation 
of Milwaukee, Wis., to organize The 
Solenoid Company for the manufacture 
of electrical machinery and protective 
devices of divers types. 


F. A. Kolstbb (M’19) formerly chief 
research engineer for the Pedewd Tele¬ 
graph Company, Palo Alto, Calif., 
removed recently to New York, N. Y., 
where he will assume new duties with the 
International Communication Laboror 
tories, Inc. 


P, R. Faiirow (A’07) who prior to 
November 16,1931 was resident engineer 
for the Kaministiquia Power Company, 
Ltd., Kakabeka Falls, Out., Can., now is 
manager of operations for the Ontario 
Power Service Corporation, Praserdale, 
Out., Can. 


C. B. Baxtbb (A’22) telegraph and 
telephone engineer of the New York 
Central Railroad Company, Grand Cen¬ 
tral Station, New York, N. Y., has 
removed to Detroit, Michigan, to con¬ 
tinue these services for the company 
there. 


R. H. Ballocc (A’&6) manufaetuAi? 
representative of the Central Station 
Equipment, Tacoma, Wash., entered the 
government’s employ and is senior engi-' 
neering draftsman in the Navy^ Depart¬ 
ment, Bureau of Engineering, Washington 
D, C. 


W. R. SwoisH (A’29) who has been 
salesman in the central station section of 
the Westinghouse Electric and Manufac¬ 
turing Company, Buffalo office, has been 
transferred to the distribution trans¬ 
fer ner section, Sharon, Pa., as manager* 


N. D. Russell (A*24) who has been 
performing the duties of superintendent 
of service and technical inspection for 
Electrical Research Products, Incorpo¬ 
rated, Dallas, Texas, now is at Columbus, 
Ohio, as engineer for this oiganization. 


R. B. Tenney, Jr. (A’lO) engineer of 
the Texas Power and Light Company, 
Dallas, Texas, recently has become 
consulting engineer at Dallas for the 
Power Cost Engineering and Appraisal 
Corporation, San Antonio, Texas. 


M. J. Mallbrt (A’30) formerly light¬ 
ing specialist for the Westinghouse Elec¬ 
tric and Mmiufacturing Company, St. 
Louis, Mo., now has joined the Steam 
Equipment Company, Memphis, Ten¬ 
nessee, in the office of secretary. 


D. S. Nicol (A’14) who heretofore has 
been associated with Parsons, Klapp, 
Brinckerhoff & Douglas, Detroit, Mich., 
entered the educational field as professor 
of electrical engineering at Nova Scotia 
Technical College, Halifax, N. S. 


Herman Ulanbt (A’30) who was 
superintendent of the Federal Steel 
Products Company, Newark, N. J., now 
has been elected president of the George 
Ulanet Company, engineers and manu¬ 
facturers in Newark, N. J. 


H. B. Hoadlbt (M*26) who has been 
serving the Ohio Public Service Company 
as its superintendent of distribution at 
Warren, Ohio, recently became engineer 
for the Empire District Eleotrio Com¬ 
pany, at Joplin, Mo. 

D. B. Taylor (M’27) previously reri- 
dent engineer, Albany district, New York 
Power and Light Corporation, Albany, 
N. Y., has tajien over the superint^dency 
of the Schenectady (N. T.) district-of^ 
that company. 
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S. P. M. WiLD^ (A*30) -who has been ^ 
occupied as engineer assistant for Johnson 
& Phillips, Charlton, London, England, 
icecently made new connections with 
Kennedy & Donkin, Withington, Man¬ 
chester, £ng. 


R. M. Arnold (A*25) who was chief 
engineer of the radio division, United Air 
Cleaner Company, Chicago, Ill., now is 
chief engineer of the radio division of 
the Grigsby-Grunow Company also of 
Chicago. 


P, P. Mntas (A’31) previously erecting 
engineer for the Buc 3 nrus Erie Company, 
South Milwaukee, Wis., now is assistant 
instructor, department of electrical engi¬ 
neering, University of Kansas, Lawrence, 
Kans. 


S. N. Boss (M'22} inspection engineer, 
Cazenovia Electric Company, Cazenovia, 
N. Y. has gone to India to be chief electri¬ 
cal engineer of the Tata Iron & Steel 
Company, Ltd., at Jamshedpur. 


E. dbRziha (A’ll) heretofore chief en¬ 
gineer of Siemens-Schuokertwerke A. G., 
Berlin, Germany now is identified with 
Sooi€t€ Continentale D’Eleotrioit^ in 
Alger, North Africa. 


R. R. Law (A*31) for the next two years 
will engage in graduate work at The 
Harvard Engineering School, Cambridge, 
Mass. Mr. Law has removed recently 
from Ames, la. 


R. M. Bat LB (M*21} general engineer, 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., now is 
engineer for the Westinghouse company 
at Chicago, HI. 


H. P. Jeffbeson (M'19) removed from 
Seattle, Wash., recently to become test 
engineer for the Jackson Bell Company, 
manufacturers of radios, Los Angeles, 
Calif. 


C. H. SuTDAM (M’29) planning engi¬ 
neer for the Pederal Telegraph Company, 
Palo Alto, Calif., bas been transferred 
recently to the company’s Newark, N, J. 
office. 


J. L. Mbrrill (M’19) electrical engi¬ 
neer, "Philadelphia, Pa., ban undertaken 
a consulting practise in Jackson Heights, 
Island, N. Y« 
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L. T. Robinson 
Dies November Third 

Lewis Taylor Robinson (A*04—P*12) 
engineer in charge of the general engi¬ 
neering laboratory of the General Elec¬ 
tric Company, Schenectady, N. Y., 
died suddenly at his home in Schenectady, 
November 3, 1931. His death was at¬ 
tributed to heart attack. He was 63 
years old having been bom in Springfield, 
Mass. Mr. Robinson early evidenced a 
fondness for mechanics, later leaning 
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toward electricity, which was then just 
coming into practical usage. About that 
time Lynn became headquarters for the 
Thomson-Houston Electric Company; 
two years after the plant was started 
and when Lewis Robinson was seventeen 
years old, he was engaged there by B. W. 
Rice, then plant superintendent. Later 
Prof. Elihu Thomson took him out 
of the plant and made him his office 
assistant. His aptitude made for rapid 
progress and within a short time he was 
in charge of the company’s standardizing 
laboratory and the calibration of fine 
instruments; in 1891, in partnership with 
G. A. Whitmore, he established a labora¬ 
tory for electrical testing and the calibra¬ 
tion of instruments. This company 
under the name of Whitmore & Robinson 
continued until 1893; then Mr. Robinson 
joined what was then the Schuyler Elec¬ 
tric Company, at Middletown, Conn., 
later acquired by the newly formed 
General Electric Company. A year later 
he engaged with the Central Electric 
Company at Lewisbxirg, Pa., where he 
remained until in 1896 he joined the 
General Electric Company at Schenec¬ 
tady and became one of its chief organizers. 

For more than twelve years Doctor 
Robinson has devoted himself generously 
to Institute activities including active 


participation in more than thirty-five 
important committee assignments, several 
dealing with intersociety and interna¬ 
tional technical affairs. Three times he 
served on the Institute’s board, twice as 
vice-president (1916-18, 1920-21) and 
once as manager (1913-16). Indicative 
of the wide scope of his active participa¬ 
tion, a few of his committee memberships 
are mentioned: meetings and papers 
1910-19 (chairman 1914-18); constitu¬ 
tional revision 1912-13; professional con-, 
duct 1912-13; editing 1912-14 (chairman) 
and 1916-17; standards 1914-27 and 1929 
(chairman 1919-20); Edison Med^ 1914^ 
16, 1917-30, 1931; Sections lOfS-lO; 
coordination 1920-21 (chairman); instru¬ 
ments and measurements 1924-!^f. He 
was chairman of the Schenectady, N. Y., 
Section for the year 1916-16. A great 
many important subcommittees, par¬ 
ticularly those of the standards commit¬ 
tee, also received the benefit of Doctor 
Robinson’s advice and counsel, ^ and 
several important committee and sub¬ 
committee reorganizations were engi¬ 
neered by him. As an authorized 
A.I.E.E. representative he partieipated 
in the joint conference which the Founder 
societies held to organize the American 
Engineering Council, 1921; the radio 
standardization conference, 1922; a spe¬ 
cial committee on international standards, 
1926; and the American Standards Asso¬ 
ciation Council, 1929. 

Doctor Robinson was the holder of 
more than thirty patents covering a wide 
range of electrii^ apparatus. In 1964 as 
collaborator in the electrical exhibit of 
the General Electric Company" he re¬ 
ceived a silver medal awarded by St. 
Louis exposition. In 1929 Unidn College 
(Schenectady, N. Y.) conferred upon him 
the honorary degree of Doctor of Science 
as ’’inventor, engineer, musician.” Music 
was his chief diversion; he promoted, 
assisted, and sometimes acted as coh- 
ductor of the General Electric orchestra, 
and was recognized in musical circles as 
an artist of noteworthy ability. 

He was a member of the Society of 
Engineers of Eastern New York, the^ 
American Physical Society, the*^National 
Electric Light Association, the American 
Association for the Advancement of 
Science, National Electric Manufacturers’ 
Association, the United States committee 
of the International Electrotechnical 
Cllommission, and the American Standards 
Association. 


Gborgx Milton OaiiU (M*27> man¬ 
ager of the power and industrial depart¬ 
ment of the National Eleotrio PowSr 
Company, New York, N. Y., and well 
known for his r6S6aiR3h*work*with regard 
to the effects upon tiie human^sys^m of 
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electric shock, died suddenly October 14, 
1931. He was a native of Louisville, 
Ky., having been bom there in 1888. 
In 1909 h^ became signal engineer for the 
Pennsylvania Railroad Company, two 
years later becoming chief draftsman for 
Heyward Brothers & Wakefield Com¬ 
pany, at Wakefield, Mass.; in three years* 
time he advanced to the position of super¬ 
intendent of power and machinery. Then 
he joined the Edison Electric Illuminat- 
»ing Company of Boston (Mass.) as 
commercial engineer, removing in 1916 
to New York for similar services with the 
Edison* Efec^ric niuminating Company 
of Brooklyn -•(New York). Two years 
later he became electrical and mechanical 
superi^Jtendent for the Massachusetts 
i^Jhocdlate Company of Boston, Mass., 
which was mcddng a complete electrifioa^ 
tion of its Boston plant. As resident 
engineer of tliis company, Mr. Ogle then 
was given entire chaise of the mechanical 
and electrical departments in the erection 
of a new million-dollar plant at Burling¬ 
ton, Vt. In April 1918, the Westinghouse 
Electric & Manufacturing Company chose 
him as general engineer at East Pitts¬ 
burgh, Pa., where his work was princi¬ 
pally in engineering for shipyards. He 
was appointed chief electrical engineer of 
the United States Shipping Board Bmer- 
ency Fleet Corporation, and later held 
the same position with the Vulcan Iron 
Works, Inc., Jersey City, N. J. He then 
became power specialist for the General 
Electric Company, serving the company 
in both Schenectady and New York. 
In i925 he was made consulting engineer 
for the^ General Engineering & Manage¬ 
ment Corporation, until joining the or¬ 
ganization with which he was identified 
at the time of his death. 


West Penn Power Company, Pittsburgh, ♦, 
Pa. soon to be requested to undertake the 
work of district superintendent; the 
following year he was promoted to power ^ 
engineer. His removal to Hastings came 
subsequent to 1927, and rounded out an 
experience of twenty years of progressive 
engineering. 


Isaac Newton Lewis (A*07) retired 
colonel of the United States Army, died 
suddenly of heart faflure the afternoon of 
November 9, 1931, at Montclair, N. J., 
where he resided. He was 73 years old, 
his native city being Uniontown, Pa. 
Graduating with the West Point class of 
1884, he pursued his military training by a 
com-se at the Graduate Torpedo School, 
Willetts Point, which he completed in 
1886. Following this he was placed in 
charge of electrical installations at Fort 
Wadsworth, subsequently being given 
charge of the department of electricity, 
power and power transmission, U.S. 
Artillery School, Fort Monroe, Va. His 
inventive genius contributed many de¬ 
vices for both military and civil applica- 
tions, among them, the Lewis portable, 
air-cooled machine gun, the first weapon 
to prove effective against zeppelins. 
While stationed at Fort Leavenworth, 
Kans. in 1888 he invented the first suc¬ 
cessful artillery range and position finder, 
a device which was accepted immediately 
by the War Department. He was a 
member of the American Association for 
the Advancement of Science, the Union 
League and the Lawyers Club of New 
York, the Army and Navy Club 
of Washington, D. C., the Montclair 
Athletic Club, and the Colonial Society 
of Montclair, N. J. 


Charles Ernest LCno (A*27) genelral 
electrician and hydroelectric power plant 
operator for the Puget Sound Power and 
Light Company’s eastern district, Wenat-i 
ohee, Wash., met his death October 11, 
1931, in connection with a minelaccident. 
Mr. Long, who was 45 years old, was bom 
in Elkhom, Manitoba, Canada. He 
served an apprenticeship with the Toronto 
General Light and Power Company, 
later starting an electrical contracting 
business of his own under the firm name of 
the Davidson Electric Company. In 
1915 he enlisted with the 1st Pioneers of 
the Canadian Expeditionary Forces, 
electrical division, and in 1917 engaged 
with the Canadian National Railways, for 
the superintendency of idl electrical con¬ 
struction west of Saskatoon. In 1926 
he came to the United States from 
Alberta, Canada, being emplos^d one 
year in Seattle as an electrician, and the 
following year taking up his work with the 
Puget Sound Light & Power Company 
Tumwater Canyon plant. Here he was 
employed until two years ago, when he 
was transferred to electrician at the 
Royal Development Company’s mine, 
making his home at Leavenworth, Wash. 


Jan D. Ottbn (A’90) electrical engi¬ 
neer, Amsterdam, Holland, and a Member 
for Life of the A.I.B.B., died in Amster¬ 
dam, September 29, 1931. Doctor Otten 
retired from active professional practise in 
1920, the year in which he received his 
election to Member for Life. Some of his 
earliest engineering work was in affiliation 
with the general European office of the 
Thomson-Houston International Com¬ 
pany, at Hamburg, where he was located 
at the time he joined the Institute as an 
Associate in 1890. 


Local Meeiln^S! 


Qbdrio Samuel Anderson (A’21) 
electrical engineer of the Anaconda Wire 
^ C!§,ble Company, Hastings-on-Hudson, 
N, Y., and a postgraduate student at 
Columbia University, dropped dead as 
he was, attending class there on the 
morning of November 13, 1931. He was 
42 years of age, having been bom at 
Boston, Mass., February 16,1889. While 
practising engineering, he was studying 
for his master’s degree. Mr. Anderson 
already held a degree of B.S. in E.E. 
conferred upon him by Massachusetts 
Institute of Technology in 1911, which 
was the year he joined the TeUuride 
Power Company, at TeUuride, Colo. 
Upon the consolidation of several com¬ 
panies to form the Western Colorado 
Power Company, he was appointed aa- 
tristant to the general mana^, three 
years later to be chosen as superintendeat 
of the Clark Elsctrio Power Company at 
Tooele, Utah. In 1919 he left this or- 
ganiS 9 .tioii to become ealgs engineer for 
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District 1 Executive Committee 
Convenes at Schenectady 

The fall meeting of the executive com¬ 
mittee of the Institute’s North Eastern 
District was held in Schenectady, N, Y., 
October 9, 1931. Present were: chairman 
and Diatrict vice-prcaiderUt I. E, Moultrop 
(Boston, Mass.); District secretary^ A, C. 
Stevens (Schenectady, N. Y.); Section 
chairmen, R. G. Warner (New Haven, 
Conn.); R. W. Graham (Buffalo, N. Y.); 
F. R. Finch (Pittsfield, Mass.); Wm. S. 
Haddocks (i^ovidence, R. L); F, C. 
Young (Rochester, N. Y.); R. A. Beek- 


man (Schenectady, N. Y.); C. W. 
Henderson (Syracuse, N. Y.); acting 
Section chairmen, W.'H. Colburn (Boston, 
Mass.); R. F. Chamberlain (Ithaca, 
N. Y.); H. A. Maxfteld (Worcester, 
Mass.); Section vice^haitman, E. B. 
Johnson (Schenectady, N. Y.); Section 
secretary W. B. BlaU (New Haven, Conn.). 
Also present by invitation were: assistant 
national secretary, H. H. Henline (New 
York, N. Y.); pasi^ce^president, H. M. 
Hobart (Schenectady, N, Y.); Section 
committee cj^^airman, E« S. Lee (Schenec¬ 
tady, N.Y.). 

Prof. R. G. Warner was elected, to 
serve on the national nominating oom- 
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iXHttee^ J. A. Johnson^ at present a 
director of the Institute, was unani¬ 
mously nominated for District vioe- 
'president. In addition to the Distriot 
vic^presyient, District secretary, and 
chainnan of the Branch counselors ex¬ 
ecutive committee, the following were 
nominated for membership on the Dis¬ 
triot coordinating committee: R. G. 
Warner (New Haven, CJonn,); R. W. 
Graham (Buffalo, N. Y.); J. P. McCann 
(Worcester, Mass.); and P. C. Young 
(Rochester, N. Y.). 

After discussing the organization of 
the committee in charge of the 1932 
District meeting at Providence, R. I., a 
motion was unanimously carried to the 
effect that the 1933 District meeting be 
held at Schenectady during the early 
part of May. 

Competition between the students of 
the Pittsfield and Schenectady Sections 
and the interest which this competition 
created among the older as well as the 
yoxmger men, was cited as increasing the 
interest in student activities. Various 
means of aiding students in their activi¬ 
ties were discussed; among others was 
suggested that prizes might be offered for 
student papers, based on ddivery and 
content. Before adjourning, Pa^t Vice- 
president H. M. Hobart and Assistant 
National Secretary H. H. Henline ex¬ 
pressed their appreciation of the meeting 
and commended the members for their 
activities. 


District 5 Executive 
C mmittee Meets at Chicaso 


• (Chicago, Ill.); District committee on 
student activities chairman^ G. C. Enip- 
^meyer (Terre Haute, Ind.) Visitors 
were: District conventUm committee tnce- 
chairman, P. A. Kartak (Milwaukee, 
Wis.); and technical program subcommittee 
chairman, J. P. H. Douglas (Milwaukee, 
Wis.). 

K. A. Auty was unanimously reelected 
as District treasurer. Mr. Auty also was 
nominated for the post of vice-president 
of the Institute from the Great Lakes 
District (No. 5). T. N. Lacy was elected 
a member of the national nominating 
eommittee representing this District in 
the coming election for Institute president. 

In addition to the vice-president, 
secretary, and chairman of the District 
committee on student activities, the 
following were elected to serve on the 
coordinating committee: C. H. Kreuger 
(Milwaukee, Wis.); N. H. Blume (Madi¬ 
son, Wis.); P. R. Lmes (Chicago, Ill.); 
and B, V. Lassen (Milwaukee, Wis.). 
A motion was passed that the past co¬ 
ordinating committee continue to serve 
as a part of the District convention com¬ 
mittee, assisted by the new coordinating 
committee. The report of the District 
convention committee was read and a 
motion was carried inviting the board of 
directors to meet in Milwaukee during 
the coming District convention. Re¬ 
ports of Section activities were also made. 

Means of increasing the Institute's 
membership, as well as interest in Sec¬ 
tion meetings, were discussed. A motion 
was passed that a tentative program of 
Section meetings be prepared early in the 
season and circulated to all other Sections 
in the Distriot. 


the subjects of telemetering, power 
flow control, frequency control, reserve 
capacity, etc. A recent case ^of trouble 
due to lightning on the overhead lines of 
the interconnected system was described 
illustrating the real effectiveness of 
reserve capacity for pres6i;^Qg conti¬ 
nuity of service. 


Fnlvnre 

SecSion Mfeelingrs 


Akron 

Decemb^ 8, 1931— ^Tjblevision, by 
J. O. Perrine, American Tel. & Tel.* Co. 
Meeting to be held in the auditorium of 
the Firestone Tire & Rubber Co. 

January 12, 1932 —^X-Rat Inspection 
OP Welds, by Ancel St. John, president, 
St. John X-Ray Service Corp. Movies: 
“Story of Steel." Meeting to be held in 
the auditorium of the Ohio Edison Ct>. * 

Chicago 

December 2, 1931— Shobt-Circdit 
Calculations and Application op Oil 
Circuit Breakers, by W. C. Hahn» 
General Electric Co. 

January 7, 1932— Control op Noise 
AND Vibration in Station DesIon, by 
P. E. Stevens, Byllesby Engineering and 
Management Corporation. • 

Cleveland 


The annual meeting of the executive 
oommittee of the Institute's Great Lakes 
Disiriot was held in the rooms of the 
Western Society of Engineers, Chicago, 
HI., on Monday, October 12, 1931. 
Plresent were: president and District 
chairman, T. N. Lacy (Detroit, Mich.); 
District secretary, A. G. Dewars (Minne¬ 
apolis, Minn.); District treasurer, K. A. 
Auty (Chicago, HI.); Section chairmen^ 
P. R. Innes (Chioa^, HL); J. J. Shoe¬ 
maker (Detroit, Mich.); E. J. Schaefer 
(Port Wayne, Ind.); B. L. Carter (Indi¬ 
anapolis, Ind.); N. H. Blume (Maison, 
Wis.); 0. H. Kreuger (Milwaukee, Wis.); 
Oscar Gaarden (Minneapolis, Minn.); 

B. H. Waldo (Urbana, HL); Section 
secreUtries, O. E. Pb^user (Detroit, Mich.); 

C. M. Summers (Port Wayne, Ind.); E. G. 
Thoms (Indianapolis, Ind.); L. P. Wood 
(Des Moines, Iowa); G. P. Tracy (Madi¬ 
son, Wis.); B. V. Lassen (Milwaukee, 
Wis.);H. Hagensiok (St. Paul, Minn.); 

' B. A. Reid (Urbana, III.); acting 
chairrmn, C. L. Sampson (Bes Moines, 
Sa.)*; acting secretary, R. D. Maxson 


Chicago Power Group 
Holds Season's First Meeting 

The flrst meeting this season of the 
Chicago Section's Power Group was held 
October 22, 1931, in the Engineers 
Biiilding, Chicago, in joint session with 
the Electrical Section of the Western 
Society of Engineers. 

A brief intaroductory address by P. R. 
Innes, chairman of the Section, was 
followed by a discussion by P. B. Juhnke 
and A. R. Lake of the Commonwealth 
Edison Company before an audience of 
some 160 persons. The subject was 
“Power System Operation in the Chicago 
Distriot." "Mr, Juhnke dedicated the 
meeting to Mr, Edison whose early in*^ 
ventions had made the power industry 
possible; Mr. Lake described in detail 
some of the actual problems of intercon¬ 
nected system operatioiL, demonstrating 
with the aid of charts and 


December 17, 1931— Behind the 
Scenes, by Dr. Zay Jeffries, metallurgiofl 
engineer and consultant; W. L. Enfldd, 
manager, incandescent lamp development 
laboratory. Both of these speakers are 
with the General Electric Co. t Nela 
Park. Joint meeting with the Illuminat¬ 
ing Engineering Society. 

, January 21, 1932— Some Institute 
I^OBLBMS, by Dr. C. B. Skinner, presi¬ 
dent of the A.I.E.E., and assistant 
director of engineering, Westingbouse 
Elec.&Mfg.Co. 

Dallas 

December 21, 1931^--Social meeting. 

January 18,1932— General Develop¬ 
ments OP 1931. This subject will be 
covered by students of the Southern 
Meihodist University Student Branch. 

Detr'oit-Ann Arbor 

Decemv ir 1931'^ubject and speaker 
to be announced later. Meejl^ to be 
held at Detroit Edisofl Auditorium. 

January 19,1932—Lakes' night. ^ 
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Leliigli Valley 

December 11, 1931—Inspection trip to 
the centraLbreaker of the Locust Summit 
District o^the Philadelphia & Heading 
Coal & Iron Co. at 1:30 p. m. Dinner at 
the Kecho Allen Hotel in Pottsville at 
6:30 p. m. At 8 p. m. the following papers 
will be presented: 

Elibctbic Power in the Coal Piblls 
ANB Its Application to Coal Mining, 
by W. H. Lesser, Penn Anthracite Mining 

too.; 

Field Tests of Qircuit Breakers, 
Ijy Prof, A 4 R. Miller, Lehigli University. 

Louisville 

Decipher 18, 1931— ^The Engineer’s 
Place* in the Sun, by Prof. W. E. 
Freeman, University of Kentucky, and 
vice-preddent, Southern District No. 4, 
AJ.E.B. 

January 22, 1932— ^Practical Appli¬ 
cation OF Light Sensitive Cells, by 

J. U. Briesky, research engineer, West- 
inghouse Elec. &> Mfg. Co. 

Lynn 

December 2,1931—Ladies’ night. 
December 16, 1931— Lightning, by 

K. B^ McEachron, General Electric Co. 
January 6,1932—^Ladies’ night. 
January 16, 1932—^In8x>ection trip to 

Loose Wiles Biscuit Co. 

January 20, 1932—^Local convention. 
Subject:—Centrifugal Air Compression. 

Pittsburgh 

December 8,1931— Recent Develop¬ 
ments IN Electrical Research, by 
Dr. Phillips Thomas, research engineer, 
Westinghouse Elec. & Mfg. Co. 

January 12, 1932— Some Institute 
Problems, by Dr. C. E. Skinnor, presi¬ 
dent of the A.I.E.E., and assistant 
digeotor of engineering, Westinghouse 
Elec. & Mfg. Co. 

Seattle 

-D^sembeif 16, 1931— ^Rural Electri¬ 
fication Meeting. Papers by Prof. 
0, S. Smith, Washington State College; 
and H. J.*Gille, manager, agricultural and 
industrial development, Puget Sound 
Power & Light Co. H. V. Carpenter, 
vice-president, North West District No. 
9, A.I.E.E. will give a talk on Institute 
affairs. 

January 19, 1932—^Presentation of 
papers submitted for annual prize compe¬ 
tition. Titles and speakers to be 
announced later. 


Pausi 


S>e«!tlon ]!^eellmgs 


Baltimore 

The Canal Situation, by J. P. 
Stevens, consulting engineer, former 
chief engineer of the Panama Canal 
(1906-07). Mr. Stevens discussed the 
economics of a supplementary route 
through Nicaragua and pointed out 
that from all statistics available the 
Panama Canal is of sufficient capacity 
to take care of all shipping requirements 
for years to come. Joint meeting with 
the A.S.O.E. and A.S.M.E. Sections, 
and Engineers dub. October 22. At¬ 
tendance 150. 

Chicago 

Power System Operation in the 
Chicago District, by P. B. Juhnke 
and A. R. Lake, both of the Common¬ 
wealth Edison Co. October 22. At¬ 
tendance 160. (A complete report of 
this meeting is published in this issue 
under **Local Meetings” p. 982.) 

Cleveland 

In the afternoon, members and guests 
assembled at the dock of the “U.S.S. 
Akron” where an interesting lecture was 
given by one of the guides who described 
the dock and dirigible. Following this 
lecture, those present went to the labora¬ 
tories of the Ohio Insulator Company 
where opportunity was afforded to 
inspect insulators of recent design. In 
the evening W. T. Van Orman, (Sbodyear 
Zeppelin Corp., spoke on Develop¬ 
ments OF Lighter-than-Air Craft. 
A. O. Austin, Ohio Insulator Co., gave a 
series of demonstration illustrative of 
new developments in high voltage phe¬ 
nomena. Joint meeting with the Akron 
Section. Members of the develand 
Engineering Society invited. October 
8. Attendance 376. 

The Navigation of the Akron, by 
Lient.-Commaiider C. E. Rosendahl, 
captain of the ”U.S.S. Akron.” By the 
use of motion pictures, the evolution of 
airship construction was illustrated firom 
that of the first crude ship built by Count 
Zeppelin to that of the Akron. Joint 
meeting with the develand Engineering 
Society and the Akron Section. October 
13. Attendance 1,500. 


Connecticut 

The Fundamentals op Radio Broad¬ 
casting, by Prof. W. J. Williams, ^ 
Rensselaer Polytechnic Institute; 

The Requirements of Radict Broad¬ 
casting on Communication Circuits, 
by H. W. Sundius, Southern New En¬ 
gland Telephone Co. Following these 
talks there was an inspection of the 
WTIC studios in the Travelers Building 
and of the transmitter on Avon Mountain. 
October 28. Attendance 300. 

Dallas 

Construction of the Haiolton Dam 
ON THE Colorado River in Texas, by 
F. A. Dale, Emery, Peck & Ropkwood 
Development Co. October 19. At¬ 
tendance 115. 

Denver 

Some Thoughts on Waves, by O. B. 
Blackwell, American Tel. & Tel. Co. 
Dean H. S. Evsuis and Prof. R. -E. 
Nyswander, chairman, gave reports of 
the summer convention held at Ashe¬ 
ville, N. C., last June. Joint meeting 
with the Telephone Pioneers of America 
and The American Bell dub. October 
16. Attendance 75. 

Detroit-Ann Arbor 

Recent Developments in Electric 
Heating, by H. J. HsJl and G. Coley, 
both of the Detroit Edison Co. Illue- 
trated by slides. J. J. Shoemaker, 
chairman, gave a r4sum4 of the District 
executive committee meeting held in 
Chioago. October 12. October 20. 
Attendance 80. 

Erie 

Development and Uses of the 
Modern Oscillograph, by A. D. 
MaoAffer, General Bleotrie Co. Many 
interesting tests made on the oscillograph 
were shown. October 20. Attendance 76. 

Port Wayne 

CoNTAOT Potentials and the Theory 
OF Dielectrics, by Dr. Karl Lark- 
Horovitz, Purdue University. Illustrated 
with slides and blackboard sketches. 
October 16, Attendance 75. 

Houston 

Effect of Wave Form on Operation 
OF Induction Type Protective Relays, 
by P. H. Robinson, Houston Lighting 
and Power Co. Dinner preceded the 
meeting. October 29. Attendance 23. 


Ysneouver 

December 7, 1931— The Design of 
THE ISI 0 DERN Radio Receiver, by 
V. W. M. Fouracre, Northern Electric 
Co., Ltd. , 

January 4, 193 V-%ubj 60 t and speaker 
\o be annotinced la^. 


Columbus 

Television, Its Fundamental Physi¬ 
cal AND Psychological Principles, by 
J. 0. Perrine, American Tel. & Tel. Co. 
This lecture was accompanied by demon¬ 
strations of the types of apparatus used in 
television. October 27. Attendance 164. 


Indianapolis-Lafayette 

The Relation op Pbbqubnc'®' and 
Quality in Communication, by J. L. 
Wayne and E. R. Moore, Indiana Bell 
Telephone Co. This talk brought out 
the importaSloe of frequency requiw- 
ments in the transmission of 8pee<^ 
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St. Louis 


music, and pictures. Demonstrations ^ 
followed. Dinner preceded the meeting. 
October 16. Attendance 45. , 

I 

Kansas City 

Aims and Activities of the A.I.E.E., 
by Dean George C. Shaad, University of 
Kansas, and vice-president, South West 
District (No. 7) A.I.E.E. October 14. 
Attendance 54. 

Building a Skyscrapeb, by G. O. 
Brown, Kansas City Power & Light Co.; 

Conditions in Europe, by E. E. 
Howard, of Ash, Ploward, Needles & 
Tammen; 

Conquering the Missouri River, 
by Robert McDowell, student, A.I.E.E. 

India, by Mundadhi Rau, student, 
A.S.M.E. 

Joint meeting with the A.S.M.E. 
Section and the A.I.E.E. and A.S.M.E. 
Student Branches at the University 
of Kansas. November 5. Attendance 
200 . 

Lehigh Valley 

Inspection trip to the new hydroelectric 
project of the Safe Harbor Water Power 
Corp, Octobers. Attendance212. 

Los Angeles 

A Picture op Wave Motion, by O. B. 
Blackwell, American Tel. & Tel. Co. 
Illustrated with lantern slides. October 
6. Attendance 103, 

Louisville 

Engineering Marching On, by Dean 
P. Paul Anderson, University of Ken¬ 
tucky. Short talk by Prof. W. E. 
Freeman, University of Kentucky, and 
vice-president, Southern District (No. 4,) 
A.I.E.E. October 30. Attendance 94. 

Lynn 

Three sound pictures were presented, 
*‘An Address by Dr. A. E. Kennelly, 
past-president of the A.I.E.E.,’’ “Dr. 
W. D. Coolidge, Research Laboratory, 
General Electric Co., and his Cathode 
Ray Tubes,” and “Mazda Lamps Pre¬ 
ferred,” followed by the serving of 
refreshments and an informal get-together 
of members present. October 21. Atten¬ 
dance 400. 

Madison 

Some Unique Electrical Heating 
Effects, by Prof. Edward Bennett, 
University of Wisconsin. Demonstrated. 
L. C. Larson, Section Delegate, gave a 
•brief resume of the 1931 summer conven¬ 
tion held at Asheville, N. C. Dinner 
preceded the meeting. October 21. At¬ 
tendance 45, 

Memphis 

Annual dinner meeting jJt which the 
following officers for the year 1931-32 
were announced: W. A. Gentry, chair¬ 


man; F. L. Christenbiiry, secretary; 
0. F. Long, treasurer, W. F. Bowld, 
M. Eldredge, and G. F. Leake, directors. 
Short talks by M. Eldredge, retiring 
chairman, W. A. Gentry, oliairman, and 
W. R. Herstein, president, Memphis 
Chamber of Commerce. October 13. 
Attendance 40. 

Minnesota 

Electric Water Heating, by R. R. 
Herrmann, Northern States Power Co. 
Dinner preceded the meeting. October 
28. Attendance 30. 

Nebraska 

Some Institute Problems, by Dr. 
C. E. Skinner, president of the A.I.E.E., 
and assistant director of engineering, 
Westinghouse Elec. & Mfg. Co. Doctor 
Skinner showed several reels of motion 
pictures that he had taken on a recent 
world tour. Dinner preceded the meeting 
September 28. Attendance ISO. 

Niagara Frontier 

The X-Ray in Industry, by E. W. 
Page, General Electric X-Ray Corpora¬ 
tion. Illustrated by slides and motion 
pictures. Dinner in honor of the speaker 
was held at the Hotel Niagara. October 
16, Attendance 85. 

Philadelphia 

Modern Long Distance Telephone 
Communication, by A. P. Godsho, 
Bell Telephone Co. of Pennsylvania. 
An active discussion followed the presen¬ 
tation of this paper. October 12. At¬ 
tendance 75. 

Pittsburgh 

The Modern Engineer, by S. M. 
Kintner, Westinghouse Electric & Mfg. 
Co. Joint meeting with the Engineers 
Society of Western Pennsylvania. Octo¬ 
ber 21. Attendance 140. 

Portland 

Ariel Hydroelectric Development, 
by G. Wisting and 0. L. LeFever, both of 
the Northwestern Electric Co. Mr. 
Wisting spoke on the construction of the 
Ariel plant and showed slides of pictures 
taken during that period. Mr. LeFever 
outlined the electrical and hydraulic 
features of the development. October 20. 
Attendance 62. 

Inspection trip to the Ariel tlydro- 
eleetrie Development. October 24. At¬ 
tendance 45. 

Rochester 

The Engineer as a Citizen, by 
Roy V. Wright, managing editor. Railway 
Age, and president, A.S.M.E. Interesting 
discussion followed the presentation of 
this paper. Joint meeting with the 
A.S.M.E, Section and Rochester Engi¬ 
neering Society. October 1. Atten¬ 
dance 128. 


Some Institute Problems and the 
Electrical Industry, by Doctor C. E. 
Skinner, president of the A.IcE.E., and 
assistant director of engineering, Westing¬ 
house Electric & Mfg. Co. October 21. 
Attendance 65. 

San Antonio 

Army Air Corps Service, by Lieut. 
E. C. Lynch, instructor at Randolpli ^ 
Field. October 19. Attendance 37.^ 

Saskatchewan 

The Theory and Prac^^ise of Elec¬ 
trical Surveying, by Prof. T. Afty, 
University of Saskatchewan, lllij^itrated 
by slides. October 16. Attendance22. 

Seattle 

The Engineer and the Community, 
by J. Prank McLaughlin, Puget Sound 
Power & Light Co. Annual dinner 
meeting. September 15. Attendance 86. 

E. E. Fellows, General Electric Co., 
outlined problems which confronted the 
Seattle Times when it moved from a d-c. 
area to an a-c. area. K. L. Howe, 
Westinghouse Elec. & Mfg. Co., dis¬ 
cussed the problem of maintaining the 
proper temperature of the molten metal 
in linotype machines. Wallace Quistorff, 
Puget Sound Power & Light Co., de¬ 
scribed the power supply arrangements 
for the Seattle Times, The meeting then 
adjourned to the Times Building for an 
inspection trip through the plant. Octo¬ 
ber 20. Attendance 76. 

r 

Sharon 

Simplified Practise and Standardi¬ 
zation, by R, E. Hellmund, Westing¬ 
house Elec. & Mfg. Co. November 3. 
Attendance 95. 

Southern Virginia 

Friday evening, October 30: Meeting 
opened with address of welcome by 
J. H. Berry, chairman. Motion picfiires 
illustrating the four stages of power 
generation and the turbo-electric driven ♦ 
President Coolidge followed. Prof. W. B. 
Rodman, University of Virginia, intro¬ 
duced Dr. C. E. Skinner, president of the 
A.I.E.E. and assistant director of engi¬ 
neering, Westinghouse Electric & Mfg. 
Co., who spoke on Pioneers and 
Pioneering. Attendance 139. 

Saturday, October 31: Murray J. Tdail, 
manager of engineering, Virginia Pul-)lic 
Service Co., described the new Breino 
Bluff Plant of that company. An inspec¬ 
tion trip to the Bremo Bluff Plant in the 
afternoon was preceded by luncheon at 
the William Prank Hotel in Fort Unioi^, 
Va. Attendance 50. 

Spokane 

Inspection trip through *"the^^ Fox 
Theater. Tlfe heating and ventilating 

I r % ^ „ 
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system was described by the engineer in 
charge, and the^’ projection and sound 
equipment, as well as the lighting effects, 
were des’cribed and demonstrated by 
operators in the projection booth. Octo¬ 
ber 30. Attendance 55, 

•1 

Springfield 

Carrier Current Street Lighting 
Control, by Ralph E. Curtis, United 
Electric Light Co. Illustrated by slides. 
September 14. Attendance 52. 

Welding, by Prof. C. A. Adams, 
HaiwaTd University. October 13. At¬ 
tendance 44. ” 

Toledo 

Underground Cable Practise, by 
F. L. Calvert, General Electric Co. 
October 16. Attendance 45. 

Toronto 

Waterwheel Governing, by A. Kalin, 
Woodward Governor Co. Interesting 
discussion followed. October 9. At¬ 
tendance 105. 

Surge Absorbers, by J. M. Thomson, 
Ferranti Electric, Ltd. Slides were 
shown illustrating absorbers used for the 
protection of meters, cables, and trans¬ 
formers, and the damage done to trans¬ 
formers by surge voltages. October 23. 
Attendance 111. 

Urbana 

Aladdin Up-To-Date, by PI. D, 
Sanbopn, General Electric Co. Illus¬ 
trated liy lantern slides describing some 
of the achievements of the research lab¬ 
oratory, with particular reference to the 
development of the vacuum tube. Octo¬ 
ber 15. Attendance 80% 

Business meeting. October 23. At¬ 
tendance 11. 

Utah 

^ Relay Protection, by Felix Guenther, 
Utah Power & Light Co. Reports of the 
summer and Pacific Coast conventions 
' were given by Prof. A. LeRoy Taylor, 
Dr. J. Hugh Hamilton, and Dr. PI. T. 
Plumb, October 12. Attendance 47. 

Vancouver 

Particulars op Plant and Equip¬ 
ment ON THE Empress op Japan, by 
C, Hayden, chief electrician, “Empress of 
Japan.” This meeting was held on board 
the Empress of Japan and those present 
inspected the ship at the conclusion of 
Mr. Hayden’s address. October 5. 
Attendance 100. 

'' The Lois River Power Develop¬ 
ment, by S. A, Perrot, S. A. Perrot & Co.; 
Deterr5inatk)nop Plant Eppiciengt 
- Ruskin Genbracing Station, by C. W. 
Col'^'U, B. p, Electric Railway Co. Ltd, 
November Attendance 62. 

December 1931 * 


Washington 

The Economic Activities op Russia,^ 
by Prof. D. O. Kinsman, Catholic 
University of America. Professor Kins¬ 
man described his experiences during a 
5,000 mile trip through Russia. Dinner 
in honor of the speaker preceded the 
meeting. October 13. Attendance 125. 

Worcester 

Interesting Effects in Trans¬ 
former Connections, by Prof. T. H. 
Morgan, Worcester Polytechnic Insti¬ 
tute. October 22. Attendance 40. 


Past 

Oramclm fVleefingisi 


University of Akron 

Life of Michael Faraday, by Philip 
Syracoi)oulos, student. Frank Marcinko- 
ski elected chairman. October 7. At¬ 
tendance 19. 

The Life of Charles Augustus 
Coulomb, by Daniel Coorsh, student; 

The PbinciVles of Television, by 
Harmon G. Shively, student. October 28. 
Attendance 11. 

Alabama Polytechnic Institute 

Smoker. Prof. W. W. Hill, counselor, 
gave a talk on the benefits of student en¬ 
rolment in the Institute. September 17. 
Attendance 56. 

T. E. Curtis, student, gave a report of 
the operation of the Georgia Power Com¬ 
pany’s plant near Atlanta. October 8, 
Attendance 15. 

H. H. Altman, student, gave a talk on 
some of his experiences while employed 
at the N.B.C. studios in Chicago, Ill. 
W. H. Mims, chairman, outlined the 
inspection trip made by the senior stu¬ 
dents to several of the power plants of the 
Alabama Power Co. October 28. At¬ 
tendance 11. 

University of Alabama 

Election of the following officers: 
Robert Lake, chairman; Fisher Allen, 
vice-chairman; Wood-Rowe Purcell, sec¬ 
retary; Irving Rosenblatt, treasurer, 
October G. Attendance 11. 

Film—“Insulated Wires and Cables.” 
October 19. Attendance 34, 

Armour Institute of Technology 

Committee appointments announced. 
Talks were given by the officers to pro¬ 
mote interest in the Branch activities. 
October 16. Attendance 50. 

Electron Tubbs in Industry, by 


L. L. Liidwigsen, General Electric Go, 
October 23, Attendance 60. 

University of British Columbia 

Lois River Hydroelectric Project, 
by R. W. Klinck, student; 

Line Starting Equipment for Large 
Synchronous Motors, by L. Williams, 
student. October 6. Attendance 17. 

Mercury Arc Rectifiers, by P. D. 
Rossitbr, student; ^ 

Lightning, by H. M. Van Allen, 
student. October 20. Attendance 14. 

Inspection trip to the Seymour Ex¬ 
change of the B. C. Telephone Co. 
October 31. Attendance 12. 

An Automatic Smoke Tester, by 
G. E. Barnes, student; 

Thyratron Tubes, by J. N. McRae, 
student. 

Film—“The Wizardy of Wireless.^’ 
November 3. Attendance 28. 

Brooklyn Polytechnic Institute 

How the Dial Telephone Works, 
by E. J. Kane. Bell Telephone Labora¬ 
tories, Inc. Illustrated. October 20. 
Attendance 32. 

California Institute of Technology 

Electrical Adverti^ng and Some 
of Its Applications to Industry, by 
Mr. Prosser. October 30. Attendance 
29. 

University of California 

The Life of Edison, by Louis Rock- 
holt, student; 

Edison as an Inventor, by Harold 
Wright, student; 

Edison as a Personality, by Forrest 
Taylor, student. 

Two films were shown, as follows; 
“Edison as a Benefactor” and “Edison 
as He is Today.” October 7. Atten¬ 
dance 61. 

Amateur Radio, by Clayton Bane, 
American Radio Relay League; 

Relation of the Radio Amateur to 
the Radio Industry, by A. H. Babcock, 
Southern Pacific Co.; 

Beam Transmission, by Donald Hall, 
student. Demonstration of the transmit¬ 
ting and receiving of radio messages at 
80 meters. October 21. Attendance 81. 

Carnegie Institute of Technology 

w 

The A.I.E.E. and the Engineer, by 
Prof. William R. Work; 

The Student and the Institute, by 
Prof. B. C. Dennison; 

.History of the C.I.T. Student 
Branch, by Prof. G. M. Porter, counse¬ 
lor. October 14. Attendance 40. 

Case School of Applied Science ^ 

• 

An Engineer Visits Europe, by 
Prof. H. B. Dates, counselor; 

Electrical Safety Devices, by J, C. 
Elder, student. 
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. J. Lattin, chairman, gave a sum¬ 
mary of the activities at the District 
meeting held in Pittsburgh March 1931. 
October 22. Attendance 39. 

Catholic University of America 

Election of the following ofBcers: 
Ralph Brady, president; Joseph DeBet- 
tenoourt, vice-president; James Spring- 
mann, treasurer; Robert F. Bourne, 
secretary. Talk by Prof. T. J. MacKav- 
luiagh, counselor, on the purpose of the 
AJ.E.E. and its benefits to the student. 
October 21. Attendance 38. 

University of Cincinnati 
Business meeting. October 12. At¬ 
tendance 3. 

Clarkson College of Technology 
Summer experiences were outlined by 
Prof. A. R. Powers, counselor, and H. 
Beck and 0. C. McNairn, students. 
October 16. Attendance 24. 

Colorado State Agricultural College 

Prof. H. G. Jordan and Prof. F. L. 
Poole, counselor, gave talks on the activi¬ 
ties of the Institute and the Student 
Branch. October 26. Attendance 24. 

University of Colorado 

The Advanced Course in Electri¬ 
cal Enqinebrinq at the General 
Electric Company, by Professor Palmer. 
October 7. Attendance 50. 

The Madden Dam Project, by H. F. 
McPhaU, U. S. Bureau of Reclamation. 
Illustrated with slides. October 21. 
Attendance 60. 

Carrier Wave Telephone Circuit, 
by A. S. Anderson, General Electric Co. 
November 4. Attendance 90. 

University of Denver 

Cosmic Rats, by W. Overbeok, 
student; 

Apparatus Used on Cosmic Rat 
Expedition at Summit Lake, by Paul 
Barth, student. October 13. Atten¬ 
dance 13. 

Film—‘Life of Thomas A. Edison.*' 
October 26. Attendance 23. 

Drexel Institute 

Radiation, by E, K. Cliver. October 
15. Attendance 26. 

Automatic Telephone SwircmNa 
Equipment, by L. W. Temple, Jr., 
student. Inspection trip to the Badcliff 
Exchange of the Bell Telephone Co. of Pa. 
l^iimer preceded the meeting. October 
29. Attendance 32. 

Duke University 

Edison’s Life, by Mr. Weaver, 
student; • 

Many Inventions op Edison, by 
Mr.n^ebranay, student. 

Prof, W. J. Seeley, counselor, outlined 
Edison's accomplishments and told of his 


acquaintanc with him during the World 
War. November 4. Attendance 19. 

University of Florida 

General discussion of activities for the 
coming year. October 7. Attendance 28. 

G. R. Shafto, Graybar Electric Co., 
spoke on the trend and development of 
radio broadcasting. October 19. At^- 
tendanoe 60. 

Systems of Street Lighting and 
Control, by Harvey F. Pierce, student; 

Story op the Frequencies, by G. D. 
Beck, instructor. November 2. At¬ 
tendance 27. 

Georgia School of Technology 

Film—“Electric Heat in Industry." 
October 13. Attendance 75. 

Univerrity of Idaho 

Picnic. September 29. Attendance 30. 

University of Illinois 

Discussion of activities for future 
meetings. September 23. Attendance 
21 . 

Social gathering and entertainment. 
September 30. Attendance 150. 

Business meeting. October 7. At¬ 
tendance 65. 

Film—“The Benefactor." October 21. 
Attendance 45. 

Iowa State College 

Why Electrical Engineers Should 
BE Affiliated with Their Own Pro¬ 
fessional Organization, by Prof. F. E, 
Johnson, counselor. October 7. Atten¬ 
dance 288. 

Some Aspects of Power and Com¬ 
munication Systems Affecting Induc¬ 
tive Coordination, by Mr. Carl and two 
assistants, Northwestern B^ Telephone 
Co. October 28. Attendance 205. 

University of Iowa 

Election of the following officers: 
David Marchant, president; Francis 
Murray, vice-president; Albert Behnke, 
seoret^-treasurer. September 23. At¬ 
tendance 46. 

Superheterodyne Receivebs, by 
Elwin O'Brien, student. September 30. 
Attendance 43. 

Lightning Disturbances to Power 
Lines, by I. Piercy, student; 

Movietone Films, by L. Travis, 
student. October 7. Attendance 41. 

Current EVbnts, by Ralph Spafford, 
student; 

Parallel Operation of A-C. 
Generators, by John Weland, student. 
October 21. Attendance 42. 

Kansas State College 

Election of the following officers: 
G. E. Cain, president; E. R. Jensen, vice- 
president; L. R. Schruben and C. L. 
Brown, secretaries; W. S. Hemker, 
treasurer; N. J. Kling, assistant treasurer; 
D. E. West, corresponding secretary. 


The Eye, by Dr. Evans* October 1, 
Attendance 50. (Evening session.) 

The program of the aftemooirmeeting 
was the same as that presented in the 
evening. October 1. Attendance 68. 

University of Kentucky 

A Review of the Life of Edison, by 
Z. Pigue, student; 

The Life of Faraday, by Thompson 
Bonzo, student. October 28. Atten¬ 
dance 41. 

Lafayette College 

Election of following officers: Henry H« 
Jones, chairman; G. D. Hcgeman,, Jr., 
secretary-treasurer. 

L. J. Conover, counselor, explained the 
AiTttfl and activities of the A.I.E.E. 
October 22. Attendance 18. 

Lehigh University 

The Manufacturing and X®sting^of 
High Tension Insulators, by L. B. 
Huntington, Jr., student; 

Automotive Electricity, by G. A. 
Bum, Mack Intemationid Motor Truck 
Corp. October 15. Attendance 70. 

Lewis Institute 

Prof, F. A. Rogers, counselor, outlined 
the privileges and advantages of student 
enrolment in the Institute. Election of 
the following officers: L. P. Evans, chair¬ 
man; H. May, secretary-treasurer. Octo¬ 
ber 22. Attendance 43. 

Louisiana State University 

Election of the foUowmg officers: P. W. 
Stokeley, chairman; B. F. Maox, vice- 
chairman; E. R. Wilkinson, secretary. 
October 17. Attendance 20. 

University of Louisville 

Relays, by C. B, Bldredge, student: 
Henry K. Redman elected secrets^. 
October 9. Attendance 21. 

Massachusetts Institute of Technology 

Inspection trips to the Milk Street 
Manual. Exchange and Toll Center, and 
Kenmoze Gommonweedth Automatic Ex¬ 
change, both of the American Tel. & 
Tel. Co. October 20. Attendance 21. 

The Relation of Engineering Edu¬ 
cation TO Industrial Careers, by R. 1. 
Rees, assistant vice-president, American 
Tel. & Tel. Co. Moving pictures and 
dinner followed this address. October 
23. Attendance 250. 

Michigan College of Mining and Tech¬ 
nology 

Three films presented, as follows: “.The 
life of Thomas Edison," “Trip Through* 
General Electric Works at Scheneotady," 
and “Behind the Luees.^' October 16. 
Attendance 66. ^ 

J. S. Francis^ student, outhned trip 
he had taken to several jndugtrial plants 
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in Detroit and emphasized the part played 
by electricity. October 30. Attendance 
26, 

Michigan State College 

B. W. Moore, chairman, outlined the 
advantages of student enrolment in the 
A.LB.E. October 13. Attendance 19. 

Life of Thomas A. Edison, by Carl 
Stringer, student. Accompanied by a 
film describing the development of the 
electric lamp. October 27. Attendance 
19. 

Unjyeffsity of Michigan 

JThb. Aims and Pukposbs of the 
A.I.B^., by Prof. S. S. Attwrood, counse¬ 
lor. Election of the following officers: 
Gary Muffly, chairman; R. W. Rocke¬ 
feller, vice-chairman; John M. Lyon, 
secretary; Z. C. Lansdale, treasurer. 
October 15. Attendance 46.. 

Some Aspects of the Thbbmad 
Problem in Electrical Design, by 
C. J. Fechheimer, Westinghouse Elec. & 
Mfg. Oo. October 31. Attendance 85. 

School of Engineering of Milwaukee 

Election of the following officers: 
A. OMund, president; Gale Young, vice- 
president; Robert Stephenson, secretary; 
A. Pflieger, treasurer. 

Prof. V. M. Murray stressed the ad¬ 
vantages of student enrolment in the 
Institute. 

Trends in Engineering Education, 
by Dr. J. D. Ball. October 14. At¬ 
tendance 134. 

University of Minnesota 

Prof. J. H. Kuhlmann, counselor, gave 
a talk on the purpose, aims, and activities 
of the A.I.E.E. and the student Branch. 
October 22. Attendance 16. 

Mississippi A. & M. College 

Blan and Purpose of the A.I.E,B,, by 
Dean L. L. Patterson, counselor. Com- 
•mittee appointments announced. October 
1 . Attendance 30. 

Film—“The Single Ridge.“ October 
26. Attendance 26. 

University of Missouri 

Carrier Current Communication 
Over High Voltage Lines, by J. B. 
Shepherd, chairman. October 14. At¬ 
tendance 31. 

Montana St te College 

Report of the Pacific Coast convention 
by H. T. Lambdin, chairman. October 
U ^^tendance 126. 

The following papers were presented by 
students: 

Tungsten Bows to. the Plating 
Bath, talien Scientific American, 

^ presented by Chagles Anderson; 

WSy^iDiSiQ Stresses ari^ RsLiEVEn in 
the Elbc^c Furnace, taken from 

December 1^31* 


Electric Journal, presented by Herbert 
Archibald; 

Saluda Hydroelectric Develop7 
MENT (from Electric Journal) presented 
by Harry Beck; 

Sales Talk for General Electric 
Review, by Everett Blanchard; 

Airplane Flight Aided by Elec¬ 
tricity (from Electric Journal) presented 
byEricBlannin; 

Producing Noises from Power 
Transformers, by Arthur Buckley; 

Whole World Helps Build Electric 
Generators (from Journal of Electric 
Work&re and Operators) presented by 
Edgar Dolum; 

Development of Gaseous Tube 
(from Electrical Engineering) pre¬ 
sented by Leonard Estey. October 8. 
Attendance 117. 

Graduate Training for Engineers, 
by Dr. James Tryon, Massachusetts 
Institute of Technology. October 15. 
Attendance 120. 

The Story of Edison’s Life, by 
Wesley Punk, student; 

Edison’s Achievements, by Armin 
Hill, student. October 22. Attendance 
109. 

The following papers were presented 
by students: 

Speed Street Car for Dresden 
(from Railway Journal) presented by 
Helmer Fallmau; 

Stabilization op Industry (from 
(?. E, Review) presented by Edward 
Fisher; 

Growlers for Armature Testing 
(from Electric Journal) presented by 
James Garrison; 

Free Wheeling Street Cars (from 
Electric Traction) presented by Vem 
Hankins; 

Dampers Installed on Hot 110-Kv. 
Line (from Eledrical West) presented 
by Curtis Hanson; 

Cylinder Pressure Indicator (from 
Electric Journal) presented by Edward 
Hughes; 

Biography of Alman B. Strowoer, 
by Roderick MacDonald. October 29. 
Attendance 115. 

Newark College of Engineering 

Electrical Show. October 9. At¬ 
tendance 158. 

Demonstration and lecture by S. P. 
Cfrace, assistant vice-president, Bell Tele¬ 
phone Laboratories, Inc. October 21. 
Attendance 200. 

Inspection trip to South Amboy power 
station, October 23. Attendance 32. 

Europe — Engineering Observa¬ 
tions, by Prof. Paul M. Giesy. Novem¬ 
ber 2. Attendance 31. 

Univerdty of New Mexico 

Histort and Development of the 
X-Rat Tube, by A. W. Francis, student; 

Theory and Explanation of the 
X-Ray Tube, by H. Mendenhall, stu¬ 
dent. October 13. Attendance 20. 


General discussion of Branch aotivilfies. 
Martin Zirhut elected vice-chairman. 
October 15. Attendance 10. ^ 

Austin True, chairman, gave a de¬ 
scription of the District meetfrig held at 
Kansas City. October 28. Attendance 9. 

College of the City of Now York 

(j^neral discussion. October 1. At¬ 
tendance 13. 

New York University 

The History, Organization, and 
Activities of the A.I.E.E., by H. H. 
Honline, assistant national secretary, 
A.I.E.E. September 29. Attendance 27. 

The Life of Michael Faraday, by 
R. D. Nussbaum, student. October 14. 
Attendance 16. 

North Carolina State College 

Purpose and Aims of the A.I.E.E., 
by G. E. Ritcbie, chairman; 

Advantages of Membership in the 
Student Branch, by Professor R. S. 
Fouraker, counselor. October 6. At¬ 
tendance 25. 

Design and Economics of Distribu¬ 
tion Systems, by Mr. Roewe, Carolina 
Power & light Co. November 19. At¬ 
tendance 55. 

Setting Poles in Florida with 
Dynamite, by J. E. Whitehead, student. 
Film—“The Electric Ship.” November 
3. Attendance 27. 

Univerfflty of North Carolina 

Education by Observation, by 
Prof. G, T. Schmenning. October 19. 
Attendance 60. 

North Dakota State Agricultural College 

Fred Payne elected chairman and 
Orville Isley, vice-chairman. October 2. 
Attendance 11. 

The State College Engineer, by 
Rae Taylor, student; 

The Student Branch of A.S.M.E., 
by Leonard Lynstad, student; 

The Student Branch op A.I.E.E., 
by Fred Payne, chairman; 

The Importance of Mathematics 
TO Engineering, by Mr. Hartwell, 
instructor; 

Scenes of Constantinople, by Prof. 
W. E. Smith. Joint meeting with the 
A.S.M.E. Branch and the Engineers 
Club. Octobers. Attendance 106. 

Life of Edison, by Oliver Bleoken, 
student Film—“The Story of Rail 
Steel.” November 5. Attendance 63. 

University of North Dakota 

First meeting of the season held to 
discuss plans for future meetings.^ Sep¬ 
tember 30. Attendance 15. 

Prof. H. J*. Rice, counselor, gave a 
r^sumi of the summer convention hel<^ at 
Asheville, June 1931. October 14. At¬ 
tendance 15. 
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UiiiTerBity of Notre Dame 

Bxpebibnobb in Enqineebing Wobld 
Since Graduation prom College, by 
Mr. Moyer, General Electric Co. Octo¬ 
ber 5. Attendance 54. 

Electric Light and Power in the 
United States, by Mr. Dietrich, Indi- 
ana-Michigan Electric Co.; 

Mercury Arc Rectifier, by Francis 
Joseph, student; 

Life op Michael Faraday, by Julian 
Quinn. 

Current news presented by Jack 
Scanlon. October 19. Attendance 74. 

Service Interruptions, by W. D. 
Stamm, Twin Branch Power Plant; 

Television, by William Mitsoh, stu¬ 
dent; 

Why I Chose Electrical Bnqinebr- 
iNG, by Joseph Doherty, student. 

Current news presented by Jack 
Scanlon, student. November 2. Atten¬ 
dance 74. 

Ohio State University 

Smoker. Octobers. Attendance51. 

Ohio University 

G. B. Wyohoff, chairman, gave a talk 
on the advantages of student enrolment 
in the Institute. Charles C. Colombo 
elected secretary. October 14. Atten¬ 
dance 24. 

Oklahoma A. & M. College 

Michael Faraday, by Paul Katlift, 
student. October 1. Attendance 19. 

Joseph Henry, by Clyde Wyant, 
student. October 8. Attendance 27. 

Prof. A. Naeter, counselor, Paul 
Ratlilt, J. Hutchins, ohaimian, and V. 
Smith described the District meeting 
held in Kansas City in October. October 
26. Attendance 26. 

Oregon State College 

Charles Boyle, Aluminum Company of 
America, gave a summary of the growth 
of the aluminum industry during the 
past 40 years, and pointed out the num¬ 
ber of recently found uses for aluminum. 
The three following films shown: ^^Blast- 
ing a Pre-Cast Dam Into Place,” “Con¬ 
struction of the 132-Kv. line from San 
Bernardino, Calif., to Hoover Dam,” 
and ‘‘Construction of the 110-Kv, line 
from Rock Island, Washington, to 
Skykomish, Washington.’* October 27. 
Attendance 77. 

University of Pittsburgh 

Eleotioh of officers as follows: R. A. 
Hartley, chairman; R. J. Campbell, 
vioe-'ChMcman; J. W. Stirling, Jr,, secre¬ 
tary. September 28. Attendance 36. 

Professor H. B. Dyohe, counselor, 
outlto6d the purpose and activiti^ of the 

A. I.E.E. Septembear ,25. ^Attendance 

:■ 

, Development of Vacuum Tubes, by 

B, Kertz, student; 



Power prom Tropical Seas, by H. S. 
*Loiig, student. October 1. Attendance 
A25. 

Mr. Goebel, Westinghouse Elec. & 
Mfg. Co., gave a talk on a Mediterranean 
cruise and a comparison of Enropean 
manufacturing methods with those in the 
United States. October 8, Attendance 
125. 

Fokeer Aircraft Construction, by 
W. L. Kaiser, student; 

The Electric System, by L. W. 
Moline, student. October 15. Atten¬ 
dance 119. 

Pratt Institute 

Discussion of activities for future 
meetings. October 15. Attendance 22. 

Automatic Control of Load and 
Frequency as Applied to Hydroblbo- 
TBic Stations, by R. Neumann, student. 
H. P. Miller, of the School of Science and 
Technology, spoke on the importance of 
the A.I.B.B. in the engineering profession 
and the advantages of student enrolment. 
October 22. Attendance 48. 

Purdue University 

Prof. C. F. Harding gave a talk on the 
history and activities of the A.I.E.E. with 
particular reference to the Student 
BroDohea. October 6. Attendance 200. 

Rensselaer Polytechnic Institute 

Talks on experiences during summer 
employment were given by seven stu¬ 
dents. October 13. Attendance 144. 

Rice Institute 

Film—“Buried Sunshine.” October 
14. Attendance 17. 

Film—“Cohowingo.” October 28. At¬ 
tendance II. 

General discussion. November 4. 
Attendance 27. 

Inspection trip. November 6. At¬ 
tendance 19. 

Rose Polsriechnic Institute 

ElectioiL of the following officers: 
John Montgomery, president; Paul Froeb, 
secretary-treasurer. October 8. At¬ 
tendance 18. 

Professor C. 0. Knipmeyer, counselor, 
outlined the history, purpose, and benefits 
of the A.I.B.B. October 21. Attendance 
38. 

A Student’s Attitudb Toward His 
Work, by James Payne, read by Charles 
MacGdIlvary, student. October 28. At¬ 
tendance 39. 

Rutgers University 

Smoker and organization meeting. 
Election of officers as follows: iSrederick 
Fisher, president; Floyd Taylor, vice- 
presideht; Lucas V. Banta, seooretary; 
Harold Measly, treasurer. September 28. 
Attendance 27. 


University of Santa Clara 
Application of Aluiiinum to Trans¬ 
mission Line Construction, by Howard 
Fly, Co. of Amerioa. Illus¬ 

trated. Joint meeting with the A.S.M.B. 
Branch. October 15. Attendance 109. 

University of South Carolina 

Appointment of executive, meetings 
and papers, publicity, and membership 
committees. October 8. Attendance 10. 

South Dakota State School of Minee 

Harold Jepson elected seoiif^tary and 
Roy Full elected vice-chairman.^ Sep¬ 
tember 29. Attendance 26. * 

University of Southern California 
Dean P. S. Biegler, chairman, Los 
Angeles Section, gave a brief survey of 
the work carried on by the Sections and 
stressed the.importaace of students taking 
an active part in Branch activities. 
September 16. Attendance 31. * 

F. G. Philo, Southern California Edi¬ 
son Co., Ltd., gave an illustrated lecture 
on the development of the present steam 
plant at Long Beach, Calif. September 
23. Attendance 35. 

T. M. Blakeslee, Bureau of Water & 
Power, gave an illustrated talk on the 
development, design, and uses of the oscil¬ 
lograph, showing the various types of 
multiple element units. September 30. 
Attendance 30. 

Interconnections between Substa¬ 
tions and between Different 
Power Companies, by W. W. Austin, 
student. Ootober?. Attendance^. 

Industrial Application of^ the 
Photoelectric Cells, by Edwin W. 
Morris, Westinghouse Electric & Mfg. 
Co. October 14. Attendance 31. 

Stanford University 

M. R. Jones, Jr., ^ohairman, gave a 
r4sumd of the Pacific Coast conventiou 
held at Lake Tahoe, in August. October 
15. Attendance 30. 

Stevens Institute of Technology 

Prof. Kenneth S. M. Davidson gave a 
talk on yacht design. Lunoheoh served 
before the meeting. Election of officers 
as follows: Femley L. Fuller, chmrman; 
Robert A. Chadbum, secretary. October 
30. Attendance 45. 

University of Tennessee 

The Largest Metered Tbansform- 
EBS, by E. D. Jones, student. Demon- 
, stration of high voltages given by 
Professor J. G. Tarbonx, coun^or. 
October 21. Attendance 40. 

Texas A. & M. College 

Vacuum Tubes, by C. C. Nash, 
student. Election ^f th^ following 
officers: R. L. Suggs, ek^irmaa; E. Bartel, 
vioe-ehairman; G; H. Samuels, «ecr€>tary- 
treasurer. October 20; Atte|tdan<^45. 
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Texas Technoloffi^al College 

Atmospheric l^LBCTRiaTY, by Charles 
E. Houstbn, student. October 15. At¬ 
tendance l5. 

University of Utah 

How Does the College Education 
Pay? by Mr. Huntsman. October 16. 
Attendance 25. 

Univ rsity of Vermont 

STtt.Tic Electricity, by G. S. Flagg, 
student. Demonstrated. October 12. 
''Att^ndanm 1^. 

Vii^ginia Military Institute 

Th^Lipb of Clerk Maxwell, by 
J. M.^Prossbach, student; 

Wind Rotor Generators, by J. B. 
Taylor, student; 

The Economic Side op Pubuo Utiu- 
TiES, by L. B. Jones, student; 

Life op Joseph Henry, by E. L. 
Kostainsek, student. Prof. S. W. 
Anderson, counselor, supplemented this 
paper with some interesting facts con¬ 
cerning, his experiments and his con¬ 
temporaries. October 24. Attendance 
70, 

Film—*^The Building of the ‘U.S.S. 
Akron,^” Novembers. Attendance 04. 

Virginia Polytechnic Institute 


Telephone Plant, by G. L. Larson, 
Paciflo Telephone & Telegraph Co. 
October 29. Attenda^nce 24. 

Three fllrnA shown, as follows: ‘^The 
Electric Ship,*’ ‘"Beet Sugar Production,” 
and ‘^Conquest of the Cascades.” Nov¬ 
ember 5. Attendance 20. 

Washington University 
Discussion of Branch activities. Octo¬ 
ber 8. Attendance 27. 

Business meeting. November 7. At¬ 
tendance 16. 

West Virginia University 

The following talks were presented by 
students: 

D-C. Power Transmission, by 
Kenneth DeMoss; 

Bottung Eleotbic Heat, by Morgan 
Sprigg; 

3,600-R.P.M., 60-Cyclb, Two-Pole 
Alternators, by E. L. Engle; 

CoNOWiNGO Hydroelectric Devel¬ 
opment, by G. B. Hervey; 

Synchronized Films, by V. S. 
Montieth; 

Cylinder Pressure Indicators, by 

G. L. LeFevre; 

Construction op Vacuum Tubbs, 
by R. R. McCue. October 12. Atten¬ 
dance 30. 


The following talks were presented by 
students; 

Electrical Resistance Strain 
Gauge, by S. J. laquinta; 

Beniamin Garvbr Lammb, by C. L. 
Barton, Jr.; 

Series Street Lamp Cut-Out, by 

J. Kayuha; 

Testing and Changing Insulators 
IN Service, by P. Skaff; 

Lighting System in Detroit Citt 
Airport, by D. C. Kennedy. October 19. 
Attendance 30. 

University of Wisconsin 
Film—-‘‘Glimpses of the Orient,” Octo¬ 
ber 6. Attendance 75. 

Commercial Engineering, by J. K. 
AiEanasiev, student. October 20. Ab^ 
tendance 55. 

University of Wyoming 

General discussion of activitiesfor future 
meetings. October 15. Attendance 12. 

The Functioning of the Short 
Wave Transmitter, by Roy Perkiiis, 
student. October 20. Attendance 10. 

Life op Edison, by F. W. Wicken- 
kamp, student. lUustrated. G. H. 
Sechrist, counselor, gave a talk on the 
activities of the A.I.E.E. November 3. 
Attendance 23. 


Insulation op Electrical Appara¬ 
tus, by S. S. Brown, student. J. V. 
Burgess, student, gave a report on the 
Signal Corps of the U.S. Army. October 
22 . Attendance 38. 

Lipb^op Thomas A. Edison, by J. R. 

Perrine, student; 

Research Work in the Electrical 
Field, by R« P. Hankins, student. 
October 29. Attendance 43. 


EmployoAcnit IVoteis 

OflLeE>«i»eeri.« Sotdiefies EmploYm^ndl Serrice 


Vacuum Tube Millivoltmbtbr, by 
W. Richardson, student; 

♦Dial Telephone System, by D. B. 
Young, student. November 5. Atten¬ 
dant 56. 

University 6f Virginia 

Prof. W. S. Rodman, counselor, gave a 
'‘talk on Ijie ldstoiy» aims, and purpose of 


Men 

Available 

BLBOTRIOAL BNGINBBB, graduate, mar¬ 
ried, 28, with wide e^^ierience In Industrial plant, 
electrlcid construction and malntonance: ralln^y 
electriHcatlon; power pkuxt desten, estimating, 
and aupervlaory construction. Experience utitn 
electdc contractor; cost analyslB. Desires 
position with future. 0-4428. 


trouble shooting, and experience with larg 
municipal fire alarm system. Desires position 
with inaaufacturing concern or public utility. 
Willing to start atbottom. Location. Middle- 
west pi^ored, but elsewhere satisfactory. 
0-9825. 

1931 BLEOTBIOAL ENGINEBRINQ 
GRADUATE, Midwest unlv^ty. 23, s&e. 
Three months’ experience with large public 
utility. Desires position with any manufac¬ 
turing firm or public utiU^> Best or references. 
Location, immaterial. 0-9984. 


the A.I.E.E. and student enrolment. 
October 19. Attendance 10. 

State College of WasMngton 

Introduction of officers, and report on 
Pacific Coast Convention. October 1. 
. Attendance 38. 

University of Washington 


RECENT GRADUATE, ago 21. ^le, 
Citizen, good health, Protestant, B;EE. degree, 
■drafting and clerioal experience, orgaifization 
workTwould like to locate wi^ a firm d^lng 
wi^ illumtoation or radio. Location, Bast. 
0-9766. 

EXECUTIVE-MANAGER. pubUc u^ty 
property. Technical education, construetion, 
operating, management. P<wt six years 
soltant. executive eng^eor ^th foreign 
Previoiis ten years vrtth nationgly knovm hold¬ 
ing company intenrests. Available immediately. 
0 - 4086 . 


Skagit Project, by Glen H. Smith, 
City of Seattle, Department of Lighting. 
XUusti^ted wil^ slides and motion pio- 
turesj^ October 9, Attendance 20. 

♦ Tims Aspects op Commeroial Engi¬ 
neering, by H. M. Gustafson, General 
Electric Cot Octebefl5. AttendimoelH. 

Electrical Coiiitbacting, by Clifford 
Johnf,^tu^ent. October 21$, Attendance 
15 , 


ELEOTRIOAL ENGINEER, B.S. In E.E. 
in cooperative coUego, age 23. experience in 
radio tube research, physical teste on 


DISTRICT SACiES MANAGER or manu- 
faoturer's agent; experien^ rep^ 

sentative, desl^ connection vdth high gi^e 
company that has line of industrial or utOlfar 
BQfaipment. Eastern location preferred. B-4067. 

1931 GRADUATE of fiv, year coopemtive 
school in electrical engineering. B.B. degi^, 
age 23, sin^e. Cooperative experience indices 
ipftclilue shop pracuse, telephon centnd omce 


OVERHEAD DISTRIBUTION ENGI¬ 
NEER, Qconomic cutting of losses, economic 
transformer spacing, economic wire sizo. correct 
voltage, will more than save your company the 
cost of my salary. Let mo show you now I can 
make your distribution system more economical 
and efficient. Twenty ^years’ ^ experience. 
Speaks Spanish, married. United States 
preferred. 0-2453. 

FINANCIAL ENGINEER, ComeU CM.B.- 
E.E.). Twelve years regulator commission; 
four with utility holding management corpora¬ 
tion ; eij^t montiis intensive course bond buying 
department leading insurance company; em¬ 
ployed almost four years thereafter on finan^l . 
and fact-finding investigations by outstanding 
consult!^ en^eering organization. Desires, 
^^rt^ity New York City. Salary opouv 


GRADUATE OF STEVENS INSTITUTE 
OF TECHNOLOGY, 1931, in mechanicqil engi¬ 
neering, age 23k and single. Has had experience 
in commurio^on, electrical Installation, test 
and mamtenance for eight years. Consdenti uS, 
practical, andinlling to do any sort of englnesc- 
fiagwork, 0-9976. 


, 1981 GRADUATE ELECTRICAL Bl^I- 

NEER, 29, Swears* cooperative experience with 
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eastern public utOlty. ^ years* dating and tool 
design enerleoce before beginning college 
course. Smgle now, nxarried iraen permui^t 
position btatoed. Desl^ 

leome contact with engineering work, AvaUabl© 
on one we^'s notice. Location, anywhere. 
0-98S4. ^ 

GRADUATE BLEOTRIOAL ENGINEER, 
24. B.S. in E.B. Knowledge of de^gn. oon- 
structlon of indicating instruments, also knwi- 
edge of electron tube. Two year ooopei^ve 
course with Weston Electrical Lwtrument <^r- 


electrical engineer. Stonford 
University 1929: one year West^oi^ Oom«e, 
piAiitSfl * experience in manuiacturiim pla^, 
development and design; nine months experi¬ 
ence in materials testing laboratory, eng^eering 
mechanics section, bureau of standara. De¬ 
sires position in research work in phmcs or 
electrli^ endearing. Available immediately. 
0-8618. 

GRADUATE BLBOTRIOAL ENGINEER. 
22, singl . Five years electridan’s helper and 
elecSddui. experience on smaU lighting idants 
and water mtems, six months as machmiOT, 
five months westln^ouse Test covering s^^- 
boards. circuit breakers, and detailed apparatus. 
Desires position relating to power genw^ 
tlOD and distribution. Location, immaterial. 
0-9981. 

ELECTRICAL ENGINEER, 22. sl^e, 
1981 technical graduate desires work. Four 
summers' pera^g experience In large Pa|^ 
mui win go anywhere, speaks Russian. D-23. 

ELECTRICAL ENGINEER, married, age 
29. graduate in E.B, 1925, six yearn' «Pgri- 
ence In enginewing and drafting ^rk ^ 
prominent en^ewng firm, thoroughly fan^w 
with power rtatlon and substatim wwk. bo^ 
physical and wiring. Desires poritlon with pub- 
uc utOity, or manufacturer of electrical equip¬ 
ment. AvaiUydelniiuedlately. D-22. 

GEADUATB ELECTRICAL ENGINEER, 
married, 84, G. E. Test, and ten y^' w:perl- 
ence in the utility Add, particularly in engto^r- 
ing nudntenance work of underground dls- 
5B)ution systems, including 
networks. Desires iK>^on with u^i^r m 
Middleweet or South with rewKmsibiUty for 
design or maintenance of distribution system. 
0-1191. 

BLBOTRIOAL ENGINEER, single, 1928 
graduate, G. B. Test. Some power plant and 
railway substation installation experience, also 
QualiSkl as radio operator. Considerable ex¬ 
perience with mercury arc rectifiers jmd am^ 
matie swit^ear. Would prefer position with 
consultliig engineer, or similar firm. D-13. 

GRADUATE ELECTRICAL ENGINEER 
from northern college of cooperative type; 
B.S. In B.B.. 28, ^ide, Protestant. Con¬ 
siderable macoine shop and construction ex- 
p^ence, automotive practise; two years in 
cooperative G. E. Test Course, control equip¬ 
ment. Seeking opportunity in engtoeeri^ 
ftrtd development. Location and salary 
seoonda^ to opportunity. Available short 
notice. D-3d. 

BLBOTBICAL ENGINEER. 32, single, 
E.B. graduate 1922. Wesdngho^ Graduate 
Student Course Induding electrical design 
sdiool. Six years' experience Induction motor 
design. One year industrial sales and two years 
appQcation work onjaower house auxiliary mec- 
trical equipment. Desires position as desi^, 
applicanon or sales engineer. Available Im¬ 
mediately. liocatlon, immaterial, 0-9947, 

GRADUATE ELECTRICAL ENOINBBR. 
24, single, B.'S. in BJB., W.P.I. 1931. Four 
years* experience in construction: one year's 
experience in transmission work. Desires work 
in any electrical enginewtng field. Available 
at once. Lo^Uon, optional. D-45. 

* ELECTRICAL CONSTRUCTION ENGI¬ 
NEER, gr^uate Case School of Applied 
*Scienoe 19^, i^e 27, marri^. Three and one- 
half years' ea^erienee with large electrical 
contractor in estiinating, design, control work 
and fieild supervision. Excrilent references. 
Middleweet locarion preferred. Available 
immediatdy. D-46. 

SAHiCS engineer, B.S. inJB}.E. 1926, 27, 
sinfile, experienced indicating instruments, 
UtlDty purchasbig department, test department, 
G 4 *B. meter laboratory, radio sales and service, 
' tend retail store management. Desires a con¬ 
nection with a future. Location, Immaterial. 


ELECTRICAL DESIGNING ENGINEER. 
86. Sir years power plant and preliimnary 
studies, for standardizamon of indoor and out¬ 
door substations. Six months power comI^c- 
tion work. Two years drafting, standardization 
of factory planning and electrical Mulpii^nt. 
iSro years u^ection and testing, of elecmcal 
equipment. Desh^ connection with consulting 
Angitifters. New York City preferred. D-14. 

GRADUATE ELECTRICAL ENGINEER, 
32, married, nine years’ experience, research 
and development of small electrical devices and 
instruments. Some experience in the construc¬ 
tion of photoelectric tubes, ^ht valra and 
cathode ray oscillographs. Considerable ex¬ 
perience in telephone, r^o and railway signm- 
mg development. Available on two we^s 
notice. Location in Chicago preferred. D-58. 

GRADUATE ELECTRICAL ENGINEER. 
32, si^le, B.S. degree In E.E. Three y^urs 
Westinghouse Test, seven years supervise 
power plants, substations and transmission line 
construction. Eight years engineering inspector 
purchasing, exp^tor, resident engineer and 
writing specifications. Excellent reference. 
Desires connection with holdix^ company, 
utility, contractor or manufacturer. Available 
immediately. Location, immaterial. B-9661. 

ENGINEER, Electrical. 37, native Ameri^, 
exp^ence:—^industrial mills, drives, lighting 
generation, control, protection, underground 
distribution and some transmission, also desimi. 
field -work, writing of specifications and calcula¬ 
tions. Immediate placement anywh^ vay 
urgent; and salary can be easfly arra^^ to the 
satisfaction of interested party. Willing to 
learn new phase. B-3172. 

ELECTRICAL ENGINEER, Pratt gi^u- 
ate 1928, age 24, single. Three years* telephone 
experience. Knowledge of long and short haul 
circuit layout, cable including gas preset^ 
protection, nnderground circuit and pole line 
construction, economic studies, estimati^ and 
teclmi^ photography. Available immectiat^y. 
Location desirod. New York City or vicinity. 
D-59. 

ELECTRICAL ENGINEER. 29. Univer¬ 
sity graduate, degree of B.Sc. 1923. Two 
years^ experience with large ms^gement ^md 
engineering company in Middlewest. Six 
years' experience with nationally known elec¬ 
trical manufacturing company in sales, design 
and production departments. Derires ppmtion 
with manufacturing company. Available on 
short notice. Location. Eastern states pre¬ 
ferred. C-9995. 

GRADUATE ELECTRICAL ENGINEER, 
1929, single, age 23. Fifteen months as student 
engineer on G. E. Test. Some test, drafting, 
and switchboard construction experience before 
graduation. Interested in porition with concern 
doing consulting or construction work or with 
utility or manufacturer. Available at once. 
Location anywhere in United States. 0-8028. 

1931 GRADUATE of cooperative college. 
B.S. in E.E. Age 22, tingle. Six months' ex¬ 
perience with manufacturing coi^any, thrM 
months of plant maintenance and fifteen months 
with pi^c utWty. Desires p<»ition with any 
manufacturing, utWty or engineering concern. 
Location, iminaterial. Available at once. D-40. 

M. I. T. GRADUATE ELECTRICAL 
ENGINEER, 86, married. Six vems' todustrlal 
and teadiing e^mence In electrical engmeeruig. 
Sevei^ years private research and development 
work on own initiative. Good ability, integrity, 
and personality. Desires university teachi^ 
position for life work. Location preferred. 
Middlewest or South. C-2826. 

DISTRIBUTION SUBEBTNTBNDBNT. 
age 46. Twelve years’ experience as sup^- 
intendent of distribution and tr ausmtqd on al^ 
metering equipment with public utilities in 
Central and South America. Spanish spoken 
fluently. Available now, unemployed. B-9642. 

UNIVERSITY OP MAINE GRADUfi^E. 
B.S. in E.E., 1929, single, 23,2K years ^fting, 
railway sig^Iing. jOesires any engineering 
position. Prefers lUuininating ^englneoriM or 
teaching. Location, immaterial. Available 
immediately. D-65. 

ELECTRICAL ENGINEER,^ 88, married. 
Seventeen years' experience,^ design, construc¬ 
tion and Inspection. QualifiM to talm completo 
charge of project from preliminary cost aniuysis 
work to •©‘niiib of construction. lAst a ssi gnm e n t 
as superintendent of <X)nstruction on $20. 000,000 
tiectrical and mechanical project Willing to 
travel. Salary commensurate with position. 
Available immediately. B-4466. 

SALES EXECUTIVE OB ENGINEER; 
Graduate electrical engineering and business 


administration. Three and one-haU yearn sales 
manager with largest corlwrn in its Indusbpr. 


sales promotional anf adverti8iiig#experlen<». 
Would also consider purchasing poti^on. Avail¬ 
able imme^tely. B-7964. 

ENGINEERING EXECUTIVE, 33. elec- 
trical and mechanical gr^imte, ten ^rs 
experience in management, desigiwcoMtructiw. 
production, accounting, ^d sties, with s^ 
mill, manufacturer, and utility, deslr^ position 
as chief englneei^ works manager. 
tlve capamty where a cahi^ judicial disposition 
coupled^th initiative and aggressiveness will 
show up in results. C-1297. 

ELECTRICAL ENGINEER, 26, single,' 
B.E., two years' public utility oxperiwee In 
construction, distribution, t^te of eqifipment 
and domestic appliances, and inv^Ufi^tions of 
abnormal conditions. Three ye^itf rierlc^ 
experience in cost of production. C^ hai^e 
responsibility. De^es position with public 
utiuty, contoctor, or manufactm*er. .Refer¬ 
ences. liocation, immaterial. Availw]e*lm- 
mediately. D-47. r 

ELECTRICAL ENGINEER, E.B. degree. 
36. single. Fourteen years* experience public 
utilities covering valuation work, rate investiga¬ 
tions, engineemg power plants, substations, 
transmiss^ lines, including estimates, spocin- 
catlons, design. Experience covers short-clrciut 
studies, stoblUty analysis, inv^tigations of sys¬ 
tems for load conditions. Desires position, 
holding company, ope^ting conmany, or wn- 
sultlng engineer. Available immeoiato. 0^670. 

ELECTRICAL ENGINEER, 45, ^mi^led, 
graduate of Virghda Polytechnic Institute, 
1999, B.S. In B.K ^Twenty-three years’ ex¬ 
perience vrith the Bell System and the Inter¬ 
national Telephone and *rel6graph Corporation 
in telephone central office equipment design and 
p lft-finirtg for toll, manual ana automatic dial 
operations. D-48. 

BLEOTRIOAL MECHANICAL ENGI¬ 
NEER, six years' varied design, constiractipn 
and operating eroerienco on electrified railroads: 
famUiar with valuation work and the design of 
trmismission linos, catenary systems, substations 
and motive power. American college graduate, 
membersbto in A.S.M.E., A.I.E.B., A.E.R.E.A., 
A.R.A. Wishes position anywhere with con¬ 
sulting firm, power company, railroad or manu¬ 
facturer. 0-8463. 

ELECTRICAL BNGINBBR.^^jmlvorsl^ 
graduate, 1910, 
and li|^t eler^-' 

tion offering ouiuxu. W Vi>9Wiia4^ a«M»vTw^ 
once. Eastern location preferrod. B-1023. 

TRACTION ENGINEER. 28, Single, five 
years' experience electric traction shorn as in¬ 
spector, since then and at present in chari^f 
service of the Southeast on registers. 
years at G^rgla Tehh., later gradated in 
electrical engineering from I. O. S. WasJ^o 
oi>erator. Desires position as assistant engineer 
for electric traction. D-80. 

BLEOTRIOAL-MEOHANIOAL ^ ENGI¬ 
NEER, graduate of M.I.T. 1910. Competent, 
resourceful, sincere. Eleven years' expurience 
in telephone circidts, radio rotting and manu- 
facturiog. sound eqtiipment desl^. 
mechanical development design in similaf fields' 
or research work in the application of vacuum 
tubes to voice or allied channels. 0-310. 

ELECTRICAL ENGINEER, 30^ married, 
Wisconsin graduate. Two years constructiem: 
Westinghouse Course, two years traction engi¬ 
neering; one year appraisals; four years indi^ 
trial engineering sales dovelopment „work. 
Broad knowledge various indus&les. SpoowJ 
preparation in economics. Desires employment 
in surveys for financial or commercial firm; 
investigations; industrial sides; power sales. 
Location, East, Middlewest. C-3082. 

ELECTRICAL ENGINEER, 27.^ single, ^ 
experienced in estimating, detaUing and layout 
of substations, transmission, and dls^bi^on 
lines. Also relay testing. Desires position 'vrith 
utility or engineering concern. Location, im¬ 
material, D-89. 

GRADUATE COMMUNICATIONS EN¬ 
GINEER. Purdue, 1930. Age 24, married, 
experience with the communication moblems 
of railway service. Familiar with ^esl^ 
Union and Bell System service. Also consider¬ 
able practical work with control equipn^t. 
Instrument repair and maintenance, and with 
radio. Xiocatibn, ImmateriaL Available on 
short notice. D-M. ^ • 

GRADUATE ELECTRICAL Ei^GIpBBR.* 
36, married, years' expepdence in low 
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tension eauipmentf and signaling devic^. 
Thoroughly with devices involving 

time ^ment andyfcontroUing apparatus for 
special application^^ Has had designing and 
manufacturing experience. Location, fmtn^ 
terial. 'WUl accept for^n apiM>intinont. Avail¬ 
able at once. 0-3820. 

GRADUATE ELECTRICAL ENGINEER. 
83, married. 3 years radio telegraph, 9 
sup rvision siandardization involving: Disti^u- 
tion system'^terials. construction, generating 
stations, substations, special, eq^pm^t. ^ 
terial dmgn, insulation coordination, sunplmed 
nractlses uL Dur<diasing, etc. Desires position, 
industrial sImpUhed 
practise: general engineer where practlou In- 
Witlve, devdopmental ability is required. 
Prefers Midwest. S utheast. D-44. 


«xp«Etaice in vnouum tube,, and their appUca-x agtioM todgstriaia. WUlng to 

Aleua nrt4-h leoatsf^t* lintfifl AaIm AmAriAnAfi I dlffiCUltiOb. C-043J.. 


_ _ _ _OUBHIAVIA® OUU** M 

^^also^with r^tstor units. Sides expefi«iw I difficult Job. 0-5431. 
in radio, telephone and 8o\md systems. Derir^ i 
position in reseaj^, radio, television or sound. ? 

A^^iiable now. 0-5036. •J 


SALES EXECUTIVE ENGINEER, dectri- 
cal and mechanical Gaining, seven years 
sales engiue^iDg and executive experience, in 
appllcatibn ofprecision equipment to electrical 
equipment, would like opportunity to develop 
smes of meclumical product allied with electrical 
industry or of electrical nature sold to central 


COMMUNICATION ENGINEER. 81. 
single, Bx^orieneed telephone, radio Instal^ 
design, development of testing equipm^ 
for telephone, radio, sound picture circuited 
design, use of seml-niU automatic <<ite8ting cir¬ 
cuits to eliminate human element in testi^; 
industrial applications of photoelectric cells, 
thermionic tubk. Best r^aren^ 


DESIGN ENGINEER, ^native Amerj^. w w w W 

ag 33. married, tedmlbal education, industrial A M ^ 

^^ Sjftii^lS^St?automaS^ub8tations. 

to l&ncUe men. write specifications, knowl- -■ 

edg of concr^ and steri desicm, air oonmre^r 

ventilation installations. Location, Oentral - 

U.S.A§)referred. 0-9849. 


STfI>ERINTENDBNT of distribution, 44, 
married. Graduate LoweU Institute S(Aool. 
Auspices Massachusetts Institute Technology, 
electric^, industrial management ooursm. 
Twenty years’ electric utility operating exig¬ 
ence: engineering, construction, operatton.. 
maintenance of distribution, tra nsmissi on linos, 
substations, trawortatlon. tot ^d. educjr 
tional works. Has sufficient public utility 
opefating experience to qualify for position of 
superintendent. 0^11» 

1931 GRADUATE IN ELBOTRIOAL EN¬ 
GINEERING, B.S., Worcester Pojytec^c 
Institute, single, 22. Desires connection with 
man^acturlng or public utility concern. Loca¬ 
tion and salary secondary, experience, primary 
consideration. 0-9627. 

GRADUATE IN ELEOTRIOAL EN<H- 
NEBRING, 1931, age 26, singl^hM B.8. in B.B. 
One year of electrical testing with large utility 
company. One year of electrical drafting of 
power and control switchboads. Three yearn 
w rk in practical electricity. Interest^ in 
construction and supervi^n of small pltmts. 
Available at once. Location, anywhere. 
0-9467. 

ELBOTRIOAL ENGINEER, maiTlod. uni¬ 
versity gi^uate, B.B., M.E. Twenty-two 
years’ experience, designing, constructlon^wer 
plants, substations, transmission, distribution 
systoms. Industrial plants. , Three y^ 
tlve experience charge engineering deparfaUont 
large utiUty syndicate. Three years charge 
purchasing engineering, equipment, foreto 
fiiterests.. Reads, speaks fluently Eiwlls^ 
German. Russian, Turkish languages. Avail¬ 
able Immediately. D-84. 

ELEOTRIOAL ENGINEER, 38, married. 
B.S. B.B. 1921. Ten years automotive ,mm- 
tenance. G. B. Test. Three years deslgnto 
Or ., d-c. motors, generators, arc welding equip¬ 
ment, control. Three years develop^, do- 
st g rtfn g d-c. motors, generators, control for 
automotive drive. Three years automotive 
development, maintenance bus, cab company. 
Inibrested, electrical automotive, design, main¬ 
tenance. D-95. 

- EfcBOTlftOAL ENGINEER. ,25. ^e, 
B.S. in B.B., 1931, desires work. Interested in 
mannfactur of electrical ma c h i ne ry or radio. 
D-97. 

GRAinJATB ELEOTRIOAL ENGINEER, 
young, single. Blectr^^ and accounting edi^ 
cation, ^umeyman electridui exptfuenced 
In Industrial and commercial cons^ot^u. 
Also two years with public utIUty OTglneermg 
division. Desires position with industri^d or 
contracting concern or with 
Location, foreign or Western U.S., Isolated 
plants satisfactory. D-96. 

ELBOTRIOAL ENGINEER, age ^^jjechnl- 
cal school graduate, desires position with rail¬ 
way, Industrial plant or con^to 
Tw^ty-four years’ experience with la^e street 
raflvTay and tiectrical contractor on desigumg, 
estimating, construction, and oporatiom tie^ 
tcical and mechanical. Has oonride^le 
executive responsibility. ^nver^t 
power reports and new projects. Prefer isast. 
0-7202. 

BLBOTRIOAL-MBOH./^0^ 
iNBBR with metallurgical knowle^e. Oolite 
graduate with post-gradimte stu^. Age 80, 
married. WesihighouBe deri^ tmtaing. Six 
years’ experience design electrical riremts and 
pfTiAfthA.ni/»a.K coutTol wparatQA 

specialized in elevatw eqmpm^t. Interested 
in alloy welding restfa^. Location, immaterial. 
Avafl^le wn short notice, 0-^8, 

BI^TB&AL pNGlNEER, 1931. Slight 


Recommended 
for Transfer 

Th« boaid of examiners, « !*• 

October 20, 1981, recommended the foUoT^g 
members for transfer to the grade of member^ 
ship indicated. Any objection to ^eso trans¬ 
fers should be filed at once with the national 
secretary. 

To Grade of Fellow 

Oarhart, Prank M., partner. Jackson & More¬ 
land, Boston, Mass. 

To Grade of Member 

Giese, Raymond O.. division plant engr., 

, /ImAHALn Tel. & ’Tel. Oo.. Denver. Oqjo. 
Hieson. Oharles R.. sunt, of distribution, Utah 
A Lt. Oo., Salt Lake Oily, Utah 
Hughes. M. O.. acting head of elec. engg. dopt.. 

a. & M. Oollege, Oonog^tation. 

Texas 

Putman, Henry V., manager, transformer e^g. 
deStTWesttokiSuM & MfS. S>.. 

Sharon. Pa. _ 

Bode, Norman F., professor of dec. engg., Texas 
A M. OoUege. Oollege Station. Texas 
Smith, Robert P., sales ^engiuW^nghouse 

Elec, A Mfg. Oo., Jac^nvflle, Fla._^ 

Tabb, Warner ^ consulting-technical writing, 

Tangiof AlexanSier^A., chief Installatloh Inspec- 
electricity dept.. Town Hall, Sydney, 
N. 8. W.. Australia 


Applications 
for Election 

Applications have been re^v^ by the seo 

otb&a the name. Any member objeetto to the 
election of any of these ewdida^ ehpnld w 
inform the secretary before Decemb^ 81, 1981. 

Ackerman, O. D.. Peerless Br^ Machine Oo„ 
Sidnev. Ohio 

Add^ J. G., Jr.^i^Vtaaber) Marc Bldlitz A Son, 

Anduja?Phliadelp|to Business Progress 
Assodatton, Philadelphia. Pa. , ^ 

Ashmore. O. B.. Dallas Power A Light Oo., 
Dallas Tex. 

Actzlne. A*. D^, Canadian A General Finahce 
Oo..Ltd.jtoronto,Ont.,Oan. ^ 

Ayers, Bf. H., General Electric Oo., Schenectady, 

BassUla^^., University of Wisconsin, Madir 

BauSuVIu’, Penngrlvania Power A Light Oo., 

BaumiSm?^^H.?^POTnsylvanla Rtilroad. New 

BauM^a^tP. W., Kansas Olty Pr. A Lt. Oo., 

Becker, D. E., Marquette University, Mil- 

Bixbyf^^H^ University of Michigan, Ann 
Arhnr. Mich. • 

Book, O. b*., Hydpo-ti^tric Povw Oomm, f 
6ntario. Niagara FaUs, Ont., Can. 


Boron, J. S., 412 Mercedes Ave., Pasadena. 
Oalif. 

Bosnian, I. A., Board of Public Works, Holland, 
Mich. 

Boutejd^ L. B., Brooklyn Edison Oo., Brookl 3 m, 

Bourne, R. D., Dallas Power A Light Oo., 

Bretschn^erf^M. E., Kansas Olty Power A 
light Oo., Kansas Olty. Mo. ^ 

Brotzman. B. American Tel. A Tel. Oo.. 
Oharleston, w.Va. 

Brown, J. G.. 127 Montgomery St., San Fran¬ 
cisco, Oalif. 

Brown. W. B., 68 Forest Ave., Hawt^me, N* J• 
Bnmckd. H. P.. Northern States Power Oo., 
St. PauL Minn. ^ 

Brusa. A. L„ R. F. D. No. 1. Waterfor^ ponn. 
ByrSj^, F.. Ohio State University. Columbus, 

Canon, A. B., 1224 Oberlin Drive. Glendale, 
Oalif. 

Ohla. 161 Scotland Road, South Orange. 
Conroy, J.G^ American Tel. A Tel. Oo.. South 
OEal^^W.*S., Jr., Duquesue Light Oo., Pitts- 
,.Southwestern Gas A Electric Oo.. 

Oram^ri^*S.!^ew York Edison Oo.. New 
York N Y 

■ L*. W.,’l2 Elmwood Bd., Swampscott. 


OrOT^I^. O., General Cable Oorp., Emeryville. 

Orowson, F. B., Jr., American Tel. A Tel. O 

r hiiYimiii^ ^^**F!”^*General Electric Oo., Fort 

Danste^^sl^W Bast 9th St.. New York. N. Y. 
Darley. W. 6., Gonei^ Electric Oo., Oleveland, 

Dawsim? J. A., The Ohio Bell Telephone Oo.. 

Dial^!^?^ow*^rk Edison Oo., New York. 

D1 ToroTM. J.. Brooklyn Polytechnic Institute, 
^tpooklviL PT 

Dudl^, B., institute of Radio Engineers, 

Ba8tD^,^F^^!l^,*^*^ G^eneral Electric Oo.. 

BUett^B^^ The’^^irghilan Railway, OhrisWans- 
burgtVa. ^ , 

Engvall. L. R..Vega. Wad^, ^ ^ 

Ertfo^ 4. J.. ^hird Ave. Elec. A Supply Co., 

Fag€?^. R?f^en^ Electric Oo.. Los Angeles. 

ParrS^'. H., General Electric Oo.. Los Angeles. 

FemS^' H.. Stanford University, Stanford 

Folsom^^f^^’SeOhio Bell Tel. Oo., Oolum- 

Port?K'l^26 St. Clair St.. FiMkfOTt, Ky. 

I^Swin, S.. J. E. F^ A 

PriiS^^H., Valparaiso University, Valparaiso. 

Gan^f*E. A. W., 12924 Division St., Blue 

QBn£w, R., General Electric Oo.. Schenec- 

OawSwTfe* Hm GraftonJOhlo ^ ^ ... 

H. 6.. Bdl ’tel. Laboratories. New 

Gds^ W. iR..‘Mbunt Oarwll. lU. 

Gwber. P. I)., B. O. A. Victor Oo.. Inc., Cam- 

GMnux^L‘a, Jr., Westinghonse Elec. A Mfg. 

Goetz. Yi.®\^Wl^Sdn Telephone Oo., m- 

GrayT^T?,* Uncoln Power Oo.. Howe, pkto. * 
Green, I. L., Federal Telegraph Oo., Palo Alto, 
Oalif. /i 
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O. J., tlDlon Electric Lt, Sc Pr. Co., 
St. Louis, Mo. 

Groch, F. R., Pacific Gas Sc Elec. Co., San 
Frandsco, Oalif. 

R. G.. Brown University. Pi'ovidence. 

Gussow, P, M., 914 First Court, Brooklyn, N. Y. 

Gustafson, J. M., Oommonwealtli Edison Oo., 
Chicago, HI. 

Hagn^n, V., General Electric Co., Eric, Pa. 

HamUton, B. W., (Member) Montana Power 
Co., Great Palls, Montana 

Hansford, E. M., General Electric Co., Schenec¬ 
tady, N. Y. 

Hartwell, E. M„ Electric Light Power Sc Rail¬ 
road Co., Paul Smith's, New York 

Hauser, H. T., City of San Prwcisco, Moccasin 

_ Pow r House, Moccaslu, Oalif. 

Henschk , W. O., Westinghouse Elec. Sc Mfg. 

_Co., Springfield, Mass. 

Hill, G. Lm Pacific Gas Sc Electric Co., Emer- 
ville, Oalif. 

HoUis, R. W., Jr.. State of California, San 
Francisco, Oalif. 

Houston. C. £., Texas Technological Collie, 
Lubbock. Tex. 

How. J. H., Stanford University, Stanford 
University, Oalif. 

Hubbard, W. N., The Bristol Co., Waterbuiy, 
Conn. 

Hubbell, M. P.. Emerson Electric Co., St. 
Louis, Mo. 

Hulse, H. A.. Jr., University of Colorado, Boul¬ 
der. Oolo. 

Hutchinson, W. J. B.. Bell Tel. Co. of Canada, 
Montreal, Que., Can. 

Jablonskl, J^ Board of Education, Boys EOgb 
School. Brooklyn, New York 

Jagou, O. C., Westinghouse Electric Inter¬ 
national Co., Mexico, D. F., Mex. 

Jamtt O. A., General Railway Signal Co., 
Rochester, N.Y. 

Jochem, T. B., Marquette School of Engi- 
needng, Milwaukee, Wis. 

Jolumn^.^ A., New York Edison Co., New 

John^n, J. 6 ., *26 Robinson Court, Burlington, 

Johnson, R. L., New York Edison Co., New 
York N. Y. 

Jones. D. R., Philadelphia Electric Co., Phila¬ 
delphia, Pa. 

Karr, J. H., Purdue University. Lafayette, Ind. 

Keeler, O. E.. Yale Graduate S<fiiool, New 
Haven, Conn. 

Kelly, J. J., Fore River Shipbuilding Oorp., 
Quincy, Mass. 

Kelt^ E. L., Wichita Cotton Oil Co., Blcctra 

Kirwen, *M. S., Allied Engineers, Inc., Muske¬ 
gon, Mich. 


( Kober, W..662 Southern Blvd. Jiew York. N. Y. 

Koehler. J. W.. Can. General Electric Oo,, Ltd., 

4 Toronto. Out.. Can. 

iKrasnow^.. Jr., Bureau of Standards. Wasliing- 
ton, D. O. 

Eroitssh, H.. Suburban Gas & Electric Oo.. 
Revere, Mass. 

Kun|jj^^H^M., Goulds Pumps Inc., Seneca 

Lambert,’W. H., Pennsylvania Electric Co., 
Johnstown, Pa. 

LaPlante, R.. Shawinigan Water Sc Power Co., 
Montreal, Quo.. Can. 

Larose, V. A., Roland T. Oakes, Holyoke, Mass. 

Lash. O. 0„ College of the Pacific, SU)ckton, 
Oalif. 

Lazo. N., New York Telephone Co., Now York, 
N.Y. 

Leeds. W. M., Wosti^house Elec. Sc Mfg. Co., 
East Pittsburgh, Pa. 

Leiss. E. A,. Radio Oorp. of America, Harrison, 
N. J. 

Lepone, R. G., R. O. A. Victor Co.. Camden, 
N* J* 

Levine. S. J., General Electric Co., Schenec¬ 
tady, N.J. 

Llngary, ,t. W. (Member) Lynn Gas Sc Elec. Co.. 
Lynn, Mass. 

Little, G. R., University of Southern California, 
Los Angetes, Oalif. 

Locke, W. "Wjj Jr., Worcester Polytechnic 
Institute, Worcester, Mass. 

Malar, P. P., 188 DundafT St., Oarbondale, Pa. 

Mar^w^A., New York Edison Co., New York, 

Marks, L. W., Johns Hopkins University. 
Baltimore, Md. 

MartinolT, V. M., Hydro-Electric Power Comm, 
of Out., Toronto. Out., Can, 

Matheson, D. R., Armour Institute of Tech¬ 
nology. Chicago. Ill, 

Matthew^ G. D.. Peoples Gas Light’ Sc Coke 
Co., Chicago, Ill. 

Mayott,^. B.. Brooklyn Edison Co., Brookl 3 m. 

McBride, A. W., General Development Co., 
Dallas, Tex. 

McCauley, A. D., American Tel. Sc Tel. Co.. 
Denver, Oolo 

McOonagby, L. B„ Ohio Edison Co., Akron, 
Ohio 

McCurdy, J. D., Outlor-Hammer, Inc., MU- 

Tir&iuC00 

McLennan, X. J,, Mass. Institute of Technology, 
Cambridge, Mass. 

Mendez, D. P., General Electric Co., Schenec¬ 
tady, N. Y. 

Merriman, J. H., Northern States Power Co., 
hrlinneapolls. Minn. 

Mesh. T. J.. United Electric Light Co., Spring- 
field, Mass. 


Meyer, J. O^ Allen BradleyiOo., Milwaukee, Wls 
Millw. V. W., Texas Electflc Service Co.. Fort 
Worth, Tex. V 

Molinam, A. D., PhUadeTphia Electric Co., 
Philadelphia. Pa. • 

Moorhaus. A. C., Union Gas Sc ^lec. Co.. 
Cincinnati, Ohio 

Morrison, U. L,, Pamar's Radio Shop, New¬ 
berry, Pa. 

Murtogh, T. P., New York Edison Oo., New 
Yorl^ N. Y. ^ 

Nelson, R. A., John Brown ScHbols, Siloam 
Springs, Ark. 

Nomaiui. A. B., R. P. D. 1 , Whittier, Oalif. 
OberwJse. M. L., Allen-Bradley Co., MUwaukee, 
Wis. 

O'Sullivan. R. G., Brooklyn Edison Oo.. 
Brooklyn. N. Y. 

Park.^C. P., 1114 Ashland Ave., River Forest, 

Patel, R. M.. CorneU University, Ithaca, Nf Y. 
Plomt^, O. G., Rochester Athenaeum Sc 
Mechanics Institute, Rochesteui N, Y. 
Phunb, O. £., General Electric B. A.. Mexico. 

D. P., Mex. • 

Plymire. R. F., Puget Soimd Pr, Sc Lt. Oo.. 

Seattle, Wash. 4 

Potts, J. O., The Electi'ic Storage Batt<^ Co.. 

Washington, D. O. ^ 

Preston. W. W., B. C. Electric RaUway Oo., 
Vancouver, B. O., Can. 

Queen. W. H„ United Air Lines. Chicago. lU. 
Qulstorff. Pnget Sound Pr. Sc Lt. Oo.. 
Seattle, Wash. 

Reed. H. E., Maine Seaboard Paper Oo., 
Bucksport, Me. 

Belch, H. J., university of Illinois, Urbana, 111. 
Rieger, M., Jr.. Western Electric Co., Koamy, 
N. J. 

Roo, J. H„ University of Minnesota. St. Paul, 
Minn. 

Boland. S. W., University of Missouri. Coltun- 
bla. Mo. 

Rosenfeld, M., Union Switch Sc Signal Co., 
dwissv’ftlo P& 

Rowe, H. E.,* General Elechrlc Co.. Schenec¬ 
tady, N. Y. 

Rucker, S. J^ 465 Central Park West, New 
York. N. y. 

Sackman, G. W., Western Electric Co.. Chicago, 

m. 

Seielstod, H. D., CadiUac Motor Car Oo., 
Detroit^Mich. 

Shnaerof, H. L., Tderegister Oorp., New 
York. N. Y. 

Siebenmorgen. R. J., Electro Service Inc., 
Union OIW. N. J. 

SUk. H., 123 water St., Paterson, N. J. 

Sinclair. A., Detroit Edison Co., Detroit, Mich. 
Smith, F. D. Member) United Lt. Sc Pr. Eng. 
Sc Const. Oo., Daveni>ort, la. 
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Order Form for Pamphlet Copies of A.I.E.E. Papers 

Papers presented prior to September 1931 and upon which articles in this issue are based 


□ 30-144 P. B. Terman, D. E. Chambers and E. H, Fisher.. Harmonic Generation by Means of Grid Circuit Distortion 

□ 31-37 O. G. Suits.Studies in Non-Linear Circuits 

Q 31-46 G. Kron.Induction Motor Slot Oombinatlons 

□ 31 -83 S. S. Attwood, W. C. Dow and W. Krausuick. . . .Relgnitlon of MetaUic A-O. Axes in Air 

□ 31 -84 J. Slepian and A. P. Strom.Arcs in Low-Voltage A-O. Networks 

□ 31 -86 H. S. Davis and W. H. Ross.The Philadelphia A-O. Network System 

□ 31-60 Edith Clarke.Simultaneous Faults on Three-Phase Systems 

□ 3i-69 O. F. Estwick.The Three-Circuit Transformer 

Q 31 -71 P. H. Trickey.Cusps In the Speed-Torque Curves of Induction Motors 

□ 31-72 H. B. Dwight.Proximity Effect In Cable Sheaths 

□ 31 -78 B. A. Church.Temperatures in Electric Power Cables Under Variable Loading 

□ 31 -90 T. E. Browne, Jr.Extinction of Short A-O. Arcs 

□ 31-96 L. V, Bewley.Transient Oscillations In Distributed Circuits 

n 31-108 L. A. Kilgore.Calculation of Synchronous Machine Constants 

□ 31-114 S. H. Wright.Determination of Synchronous Machine Constants by Test 

□ 31-118 E. Weber.yield Transients In Magnetic Systems 

^Members, Enrolled Students, and subscribers are 

to one pamphlet copy of any paper in this 'NTA.mA 

Itet if requested within one year firom al^ve date. JName. 

Thereafter a charge of 26 cents per copy will obtain. 

Street Address. 

Address Order Department A.I.£,E. 

S3 West 39th Street, New York, N. Y. City.State 


City.State. 


‘Q Annual Index for ELECTRICAL ENGINEERING V. 50, 1931 
polished separately in pc^pblet form, one copy available upon requ 


will be governed by the n 


imphlet form, one copy available upon request to eatfii member or subscribeir. The editioik oiLthis index 
fiber of requests received prior to January 15,1932; printing and will be deferred until arter that date. 
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Snyder, L., Snyder £ lectric Shop, Olens Falls, 
N.Y. .( 

Spittal, W. R., FerraKM, Inc., New York. N. Y. 
StadtMd, N., Jr., Uoited Elec. Lt. & Pr. Co., 
New York, N.Y. 

Steele, B. S?, Rwal, Iowa 
SteJnbrenner. G., 1311 Pierce Ave., Niagara 
Falls. N. Y. 

Stevens, ^ Laddonla. Mo. tt i 

Stewart, w. B., Nebraska Wesleyan University, 
lincobi, Nebr* 

Stoddard. Hj«R., Simplex Wive & Cable Co., 
Oambrid^, Mass. ^ ^ ^ ^ 

Stortz, F. A.7Jr., General Electric Co., Schenec¬ 
tady, N. Y. 

Strawn, T. F., The Home Insurance Co.. 
Quakertown, Pa. 

Strommer, E, N., University of Fittsbiirgb, 
Pittsburgh, Pa. 

» Stropp. P. J.. R. B. 2. Hartford. Wis. 
aiih., j 'w., Unlyerslty of Minnesota, Minue- 
aTOlis, Minn. 

Sylvester, R. A., 417 Sduth Center St., Potts- 

^TemJleS'H^^,, Wagner Quarries Co., San- 

Thumf*^5;’.^W?, Engineering School of Mil- 
<«waukee. Milwaukee. Wis. 

Titter. <1^. K., Brooklyn Edison Co., Inc., 
Brooklyn.N.Y. . ^ , 

Troja^'J^B., General Electric Co., Schenectady, 

Umlauf. A.. General Electric Co., Schenectady. 

N. V. 

Vance, P. E., U. S. Engineer Office, Memphis, 
Tenn. 

White, T. F. (Member) Texas Construction 
Oo., Dallas, Tex. 

Whitney, F. J., Jr., Lehigh University, Bethle¬ 
hem, Pa. 

Wilder, A. F., 36 Joy St.. Boston. Moss. 

Witt, F. L., Brooklyn Edison Co.. Brookljm. 
tl.Y. 

Wyman, K. S., U. S. Patent Office, WuslUngton, 
D. C. 

Youm;, F. E., Jr., Westli^house Elec. & Mfk. 

Co., East Pittsburgh, Pa. 

Younts, G. L.. General Electric Co., Schenec- 
^aqy N.Y. 

Zilm, W.!B.,*Drexel Institute, Philadelphia, Pa. 
Zoercher, J. M., Indianapolis Pr. & Lt. Co.. 

Indianapolis. Ind. 

188 Domestic 


Foreign 

Chen. Y. O., Eastern Sales & Engineering Co., 
Tientsin, Ohiim 

Eouyoumdjian, T., Lynch St., Bagdad, Irak 
Mitchell. J. W. B., Public WorksDept., Shan¬ 
non. N« Z. 

NagaRajan, T. V., The Andrha Valley Power 
Supply Oo., Ltd., Bhivpuri, Bombay 
Prt^dency, India _ 

Tandon^, L., Gantt. Board, Ambala, Punjab, 

TniWn. 

Wadhera, O. L., c/o Lloyds Bank Ltd., New 
Delhi, India 
8 Foreign • 


AJIJ 


^W^anleJ 


A list of members whoso mail has been 
returned by the postal authorities is given 
below, with the address as It now appears on 
Ihe Institute records. Any member knowing 
of corrections to these addresses will kindly 
commiinicate them at once to the office of 
the secretary at 33 West 39th St., New York, 
N. Y. 


Balaguer. Manuel M.. c/o International Tel. 
^&Tel. Oo., 67 Broad St., New York, N. Y. 
Byms, William J„ 60 Olive Walk, Breezy Pt.. 

Rockaway Point, N. Y. ^ 

Oater, C.. l^dal. Church Road, Pinner, Eng. 
Ohflofsky, Joseph, 968 N. 7th St., Philadel^da, 

Oordier, N. A., 126 Ohatterton Pkwy., White 
Plains. N. y. 

Fa^of, Charles G. T., 1318 Laketon Road, 
Wilkinsburg, Pa. 

Ginidson, F. G.. Intomat'l Tol. & Tel. Oorp., 
Buenos Ahres. Arg.. So. Amor. 

B. Hm 1814 Virginia Rood, Los 
Angedes, Calif. 

Gtoldsman, Jacob L., 64 Priory Rd., Hamp- 
N. Lamar St.. DaUas, 


Texas. ^ 

*McOiiUochi G. bX MeVie Oaterers, 
Sy^y, N.^S. W., Australia 


Ltd., 


Melson, ^dney W., Yeatton Woolrich Road, 
Abbey wood, London. S. E. 2, England. 
Mountain, C. E., Burma Elec. Supply Oo., 
Mandalay. Burma, India, 

Parr, J. O., 245-7l8t Street, Brooklyn, 
Y. 

Pernlck, A. S., Westlnghouse High Voltage 
Lab.. Tratford. Pa. 

PicraoQ, Walter D., 4710 Locust St., PhflOp 
dclphia. Pa. 


\ Pistonus, L. H., 193 Jeplle St., Johannesburg, 

\ South Africa. , ^ 

{ Schrock, John B., 3720 Main St., Lawrence 

♦ Park, Erie, Pa. ^ ^ 

• Stempfle, Froderick, 8126 E. Vemor Highway, 

Detroit, Mich. ^ 

Tate, William, Apartado No. 41, Publa, Mexico. 
Thakkur, K. B., Box 654, Whiting, im, 
Voronovsky. T. G.. 1162 Waverly Place, 
Schenectady, N. Y. 
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Lit 


New Books 

In the Societies Library 


^^MONG the aeir books received at 
the Engineering Societies Library, New 
York, during October are the following 
which have been selected because of 
thdr possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 
the following outlines, information for 
which is taken from the preface or text 
of the book in question. 


ALTBBNATlN<a-OUBRBNT CIRCUITS. 
By J. M. Bryant and J. A. Oorrdl. 2nd ed. 
N. Y., McGraw-Hill Book Oo., 1931. 492 pp., 

dhtgrs., charts, tables, 9x6 in., cloth, $4.60.- 

An introductory course in the study of a-c. 
circuits and transmission lines, based upon that 
^ven at the University of Texas. The theory 
of alternating currents first is discussed, and th 
©Quatlons that apply to the various types of 
cficuits dev^oped from the fundamental 
physical and mathematical principles. In th 
mtter part of the book these principles are 
applied to polyphase circuits and transmission 
lines. This edition has been revised, and a new 
chapter on the consideration of unbalanced 
polyphase circuits by moans of symmetrical 
phase components has been added. 

ELECTROCHEMISTRY. By O. J. Brock¬ 
man. N. Y., D. Van Nostrand Oo., 1931. 
348 pp., illuB., dSagrs., charts, tables, 9x6 in., 

doth, $4.00.-^Tms book aims to point out 

the more important applications of the dectri- 
cal current In chemical manufactures, in a 
manner that will interest chemists, manufac¬ 
turers. and plsmt managers. The general 
prindples are followed by descriptions of tiu> 
dectrometaUnrgy of the Industrie metals, th 
production of gases and of electrothermal 
processes. References to sources are niuneroua. 


WHO*S WHO IN ENGINEERING. Edited 
by W. S. Downs and M. M. Lewis. 8rd ed.. 
1931. N. Y., Lewis Historical Pubi. Co. 1536 
pp., 10 X 6 in., doth, $10.00.-Tho third edi¬ 

tion of this useful work of reference is restricted, 
in ac<X)rdance with the recommendations of the 
advisory con^ttee appointed by the American 
Engineering Council, to iivlx^ American engi¬ 
neers who have been practising or teaching 
eugineering for at least ten years. About ten 
thousand names mre induded, with authentic 
brief information regarding professional experi¬ 
ence. publications, education, addresses, etc. 
A geographic index is given. 


GEOLOGIC INDEX OF THE PUBUOA- 
TIONS OF THE UNITED STATES GEO¬ 
LOGICAL SURVEY. By G. H. Albertson. 
Denver, Ool., Geological Puhl. Oo., 1981. 420 

pp., 10 X 7 in., leather, $10.00.-(jleologlsts 

and engineers who have occasion to consult the 
publications of the United States <3l6dogical 
Survey owe a debt of gratitude to the compiler 
of this index. It covers all the publications of 
the Survey and is dassifled by the latitude and 
longitude of each locality, we unit being a 
thirty-minute quadrangle. Key maps make It 
easy to locate the desfied entry, where all the 
references to the locality will be found. 


STARS IN THEIR COURSES. By J. Jeans. 
N. Y., Macmillan Oo.; Cambridge, England, 
University Press, 1931. 173 pp., Ulus., diasm., 

charts, tables, 8x6 in., do^ $2.60.-^This 

work, based upon a series of radio talks, is a 
delightful introduction to modem astronomy 
written in an informal oonvorsatlond stylo by a 
great astronomer. Starting with a general 
account of the heavens, the sun's family, the 
stars, the milky way and the universe as a whole 
are discussed. Two star maps and a description 
make possible the identifleauon of the constella¬ 
tions. The book is ideal for the general reader. 


1931 SUPPLEMENT TO BOOK OF 
A.S.T.M. STANDARDS. Phlladdphla. Ameri¬ 
can Sodely for Testing Materials, 1981. 144 

g p., 0 X 6 in., paper, $1.^.-This supplement 

rings up to date the 1930 Book of Standards 
pubushed by the Association. It contains 
thi^-two standards, seventeen of which are 
new and fifteen replacements of former ones. 
Among them are qiecificatlons for alloy-steel, 
bolting material for high-temperature service; 
welded wrought-iron pipe; high-tost gray-iron 
castings: aLuminum-aUoy sheets and castings; 
hydrated lime; siaructural day tile; white and 
red lead; and bronze powders. Methods are 
given for testing concrote. brick, pigments, 
slate, ous. and other materials. 


PRAOTIONALHORSE POWBRMOTOB3. 
By A. H. Avery. Lend. & N. Y., Isaac Pitman 
A Sons. 1931. 162 pp., Ulus., dlagrs., charts, 

tables. 8x5 in., clo^ 7s 6d: $2.25.-^The 

essential features of motors with power outputs 
of less than hp. are presented oondsdy. 
Design, constructional features, commutaton 
and insulation are discussed. Testing and 
repairing are considered also. 


ELECTROCHEMISTRY. 
N. y., McGraw-Hill Book 


INDUSTRIAL 

By O. L. Mantell. _ _ _ __ 

Oo.. 1931. 628 pp., iUns., dlagrs., charts, 

tables, 9 X 6 in., doth, $6.00.-^Intended both 

as a textbook in chemical engineering courses 
and as a work of reference, this book is written 
ftom the en^eeiing point of view and stresses 
the practidiJ aspects of electrochemical pro¬ 
cesses. Introductory sections on theoretical 
and technical electrochemistry are followed by 
sections on dectrolytics, electrothermlcs, and 
the electrochemistry of gases, in which the 
industrial uses for winning, plating, refining and 
mdting metals, for manufactnrmg gases and 
chemkids. etc., are described. A final section, 
en^eering, discusses materials and power 
generation. 

MBSSENTLADUNGSSTREOKBN (lonen- 
strecken). By S. Franck. Berlin, J. Springer, 
1931. 192 pp., lUus., dJagrs., charts, tables, 
0x6 in., cloth, 18.W RM. unbound; 19.50 
BM. bound.*—^This monograph aims^ to de¬ 
scribe tho uses of sdf-mmntaining electrical 
discharges through gases for purposes of mea> 
surement and to give exact particulaEs of the 
various methods. The widely scattered litera¬ 
ture is reviewed quite thoroughly, and full 
references are given to the original papers. 
The theory of disdharges through gases is 
presented very briefly, as an introduction to 
^6 methods of measurement. 

MONOGRAPHS ON PHYSIOMi SU^ 
JBOTS. N. Y.. E. P. Dutton 3c Oo., 193f. 
Dlagrs., charts, tables, 7x4 in., dote, $1.19 

each.-(1) Commutator Motor. By F. J^. 

go. 80 p. (2) Photochemistry. By D. W. 
style. 96 p. (3) Thermodyannues. By 
vr. Porter. 96 p. These concise little 
volumes by men actively engaged in research 
work on tee subjects about wMdi they write, 
are intwded to supply readers of average 
scientific attainments with compact ^stateiuentB 
of the modern position in each subject. They > 
are admirably adapted to tee needs of those 
not in contact with active sdentlflc work or 
engaged on w#rk in related sdences who ^t^sh 
tob^me quickly conversant ^fith the acceptedr 
prindplesJn ^hriousf ' 
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Selected Items Fr'in 

Enaineering Index Service 


S. LECTED references to current 
eleotrical engmeerini: articles from 
Engineering Index Service’s review 
of some 2,000 technioal periodicals are 
given in the following ooliimns. 

AH articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 


Armatures 

MEASUREMENTS. An Electrical Method 
for Determlniiig the Moment of Inertia of a 
Direct-Ourrent Armature, J, O, Prescott. 
Jnsfii. Elec, Engrs. — JL^ vol. 69, no. 417. 
^t. 1981, pp. 1179-1183, 8 tigs. Method of 
determination described requires for its appli¬ 
cation d-o. quantity meter in addition to 
voltmeter and ammeter used In method de¬ 
scribed by O. Kapp; theory and application of 
this **quauti^ meter** method are investigated 
and experimental results are dted to show 
degree of accuracy that can be obtained. 

Cables 

LEAD SHEATHING. Lead Oovered Gable. 
Wire, vol, 6, no. 10, Oct. 1931, pp. 402-404, 5 
flgs. IVpes and uses of lead cable as compiled 
by Lead Assn.; cable udng lead covering; cable 
sheath metal; telephone cables: power cable; 
voltages. 

SUBMARINE—PROTECTION. Pro¬ 

tective Gable Anchoring. Elec. Reo., vol. 109. 
no. 2802, Aug. 7. 1931, pp. 209-210, 6 figs. 
Instance of stmmarine power cables withstand¬ 
ing diip's dragg^ anchor. 

TELEPHONE. British Columbia 1931 
Telephone Gable, M. O. Timms. Teltphonu* 
vol. 101. no. 13. ^pt. 26. 1931, pp. 30 and 32, 
4 figs. Gutta-percha inauIatM submarine 
tdepnone cable laid hy British Columbia 
Telephone Co., between Mainland and Van¬ 
couver Island, Gao.: construction identical to 
that of ocean cables; manufacturing methods. 

Condensers 

MEASUREMENT. Measurement of Small 
Capacities, V. V. Sathe and T. S. Rangachari. 
Wireless Sngr., vol, 8, no. 97, Oct. 1931. pp. 
543-647, 7 figs. Oompaot and self-contained 
d-c. tubes operated arrangement workiDg on 

S idple of substitution is described for mcasur- 
cap^tles from .002 microfarad down to 
ute capacities such as Inter-electrode capaci¬ 
ties of tub^. 

CondnetiTity 

On the Resistance of Lead to B^-Prequency 
Omrents at Superconducting Temp^tures, 
J. O. McLennan, A. O. Burton. A.1^, and 
J. O. WiUielm. Land., Edinburgh and Dublin 
Philosophical Mag. and JL Science, vol. 12. 
no. 78. Sept. 1931, pp. 707-719.5 figs. Attempts 
to Una changes in tdiavior of lead parallelmg 
that of superconductivity for very hidi 
gnendes oilii^t waves; in designing exponent 
highest firequen<w amenable to accurate mea¬ 
surements. 1 . e., 10,000 kc. per sec. was chosen; 
with currents of this frequency phenomenon of 
superconductivity mi^t -occur at lower tem¬ 
perature than 7.2 deg. might be only partial, 
might not appear at all. 

Conduits 

CONSTBVCTION. Oonduit wd Manlkole 
Oonstruction. Elec, News, vol, 40. no. 18, 
S^pt. 16, 1931, pp. 41-44. 6 figs. Bw forms of 
conduit simplify duct-mouth construction; 
transit-mized concrete for congested areas; 
separate trunk line transmission ctmdnit 
systems where feasible; driven seitvloe pipes for 
customer connections; manholes should not be 
less than 6 ft. in height; stre^ loading and 
roof strength precautions; shapedto conform to 
requirements: precast service .boxes; trans¬ 
former vaults under sidewalk; roof construction; 
covers and castings; yentiUtion. 


Converters 

FREDUENCY. Frequency Ohai^ers Also 
Have Stability Limits, T. G. LeOlair and 
A. jr. B^py. Elec, World, vol. 98, no. 13, 
Sept. 28. 1931. pp. 658-661, 6 il^. Operating 
conditions indicated that synchronous tie 
between 25- and 60-cycle systems of Oommon- 
we^th Edison Go. might not remain stable 
under certain disturbance: tie consists only of 
two 40.000-kw. synchronous frequency changers; 
tests demonstrate that with both machines 
under full load loss of one under fault would 
cau^ loss of synchronism between systems, 
although sudden removal of one machine with¬ 
out fault did not. 


Corrosion 

imoBBOKOUND STEEL. Tha Bleetrolytlc 
Oorroslon of Underground Metallio Structures 
by Stray Ourrents, O. M. Longfleld. Insin. 
Engrs. Australia-~-JL, vol. 3, no. 8, Aug. 1981, 
pp. 283-285. Discussion of paper previously 
indexed from issue of May 1031. 


Currents 

ALTERNATING—TEXTBOOK. Altemat- 
Ing Currents. O. S. Magnusson. 4tii edit., 
N, Y., MoGraw-HlU Book Go.. 1031. 686 pp.. 
Ulus., diagrs., charts, tables. $5.00. Textbook 
for undergraduate students which discusses 
fundament principles of subject and shows 
their application to Industrial problems: changes 
in edition include rewriting and extension of 
chapter on instruments, new chapters on 
sjrstems of units and symbols, on mercury-arc 
rectifiers and on hot-catnode rectifiers and oscil¬ 
lators. as well as mai^ new diagrams and 
illustrations. Eng. 8oc. Lib., N. Y. 


Education 

Study of Technical Institutes. JL Eng. 
Education — Supp., voL 22, no. 1, Sopt. 1081, 
30 pp., 7 figs. Summary report intended to 
Dresent in small compass prindpal findings, 
conclusions and data of study for wide distri¬ 
bution; contents of bulletin divided into two 
parts: principal findings and conclusions, and 
summary of data. 

UNITED STATES. Engineering Educational 
Standards, L. W. Wallace. Agric. Eng., vol. 
12. no. 9, S^t. 1931, pp. 343-345, 1 fig. Gom- 
ments on Dr. W. E. Wickenden's rei^rt to 
Society for Promotiou of Engineering Educa¬ 
tion: each institution should make thorough 
study of territory it serves and should major 
on problems peculiar to its area: need for 
grea^ standardisation of research programs: 
eni^eering teachers should be systematically 
taught how to teach: engineering profession 
foundation needs to be broadened in direction 
of social and cultural graces. Before Am. Soc. 
Agric. Engrs. 


Electric Drive 

' AUTOMOBILE PLANTS. Ford SubsHtatw 
A-O. Motors tor 27,000 D-O. Units. Elec. 
World, vol. 98, no. 11, Sept. 12. 1931, pp. 452- 
455. 8 figs. Methods of changing 85,000 hp. 
in River Rouge plant to alternating from d-c. 
drives; benefits include conspicuous reduc¬ 
tion to maintenance costs and large decrease of 
energy lost hi plant distribution; studies of 
drive duties reveid opportunities for scaling 
down motor sizes. 

cement kilns. Methods of Foolproof 
Control In Cement Works, S. Hqpferwieser. 
Brown Booeri Reo., vol. 18, no. 9. Sept. 1931, 
pp. 279-287, 18 figs. Complete dia^am of 
connections for electric operation or rotary 
irfiT> plant: diagram of electrio interlocking 
connections between drive of rotary kiln and 
corresponding cooling drum; diagram of con¬ 
nections for • remote controUea three-phase 
double commutator motor of 180 kw.: 1,000-500 
r.pjQi. driving roteuw tdln fan; ^ectncal opera¬ 
tion of Lepol rotary kiln plant. 

grinding MACHINES. Motorization of 
Modern .Grinders, J. W. Harper. Iron Age, 
vol. 128. no. 16. Oct. 15. 1981, pp. 988-991 ana 
1020-1021. 6 fl^. Mewods or mounting elec¬ 
tric motors on different types of grinding 
machines; bench and floor-type machines: time 
rathigs of grhider motors; cba^ idiowing relation 
of wheel speed to peripheral speed for grinding 
wheels of various sizes; high frequencies for 
high speeds. 


Electric Power 

ICE PLANTS. UnltHj>ata on DistUlod- 
Water Ice Plant. R. H. Parrish. Elec. World, 
vol. 98, no. 11. Sept. 12, 1931. p. 431. Twelve 
months* obseiwed data on tons ffoutput and 
kilowatt-hour input on typical South Texas 
distilled water ice plant ^th capacity of 90 
tons per ^ hr., using can system, may be of 
value to other similar sized plants as means of 
oompaiison. 

INDUSTRIAL PLANTS. Industrial Elec- 
trificatfon—^in, B. H. Silmot. Elecn., vol. 107, 
no. 2779, Sept. 4, 1931, pp. 304-306, 3 figs. 
Group drive versus individual drive; types and 
selection of motets; motor driven. 

Load Control in Industrial Plants, R. 
Buggies. Footer Plant Erw., vol. 36, no. 18, 
Sept. 15, 1931, pp. 935-937. 4 figs. Advanta¬ 
geous application of 1(^ regulation illustrated 
by hypothetical case of inaustriai plant with 
fluctuating load which purchaser power from 
large central station but also equfpped to 
generate certain portion of its total load require¬ 
ments: typic^ wiring dh^am of automatic load 
regulator working on prime mover. 

Electric Equipment 

EXHIBITIONS. Electrical Machinery and 
Instrument De^gn in the Nineteenth Gentnry. 
World Power, vol. 16. no. 93. Sept. 1931, pp. 
177-194,10 fl^. Ohronoloidi^ order of exhibits 
organized by British Electrical & Allied Manu¬ 
facturers* Assn.: article divided into three 
parts; Part I dealing with history of dovolop- 
ment of electricity generator firom Pixifs 
machine in 1831 up to d-c. machines constructed 
by Orompton. Brush, and* between 1880 and 
1890 and Ferranti alternator of 1882: Part 11 
describes Instrument Section, and Part III 
gives brief desodptlon of power station model. 

OPERATION. Practises That Improve the 
Operation of Electrical Equipment. Power, 
vol. 74, no. 8, Aug. 25. 1931, pp. 282-284, 4 fl^. 
Modem operating practises that have been 
adopted to meet requirements for higher degree 
of reliability and demands for more exact 
knowledge of equipment performance. 


Electrolytes 

PUMPS. A Glrculating Pump for Liquids, 
D. R. Barber. Jl. Set Instruments, vol. 8, 
no. 6, June 1981, pp. 188-188, 3 figs. Descrip¬ 
tion of non-metal pump designed primarily for 
circulation of electrolytes; performance of 
apparatus is discussed from theoretical stand- 
p<^t, and tsrpical calibration curves obtained 
with experimental pump are given. 


Elevators 

ELECTRIC—signal SYSTEMS. Pre- 
Register Signal System Stops Elevators 
Automatically. Power, vol. 74, no. 11, Sept. 
15. 1931, pp. 391-393, 5 figs. System in which 
signals to stop are registered in advance by 
buttons in oar and from landings; at proper 
point in car*8 travel operator notmra by slcmal 
to center car switch so that car will stop auto¬ 
matically at landing for which signal was given; 
equipment design and operation. 

OFFICE BUILDINGS. Planning Elevators 
for Special Service, O. F. Scott. Eng. News-^ 
Rec., vol. 107, no. 15, Oct. 8, 193L pp. 569-671. 
6 figs. Description of vertical transportotloir 
system of new McGraw-HUl building in New 
York; nine passenger cars are all 3,500 lb. 
capacity, In size 7 ft. 4 in. by 0 ft. 4 In., with* 
openinra 3 ft. 8 in. wide; high rise cavs, running 
at 800 ft. per min., are equipped with automatlo 
control; low-riso passenger cars, running at 
600 ft. per min., are equipped for manual 
operation, with automatic leveling; smooth 
operation is obtained through perfected control 
and extra heavy guide rails; details of pllotrou 
floor leveling mechanism. 


Engineering Writing 

Technical Writing. T. A. Rickard. 3rd 
edit.. N. Y., John '^ey dc Sons, 1931, 337 pp., 
$2.00. Interest in correct speech has become 
much more wide-niread since autbor*8 book 
first appeal in 1910, and many textbooks 
have appeared since that date; ms work still 
remains, however, one of most readable and 
best guides to engineer who wishes to improve 
his power of expression: new edition, pvspared 
for American Institute of Mining ana Metal- 
lurgicid Engineers, differs from second edition 
only In sundry small corrections. Eng. Soc. 

i3B.,n.y. 


Engineers 

UNITED STATES. Wm iniiBngl.* 

neerlng, edited ^y W. 8. Dowi» and^. M. 
Lewis. 3rd edit.ri931. N. Y., Historical 
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Publ. Oo.. 1536 pp.. SlOlOO. Edition is restricted, 
in accordance witn recornmendations of advisory 
committM appobitedJl>y American Engineering 
Oonndl, to iTving Ajnerican engineers vrho have 
been practisi^ or teaching engineering for at 
least 10 yeaua; about 10,000 nam^ are included, 
with auth^tic brief information regarding 
I^fessioual experience, publications; education, 
addresses, etc.; geographic index is given. 
Bng.8oc.Lib.,N.Y, 


Furnaces 


24 
each; 


ANNEALING. Annealing and Gleaning 
Strip Sted for Oold-RoUln«. Iron vol. 128, 
no. 16, Oct. 15, 1031, pp. 1000-1003. 4 figs. 
Layout and operation of electric furnaces at 
' toga worus of American Steel So Wire Go.; 
' ^’ype fiirnaces of 00- to 100-kw. capacity 

__ .perated on three-phase, 220-volt, 60- 

oyde current; artificial atmosphere; continuous 
cleaner with Wlous new features in connection 
with ^k^p fraipe. 

FOUNDRY. eBlectric Furnace Develop¬ 
ments in Foundries, A. E. Greene. West 
Macny. ^orld. vol. 22, no. 0. Sept. 1031. pp. 
424-427.^ figs. Ghange from crucible melting 
furnace^ to electric furnace; typical furnace 
installations for economical production of steel 
and cast iron. 


GASES. Principles and Some Practical 
Applications of Electric Furnaces with Atmos¬ 
pheric Gontrol, A. N. Otis. Iron and Steel 
Engr„ vol. 8, no. 8. Atm. 1031, pp. 352-350 and 
(discussion) 350, 14 figs. Apparatus for re¬ 
forming hydrocarbon gases, such as butane, 
illumiaatixig gas or natural gas into gas con¬ 
sisting largely of free hydrogen, for dissociating 
ammonia into hydrogen and nitrogen; cost ot 
gases by various methods of procurement; 
dissociation pressure in atmospheres for iron 
oxide; hood furnaces for bright-annealing; 
elevator tirpe furnaces; tunnel type counterflow 
furnace for heating and cooling In atmosphere 
ofii electroleno. Before Am. Iron and Steel 
Elec. Bngrs. 


Fas^ 


The Pressures Produced on Blowing Electric 
Fuse Links: Th Effect of the Surrounding 
Atmosphere, G. AUsop and P. B. Smith. 
Safety in Mines Research Board—Papery no. 
67, 1931, 19 pp., 1 fig. Fuse links of tinned 
copper wir nave been blown by currents 
ranging from minimum fusing current to 
medium overload current at 200 volts d-c. in 
closed rectangular vessel of 64.0 cu. In. capacity; 
vessel was thermally and electrically insulated 
evacuated and filled with gas at known pressure; 
gases used were: air, oxygen, nitrogen, hydro¬ 
gen, chlqgme, carbon dioride and argon under 
atmospheric and other pressures; osdllogranis 
and pressure records were taken during each 
experiment.^ 

Generators 

ALTERNATING CURRENT. Armature 
Reaction in Salient-Pole Alternators, W. H. 
Ingaam. Land,, Edinburgh and Dublin Phifo^ 
sophical Mag, and JL Science, vol. 12, no. 78, 
Sept. 1931, pp. 690-707, 11 figs. Theory of 
alternator as self-modulating dynamical system 
is outlined; fundamental in ft is a family of field 
magndtomotive and electromotive force charac¬ 
teristics. of which rotor position coordinate is 
igMuameter. ^ 

"^ Va^ERWHEEL. Umbrella-Type Genera- 
tmns Reduce Hydro Plant Gosts, H. fi. Grandall. 
Power, vol. 74. no. 10, Sept. 8, 1931, pp. 368- 
359.4 figs. Oonstruction of nmbrella-type slow- 
' Speed vertibal-shaft waterwheel generator and 
space requirements: comparison with machines 
of usual design; advantages and disadvantages 
of various designs of waterwheel generators. 


Heating 


EUILDINOS. The Electrical Heating of 
Buildings. R. Grierson. Insin, Elec, Engrs ,— 
JL, vol. 69, no. 417, Sept. 1931, pp. 1046-1090 
.and (discussion) 1001-1116, 21 figs. T^es of 
electric warming equipment; general details and 
consideratioiis. i. e,, measurement of comfort, 
physiological, hygienic, architectural and decora¬ 
tive asp^: ventilation; hlgh-temperature vs, 
low-temperature radiating surfaces; continuous 
vs, intermittent heating, etc.; information as 
actoal installations, etc., and bibliography given 
in 11 appendixes. 

RA1i!rOAD buildings* Reading In- 

PP. 

289-240, 2 figs. Unique heating plant used In 
power ^Us^tcher's building on electrified 
territory atHJ^jladelphia. 


Hydrj^el^tric « 

PUMPED STORAGE. Wa^tal Pomped- 
Stora^^e |lydro^lecttic Scheme. Engineering, 


vol. 132. no. 3425, Sept. 4, 1931. pp. 292-294, 
4 figs. Power scheme near Zurich has annual 
output of 110,000 kw-hr. generated in two sta^ 
tions mainly during winter months; dam closing 
gorge is of solid gravity type, 363 ft. high by 
515 ft. long: pressure tunnel of dreular cross- 
section and l^ft. internal diam. is cambl of 
carrying 1,160 cu. ft. of water per 8ec.:Rompen 
power station has four vertical-shaft Francis¬ 
co spiral turbines, each with output of 22,500 
hp. at speed of 5(X) r.p.m.; Siebnen station 
contains four turbines of same type with outputs 
of 14,750 to 17,500 hp. at 500 r,p.m. 


Insulation 


BUILDINGS- Control of Heat, Light and 
Sound in Modem Buildings, E. G. Rack. Heat,, 
Piping and Air Conditioning, vol. 8, no. 9, 
Sept. 1931, pp. 734-740, 6 figs. Use of insula¬ 
tion for controlling heat, light and soxmd In 
modem plants and buildings has developed 
rapidly within past few years; practical ois- 
cussion of utilization of insulation of modem 
bnlldln^; economical thickness of Insulation; 
research and materials for future. 


Insalating Matorials 

STRENGTH* System Insulation Strengths, 
S. A. Stigant. Elec, Rev,, vol. 109, no. 2808, 
Sept. 18,1931, pp. 425-426,5 fl^. Introduction 
to study of coordination of insulation strengths 
of electrical transmission systems. 


ILond Speakers 

DESIGN. Dynamic Loudspeaker Desigti— 
II, J. S. Goeth. Electronics, vol. 3, no. 8. 
Sept. 1981, pp. 112-113 and 130, 3 flra. Actual 
computation for typical case is ^ven; data 
calculated are compiled in table form. ^ 

Magnetism 

Influence of Hvdrostatic Pressure on the 
Griti<^ Temperature of Magnetization for Iron 
and Other Materials, L. H. Adams and J. W. 
Green. Terrestrial Magnetism and Atmospheiie 
Bleclricity, vol. 36, no. 3. Sept. 1931, pp. 161- 
169,5 figs. Tests in order to determine whether 
or not temperature at which iron and other 
feirromagnetic substances pass from magnetic 
to non-magnetic state is affected by increase of 
pressure; specimens of materials investigated 
were made up as core of miniature transformer or 
induction-imit, and placed in electrically heated 
pressure-bomb; six-volt alternating-current was 
supplied. 

Manometers 

IONIZATION. ANewDosignotanlonlza^ 
tion Manometer, E. K. Jaycox and H. W. 
Wdnhai't. Rev, Sci. Inslrumenls, vol. 2, no. 7, 
July 1931, pp. 401-411, 11 figs. Vacuum gage 
described has been developed for measuring 
pressure of residual gas in highly exhausted 
experimental tubes used in study of thermionic 
and photoelectric phenomena at pressures of 
order of 0.00000001 mm. mercury or lower. 


Insulators 

SUPPORTS* Simpler Supports for Pin 
Type Insulators. Elec, Times, vol. 80, no. 
2082, Sept. 17. 1931, p. 431,2 figs. Eradication 
of inherent disabilities of existing forms of pole 
top equipment is aimed at in new tubular sirstem 
described below. 

Lamps 

GLOW—VOLTAGE. Nov Low Voltage for 
Tube Lifting, S. Olute. Am, Arch,, vol. 140, 
no. 2600, Oct. 1031. pp. 42, 64 and 66. 6 figs. 
Revolutionary improvements In production of 
light by glass tubes filled with rare gases have 
made it adaptable to architect’s requirements as 
never before; most important of all is recent 
practical development of low volti^ tubes; 
some of applications and possibilities ilmsbrated. 

INCANDESCENT—BURN-OUTS. Calcu¬ 
lating Lamp Bum-Out, H. H. Webb. Elec, 
World, vol. 98, no. 12, Sept. 10. 1931, p. 605, 
1 fig. Simple formula for calculathig normAl 
rate of bum-ont of lamps. 

ULTRA-VIOLET. The Problem of the 
Definition and Measurement of the Useful 
Radiation of Ultra-violet Lamps, O. H. Sharp 
and W. F. Little. Ilium. Eng. Soc, — Trans., 
vol. 26, no. 7, Sept. 1931. pp. 727-787 and 
(discussion) 737-743, 2 figs. Most of methods 
for measuring on basts of er]rthemal effect are 
approximate in character and in generality of 
cases do not give sufficiently comparable results; 
need for coordination In this Arid of measure¬ 
ment is pointed out and for establishment of 
standards both in form of standard methods 
and physical standards of erythemal radiation; 
second part reviews most commonly employed 
physical methods of measurement. 

Light and Lighting 

Visual Efficiency in Quiet and Noisy Work¬ 
places. M. Luddesh. Elec, World, vol. 98, no. 
11, Sept. 12, 1031, pp. 472-473. Results of 
experiment in which rato of performing exacting 
visual work was measured in quiet room and in 
room in which several 10-kw. motor-generator 
sets were operated. 

ULTRA-VIOLET. Indnstrial Uses of Ultra¬ 
violet, B. B. Free and O. G. Olark. Ilium. 
Eng, Soc. — Trans., vol, 26, no. 7, Sept. 1931, 

S p. 744-755. Summary or industrial appUca- 
ions of ultra-violet under five main headings, 
each of which is discussed in detail with respect 
to previous accomplishments and probable 
future use; need of some simple, reliable means 
of measuring idtra-violet is stressed and plea 
made for sources of ultra-violet radiation more 
intense and more nearly monochromatic than 
those now available. 


_ __ __ Require 

ments of Different Types of Street, J. F. 
Oolquhoun and W. S. Stiles. Surveyor, vol. 80, 
no. 2068, Sept. 11, 1931, pp. 2^256. Re¬ 
quirements Which must be considered in lighting 
different tsrpes of streets: revealing power, 
attractiveness by night, attzactiveness by day: 
dependence of these requirements on bri^tness 
level, diversity characteristics of source, etc.; 
disability and discomfort ^re; spectacular 
Ul^ting. Before Int, Blum. Congress. 


Measnrements 

A Resistor for the Measurement of Large 
Direct Currents, E. H. Rayner. Instn. Elec, 
Engrs. — JL, vol. 60, no. 417, Sept. 1931, pp. 
1155-1159, 2 figs. Serious imcertainties m 
effective value of low resistances for measure¬ 
ment of large currents may be caused by varia¬ 
tions of current distribution at their terminals: 
temperature-rise Is also important cause of 
variation: application of prindples for reduction 
of these errors has been basis of design of resistor 
of 20 microhms, which has been found satis¬ 
factory as reference standard for measurement 
of currents up to 25,000 amperes. 

Metering 

REMOTE. Remote Metering System Cali¬ 
brated Quickly. U. Davis. Elec. World, vol. 
98, no. 11, Sept. 12,1931, p. 458.1 fig. Impulse 
remote metering system instruments can be 
checked from load dispatcher’s office of Com¬ 
monwealth Edison Go.: diagram showing 25- 
cycle part of system. 

Micrephones 

CAUERATION. Ths Oalibiatloii of 
Microphones, H. F. Olson and 8. Goldman. 
Electronics, vol. 3. no. 3. Sept. 1931, pp. 106- 
108 and 130, 8 fl^. Methods for caUbrathig 
various types of microphones including Ray¬ 
leigh ditic. actuator method and thermophone 
method; comparative curves are given for 
different microphones. 

Motors 

BRAKING. Dynamic Braking versus 
Plugging as a Means of Accurate St . 

P. MeShane. Elec, JL, vol. 2^ no. 9, _ 

1931, pp. 616-617, 4 figs. When accurate 
stopping is essential function of motor apHca- 
tion, shunt-wound motor, because of its charac¬ 
teristics, is generally used; two methods are 
Tised to bihig motor to stop, dynamic braking 
andplugghig;8impledi8cus8lonorboth methods, 
their applications and advantages. 

INDUCTION—CIRCLE DIAGRAM. The 
Circle Diagram of the Polyphase Induction 
Motor, G. O. Hawkins. Instn. Elee. Engrs .— 
JL, vol. 69. no. 417, Sept. 1931, pp. 1149-1154, 
3 figs. Values of ramus and coordinates of 
center of cirde diagram of polsrhase induction 
motor ore deternuned algebraically in form 
covering not only ordinarily accepted equivalent 
network, but also more accurate equivalent, 
network in which iron losses for stator and rotor 
are represented separately. 

STARTING. A Oombined Motor Starting 
and Power Factor Oorr^ting Panel. Eiwineer, 
vol. 152. no. 3948, Sept. 11, 1931, pp. 2^277, 
1 fig. Electrical Construction Co. has intro¬ 
duced motor-starting panel, in which all neces¬ 
sary gear for starting, protecting and improving 
power factor of squhrol-cage machine 
contained, n 

SYNCHRONOUS. Bmergeni^ FuU^olt- 
age Starting Synchronous Motors, 0. G* 
Ifelson. Pow^, vol 24, no. 11, Sept. 15, 19M, 
p. 399. Automatic emergency fuU-voltage 
starting accoMplished by balanced-frequency 
relay; practicrTolseussion of operating features* 
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Totally IndoseQ Syndironous / 
2rtSr* ^*^'*^^* Pomr» vol. 74, no. 11, ; 
^Pt. 15. 1931. pp. 396-397. 4 figs. Synchro -1 
of 250-hp. rating have been bnllt 
that are totally Inclosed and cooled by external 
5?^ internal fans for use In severe atmospheric 
^nmtious and to operate at 5.000-ft. altitude: 
motor design and construction. 

SYNCHRONOUS—BRAKING. Sjmehro- 
nous Motors Stopped In Three Revolutions. 
”S“ ?• ?tifsvold. JElec, World, vol, 98, no. 13, 
Sept. 20. 1931. pp. 666-6S7, 2 figs. 400 hp. 
motor stopi>od from 460 r.p.m. to rest in 1.& 
«3C. by aUo%sring armature emt'ent only half 
inrush value at starting; this meets emergency 
stop concUtlons, eliminates coasting time of 
h^vy emiipmont and is applicable to bandsaws, 
rolls and intermittent operations. 


Networks 

INTERCONNECTED. Tho Economic 
Value of Major System Interconnections. N. E. 
Funk. Jl, Franklin TnsL, vol. 212, no. 2, Aug. 
1031, pp. 171-208, 24 figs. Table of power 
input, loss and delivery of 20 sections, 1.000-mile 
tmnsiuission line; why interconnections be- 
power systems are desirable; details of 
^20-kv. interconnection of Pennsylvania Power 
4c Light Oq., ^blic Service Electric Gas Oo.. 
and Philadelphia Electric Oo.; details are given. 

PROTECTION. Protecting A Medium- 
Voltage Network, J. S. Parsons. Elec. JL, 
vol. 28, no. 9, Sopt. 1931. pp. 520-626, 6 figs. 
Proper operation of primary a-c. network 
depends upon satisfactory protective system; 
plan outlined makes possible adequate relaying, 
using only well-known and dependable equip¬ 
ment. 


Oscillographs 

CATHODE.RAY. A Method of Obtaining 
a Linear Time Axis for a Cathode Ray Oscillo¬ 
graph. A. L. Samuel. Feo. ScL Instruments, 
vol. 2, no. 9. Sept. 1931, pp. 632-540, 5 figs. 
Usefulness of cathode-ray oecUlograph tube of 
typ of Western Electric no. 224-B is enhanced 
by any circuit that will provide linear time axis: 
one method used In Bell Telephone Laboratories 
employs hot-cathode three-element gas-filled 
tub In usual **8weep** drenit: tills method 
possesses advantages in reproducibility, ease of 
control and synchronization; brief description of 
tube is given together vrlth simple analysis of 
behavior of dreuit. Bibliography. 

Photoelectric 

CALCVIiATINO MACHINES. A Photo, 
electric Intograph, T. S. Gray. JL Franklin 
InsL, vol. 212. no. l, July 1931, pp. 77-102, 12 
figs. Machine for purpose of fadlitatiog 
mathematical solution of problems requiring 
evaluation of integral in which integrand in¬ 
volves variable parameter Is describe In this 
article; it involves use of optical system in which 
transmission of light is limited in definite 
manner by apertures having shape of area under 
curves representing matl^matical functions; 
accuracy of machine itself is from 2 to 6 per cent. 


Photo lectric Cells 

Photocell Theory and Practise. V. K. Zwory¬ 
kin. JL Franklin Inst., vol. 212. no. 1. July 
1931, pp. 1-42, 33 figs. Methods of preparation 
of oeli: application tn motion pictures tde- 
vision. SunpUcity Extends Light-Control Possi- 
bilides. Fadio Eng., vol. 11, no. 9, Sopt. 1031, 
pp. 21-22. 3 figs.: see also Radio Industries, 
V 1. 6, no. 6. Sept. 1931, pp. 166-107. 3 figs. 
Burgess Radiovisor Bridge new light sonsitivo 
cell and simplified associated apparatus, intro¬ 
duced to engineers and experimenters. 

COLORIMETRY. The AppUcabiUty of 
Pbotoeloctric Cells to Oolorimeti^. H. E. Ives 
and B. F. Kinrabury. Optical Soc. Am. — JL, 
vol. 21, no. 9. Sept. 1031, pp. 541-603, 18 figs. 
Critical consideration of requirements for pre- 
ddon physical colorimeter, and estimation in- 
lU^t of eigierlmental data on new types of 
photoelectric cells, as to what degree require¬ 
ments for physical colorimetry may be met at 
present tinaie: paper is very specially limited to 
problems of precision color measurement. 


Photometers 


DAYLIGHT. A Delight Factor Integrator, 
H. Townend. Jl. ScL Instruments, vol. 

8, no.^ June 1031, pp. 177-183; A figs. Instru¬ 
ment determines mechanically illiunination at 
point on horizontid surface dud to direct light 
mm sky visible t that point; instrument is set 
^up at Mint, and tdescope incorporated in it 
is miMle to traverse boundary vbf visible sky: 
daylight factor is read oil from bx^I lnt^n?atmg 
wheel. v' 


Photometry 

A Method of MeasuriDg the Integrated Light 
• from Short Flashes of High Intensity, L. R. 
Koller. Fen. Sci. Instruments, vol. 2, no. 9, 
Sept. 1931. pp. 661-663,1 fig. In course of some 
tests of flashing beacons for aii;ports it was 
necessary to measure intogratea light from 
flashes of high intensity but of very short dura¬ 
tion: for this purpose circuit using photoelectric 
tube and tliyratron was developed by means of 
which measurements could be made with great 
ease to within accuracy of about 10 per cent. 


Power Industry . 

GOVERNMENT CONTROL. * Ctovernor 
Takes Firm Stand Against Government 
Ownership. A. O. Ritchie. JElec. World, vol. 08. 
no. 13. Sopt. 26, 1931, pp. 640-642. Govom- 
mont ownership of power Industry would make 
us political slaves of federal government; state 
regulation suitably strengthened where It is 
lacking will solve all problems better than any 
form of state OMmershlp. Before Am. Bar Assn. 

Power Plants 

ELECTRIC DRIVE. Largo and Small 
Motors in the Modern Industrie Steam Power 
Plant. E. A. Murray, Eng. and Finance, vol. 
25, nos. 2 and 3, Aug. 1931, pp. 29-30 and 38. 
and Sept., pp. 48 and 67. Specific applications 
boiler feed pump; chnnilatlng pumps: hot-well 
pumps; forced and induced draft fans; stokeis; 
pulvoiized cool feeders; pulvorizor mills: 
clinker grinders. 

NATURAL GAS. Tho World’s Largest In¬ 
dustrial Oonsiuner. R. M. Bauer. West. Gas, 
vol. 7, no. .‘5, May 1931, pp. 42-44 and 100, 6 
to. Oescri^ion of Southern OaUfomla Edison 
Oo.’s Long Beach steam plant which biurns 
natural gas In huge quantities to supply light 
and power needs of Soutliem Oalifomia; article 
is non-technical in treatment, laying particular 
stress upon burner design and gas usage. 


Radio 


AIRPLANES. BadJo on Dutch Air Linos 
Insures Safety, L. Bruchiss. Radio Industries, 
vol. 6, no. 5. Sept. 1931, pp. 168-160. 4 figs. 
As example of foreign radio in aircraft, air 
routes of K. L. M.. Royal Dutch Air Lines are 
taken; began operations in 1920. and may bo 
considered as hub of continental air trafDc; since 
establishment of 10,000 xnL HoUand-Dutch Bast 
India line, longest mail and passenger route in 
oxistonco at pi'esent, K. L. M. radio equipped 
airplanes touch three continents; equipment is 
illustrated and described. 

• AMPLIFIERS. Tube Amplifier Equivalent 
Parallel Olrcuit, G. D. Robinson. Electronics, 
vol. 3, no. 3, Sopt. 1031. p. 106, 1 fig. It Is 
shown that parallel substitution for simple 
series circuit Is merely simplification of general 
parallel equivalent circuit, in which internal 
plate resistance, load, and grid-to-platc reac¬ 
tance are all treated as being in parallel. 


CONTROLS. An Analysts of the Series 
Type Mixing Oontrol, L. B. HalUman, Jr. 
Radio Eng., vol. 11, no. 9, Sopt. 1931, pp. 17-18. 
and 36. 8 figs. Discussion of various control 
systems and faders for use in radio broadcasting, 
talking motion picture and phonograph record¬ 
ing work, when using more than one microphone 
to obtain more natural and higher .quality of 
reproduction or to have level from each micro¬ 
phone under absolute control and to have each 
control independent of other. 


OSCILLATORS. Quartz Oscillator Wave 
Oonstants, E. G. Watts. Radio Eng., vol. 11, 
no. 9. Sept. 1931, pp. 23-26. 2 figs. Attempt to 
coordinate results of prominont investigators in 
fitid, presenting in summarized form data on 
constants of lon^tudioally and transversely 
vibrating modes, In so far as It is accurately 
known. 


RECEIVING APPARATUS^AUTOM ATIC 
CONTROL. Use of Vacuum Tube Operated 
Relay to Oontrol Blasting in Radio Receivers, 
B. EphrMm. Radio Eng., vol. 11, no. 9, Sept. 
1931. p. 27. 2 figs. DlaE^ram and analysis of 
simple relay control system in audio circuit. 


RECTIFIERS. Tho Design of Power Recti-' 
filer Oircults, M. McDonald. Wireless Engr., 
vol. 8, no. 97, Oct. 1931, pp. 522-531, 8 figs. 
Methods of calculating effect of resistance in 
circuit and also effect of variation in size of 
tank condenser: practical examples are given. 


WAVES. The Expanding Short-Wave 
Spectinim. Electronics, vol. 3, no. 8, Sept. 
1931, p. 01. Oompllalion of known data on 
present and' future radio channels on waves 
from 30,000 to 7 ^ cm. Is given on chart. 


Railroads 

ELECTRIFICATION. Ra11vt.]r ElectrU- 
cation—^An Alternative Proposal. Ry. Gas,, 


vol. 65. no. 10. Sept. 4, 1931. p. 298. Finance 
of main-line electrification: economical alterna¬ 
tive; scope for reduced rgtes; advantages of 
oU-clectrfc traction. ^ 

SIGNALS—INTERLOCKING.«Eloctrlc In¬ 
terlocking Installed in Birmingham; Ala.. L. R. 
Stahl. Ry. Signaling, vol. 24, no. 9, .Sept, 1931. 
pp. 309-311. 7 figs. Design, construcuou. and 
operating details of 47-l6V6r plant at crossing of 
three roads; simplified track aniLsignal plan of 
Bumingham plant. ^ 

SUBSTATIONS. Mobile RaUway Sub¬ 
stations. Elec. Rod., vol. 100, no. 2808, Sept. 
18, 1931, p. 427. 3 figs. Truck-mounM 

morcury-vapor rectifying outfits for Italian state 
ri^ways for three-phase 162/8-cycle system 
direct current at 3,000-v. tontact-wire pre88ur% 
for Benevento-Fogfi^ and other lines. 

TRAIN CONTROL. AUTOMATIC. * Auto¬ 
matic Train Oontrol on the Soiithem Railway. 
Engineer, vol. 162. no. 3060, Sept.d^5, 1931. PIL 
332-333, 8 figs. In Strowgqr*‘Hudck ^stom 
permanent magnets and olecta'omagnets are 
used to operate receivers corriea by locomotive, 
which cause whistle to bo blown and contiiAious 
brake to be applied as required: recepers are 
actuated by inductors, of which mere are 
usually tlUToe. * 


Railrond Crossings 

^'SIGNALS AND SIGNALING. Oromiag 
Protection Signals on the Milwaukee Road. 
Ry, Signaling, vol. 24, no. 0, Sept. 1031, pp. 
316-318, 9 flm. Older type of protection re¬ 
placed by flashing-light type with rotating 
stop disk; operating conditions; plan showing 
location of signals in Oconomowoc; control of 
signals. 

Rectifiers 

D-O. Oonversion Equipment, A. M. Garrett. 
Nat. Elec. Ligid Assn. — BuL, vol. 18, no. 9, 
Sept. 1031, pp. 506-508, 41103. Report of elec¬ 
tric machinery subcommittee of Electrical 
Apparatus Oommlttee; enclosed converters; 
method of determining adequacy of soldered 
joints; new developments in oonversion equip¬ 
ment: total number and capacity of rectifier 
sets installed in United States and Canada; 
telephone Interference; highspeed switching for 
rectifier. 


Relays 

Electrical versus Mechanical Devices Used 
in Oontrol and Regulation Bnglneer^g, J. F. 
Shadgon. Iron ana Steel Engr., vol.^. no. 9. 
Sept. 1931, pp. 378-382, 12 figs. Oorrectlve 
devices used m art of regulation; regulating 
valves; regulating dampers; rheogtats; sole¬ 
noids; bn^^ and clutches; characteristics 
of fluid amplifying devices: characteristics of 
electric amplify]^ devices. Before Am. Iron 
and Steel Elec. Engrs. 


Rolling Mifis 


ELECTRIC EQUIPMENT. Electric 
Eqidpment of the Slabbing and Hot Strip Mills 
at the Wheeling Steel Oorporation’s Stmibon- 
ville Plant, J. Farrington and H. A. Wlnne: 
Iron ,and Steel Engrs., vol. 8, no. 7, July 1931, 
pp. 324-336, 16 figs. OutstaniU^g mill insl^-* 
lations of recent years are 45 m. re'l^rsmg 
Universal slabbing mill and continiious hot 
strip mill at Steubenville, Ohio, plant of 
Wheeling Steel Oorp.; complete electrical instaU 
lation, starting with hicommg 66,000«voLt power 
lines, carrying through Ohio Power Oo.’s Fort 
Steuben substation. Wheeling' Steel Oorp., 
outdoor substation on to 60 in. mill motor room 
and main auxiliary drives. 


ELECTRIC DRIVE. Electric Powei* is 
Regenerated by New Roll Train Drag, A. J, 
Whitcomb. Steel, vol. 89. no. 16, Oct. 12. 
1931, pp. 31-33, 5 figs. Installation combining 
successful regeneramon of electric power with 
production of dragging torque which prevents 
back lash in sheet mill in Detroit districts; 
power regenerated is 640,000 kw-hr. and repre¬ 
sents saving of 65,400 per year. 


Substations 

AUTOMATIC. Elaelxici^ In Limestone 
Mining, F. P. Brightman. Eng. and Min. JL, 
voiri32, no. 5, Sept. 14, 1931, i>p. 206-206, 4 
figs. Details of equipment ana operation at 
double-unit, completely automatic subHatlfin 
installed at Pittsburgh Limestone Oo.’s Buffalo 
Greek mine, near Wortbington, Fa., to supply 
direct current to mine haulage svjst^, and for 
general use in mining spesauonsr synchronous 
motor-generator sets were selected on aocoimt 
of greater flexibility in cAntrol of ^-c. 
ana independence of fluctuations of d-o. system 
voltag affect d-c; voltage viBen converters 

are used. « « - 
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DESIGN. What a WolUBiiilt SubstaMou 
May Be. EUc. VV^off/, vol. «8. iio. 14. Oci.. 3. 
IdSl.p. 612. Zau^ville (Ohli>) substation of 
. Ohio I^wer Co., siil^diary of Amerjcii.n Gas & 
£lect>i*ic Co. is repr^'nlati\ro of best, and must 
recent of today's eloctricn.1 onginuoring pniclisos. 
and include in its design not only features of 
economy, r^iabllity. safety and ease of o])ei'ation 
but also attractive appearance. 


Switchbo]||rds 


Features of Modern Switchboat*ds, E. G. 
Bern. Pou*er Plant Enff., vol. 35, no. 17, 
Sept. 1, 1931, pp. 897-890, 4 Am. Evolution 
hM almost extinguisUed resemblance between 
earliest and latest switchboards; unit principle 
^f design. 


S'witdies 


. EUmlnatiSb of the Oisconnectiag Switch 
Hazard,^. Auchincloss. Pouter Plant Eng,, vol. 
35, no. 18, Sept *15.1031, p. 938,2 figs. Methods 
illustrating impossibility of opening disconnect¬ 
ing IWiteh until oil circuit breaker has first been 
opened\i>rot.ectio]i alfordod by maguetic lock 
on meclmnJsni of discoiuiecting switch which is 
controTled by auxiliary switch ou mcclianism of 
ckcuit breaker. 


The Mlnatro—A Now Idea in Control Switch 
Design, A. J. A. Peterson. Elec. Jl.^ vol. 28, 
no. 9, Sept. 1031, pp. 508-510, 6 figs. Control 
switcii requiring ouly 5 sq. in. of switchboard 
panel space, using toggle switches for quick 
make and break contacts, handling 125 volts 
directly and that can be mounted or dismounted 
as umt: neat appearance; it is result of doliberate 
attempt t.o design switch for specific purpose 
without regard for precedent or convention. 


Telephone 

CIRCUITS. Four-Wire Telephone Circuits, 
G. O. Orawfoi*d. Bell Laboratories Rec., vol. 
10, no. 1. Sept. 1931, pp. 0-12, 8 fim. Advan¬ 
tages and characteristics of foiu^wire circuits; 
details of 44 A-1 repeaters for use in 4-wire 
circuits; wiring diagram of repeater. 


Television 

APPAEATUS—OPERATION. The Pracbi- 
cal Operation of a Oomploto Television System. 
A. B. DuMont. Radio Eng., vol. 11, no. 7, 
Jiily 1931, pp. 38-30. 8 figs. Technical descrip¬ 
tion of Jenkins system of television now in 
operation. 


Tranfil^mers 


rOUR-WlNDING. Four-Winding Trans¬ 
formers. Engineer, vol. 152, no. 3948, Sept. 
11, 1931, 304-305, 4 figs. Three-phase, 60- 

cycle transformers with four windings built by 
Oorlikon Oo, for Ryburg-Schwoerstadt Power 
Supply Co.. Rhelnfslden, Switzerland; capacity 
of each of windings is 32..500 kva. while con¬ 
tinuous overload capacity Is 35,000 kva. 


INSTRUMENT. A Through Type Oun^ent 
Transformer and Amplifier for Measuring 
TAltemating Currents of a Fow MUliamperes, 
W. B, Kouwenhoven. Reo. Set. Inslrumenis, 
vol. no. 9, Sept. 1931, pp. 541-548, 2 figs. 
Transformers and vacuum-tube amplifiers oon- 
.staructed for experimental study of effects of 
elgctBl|c shock for measurement of current 
MtuiUly passing through vital organs; wiring 
diagram and characteristics of instrument. 


, PARALLEL OPERATION. Balance CoU 
or Reactoc for Paralleling Transformers. £. C. 
Wentz. Elec. JL, vol. 28. no. 9, Sept. 1931, 
pp. 520-529, 8 figs. If transformers to bo 
paralleled are different in turns ratio, balance 
coil Is indispensable; balance coil must also be 
used when secondaries of two trunsformeis are 
to be paralleled, and primaries are supplied from 
different sources: reactors, though more limited 
in application, are more easily instoUod and 
have advantage of simplicity. 


SPARE WINDING. Grounding Transfor¬ 
mer Bank Suppllt^ Station Energy. Elec. 
World, vol. 98, no. 14, Oct. 3, 1931, pp. 012- 
613, 2 figs. To serve as sparo source of energy 
for station service equipment, 2,000-kva.. 
33,000/13.200/2,300-volt groimding transformer 
bank has been provided with third winding for 
full-capacity output of 2,300 volts at Gilbert 
station of Associated Gas & Electric System at 
Holland, N. J.; wiring diagrams are given. 


would rovoal general laws governing recent 
dc«ign practise: analysis is based on table on 
** Engineer lug Details of Transmission Lines in 
Uniled States" pnbli.shc>il by Hlextrical World in 
1929, giving onglneeriog details of 877 blgh- 
voltage tnuismisslon Ihies, 

HIGH TENSION—INSPECTION. Methods 
and Prociidures for Inspection of Materials 
Used ou Overhead Lines. Nul. Elec. Light 
Assn. — Pub., no. 150, Aug. 1931, 38 pp., 1 fig. 
Procedures which If followed in inspecting con¬ 
ductors, poles, insulators and hardware, should 
result in obtaining satisfactory uiaterlal; 
methods arc intoudod to covor more important 
requirements iu mosli practical way and to 
indicate common-sense interpretations of vari¬ 
ous specification requirements. 

HIGH TENSION—RELAYS. Theory and 
Application of Relay Systems, P. H. Robinson 
and 1. T. Monseth. Elec. JL, vol. 28, no. 9, 
Sept. 1931. pp. 536-538, 11 figs. Relay scheme 
for parallel lino protection Is outlined; various 
diag^ms of connection are given. 


Vacunm Tubes 


Patents Relating to Electronic Devices In 
Industry. Electronics, vol. 3, no. 3, Sept. 1931, 
pp. 92-93, 5 figs. Three patents granted by 
United States Patent Office are described: 
Langmuir patent for connecting liglit-sensitive 
cell and vacuum tube: Logan method of using 
Uglit-sensitive cell for regulating flow of gas 
in sulphuric add manufacture; Logan patent 
by which light-sensitive cell is oontroUlng shaft 
revolutions: Nakken patent for combinaraon of 
Ughlrsensitive surface and triode. 


ELECTROCHEMISTRY. The Electron 
Goes to Work in Industry, J. A. Lee. Electro-^ 
ehem. Sac. — Tran.^., vol. 69, 1031, pp. 229-236, 
1 fig. In electrochemical industries vacuum 
tube has already been adapted for several 
purposes and it lias been suggested for many 
others where increased accuracy of measure¬ 
ments and production efficiency are important: 
outline of various uses for tubes and photo¬ 
electric cells. 


LABORATORY USES. Electronic Tubes 
in. the Laboratory. Electronics, vol. 3. no. 3, 
Sept. 1031. pp. 114-115, 4 figs. Synmoslum 
consisting of four short articles; Life Test for 
Condensers, H. W. Houck; Circuits for Light 
Sensitive Cdls; Piezoelectric Measuring Devices, 
J. Lluge, H. B. Linckh, R. A. Webster, S. L. 
Brown and S. Harris; Vacuum Tube Control for 
Electric Balances, F. S. Eastman. 

MEASUREMENTS. A New ' Method of 
Measuring Vacuum Tube Characteristics. J. R. 
Bamliart. Radio Eng., vol. 11, no. 7, July 
1081, pp. 30-31, 4 fi^. Method of determining 
dynamic mutual conductance, amplification 
factor and plate resistance was evolved matho- 
matlcally from consideration of properties, of 
self-biasod tube; equipment used consists of 
source of filament current, source of plate 
current, galvanometer and siutablo resistances. 


Cylinder 
Elec. JL, 
19. 2 figs. Newly 


PRESSURE INDICATORS. 

Pressiu’o Indicator, L. R. Quarl 

vol. 28, no. 9, Sept. 1931, p. 619, L _ 

developed grid-glow tube device for testing 
intemal-combusuon engines makes possible 
continuous and visible indication of pressures 
in cylinders. 


TELEVISION. A New Modulation Tube 
for Television, H. P. Dalpayrat. Radio Eng., 
vol. 11, no. 7, July 1931, p. 37, i fig. New 
mercury vapor arc tube describod has very 
largo output of modulated light and shows great 
possibilities. 


TESTING. Vacuum Tube Life Tests, J. N. 
Fuller and P. W. Ohartou. Radio Eng., vol. 
11. no. 7, July 1031, pp. 21-23, 2 figs. Test 
conducted to determine life span of product in 
question, consisting in subjecting ft to con¬ 
tinuous operation simulating actual usage 
conditions until It wears off and becomes 
unsatisfactory: for vacuum tube this means 
until one or more of its characteristics varies 
beyond specified limits. 

VOLTMETERS. Vacuum Tube Voltmeter 
of High Sensitivity, H. J. Reich, G. S. Mar^n 
and K. A. Stoll. Electronics, vol. 8. no. 3, 
Sept. 1981, pp. 109-111, 0 figs. For large;: a-c. 
voltages or for d-c. voltages peak of 

vacuum tube voltmeter can be used, but as 
ordinarily constructed,, using three-element 
tube, sensitivity is rather poor; in order to find 
more suitable tube, survey was made of more 
recent types of tubes; results of this work have 
made possible development of sensitive portable 
instrument described. 


Watthovr Meters * 


TESTING. Manual Switching Eliminated 
in Rotating Standard Testing. Elec, World, 
vol. 98. no. 13, Sept. 16, 1931. p. 542. 1 fig... 
Great sensitivity, combined with stable opera-^ 
tion, is claimed for vacuum tube and smtcli 
device for timing rotating standards, Tleveloped 
in meter department of Puget Sound Power & 


Light Oo., according to recent report of N.B.L. A. 
meter committee; nervous .and muscular co¬ 
ordination of tester do not affect test when this 
equipment is used. 


Weldii^ 


ARC—ATOMIC HYDKOOBN. Hydro- 
gen Welding Now Automatically Oontrollable, 
S. Martin. Jr. Elec. World, vol. 98. no. 13, 
Sept. 20, 1931, p, 561, 1 fig. Welding auto¬ 
matically with atomic hydrogen flame presents 
problem of maintaining deflnlto size of flame in 
fixed plane between two slowly consuming 
tungsten electrodes; relation of mnge of flame 
and work is fixed mechanically: push-button 
oontral scheme for automatic byd^en welding, 
is given. 


ARC—ELECTRODES. Future Develop¬ 
ment of Electrodes, T. E. Jerabek. Welding, 
vol. 2. no. 9, Sept. 1931. pp. 623-625. 3 figs. 
Development of thicker coatings: automatic 
electrodes; physical composition of electrode; 
possibilities of electrodes K in. in diam. operat¬ 
ing at 1,000 amp. 


GHROMIUM.NIGKEL STEEL. How to 
Weld the Ohroraium-Nickel Steels. S. O. 
Alexander. Welding, vol. 2, no. 8. Aug. 1931, 
pp. 514-517, 7 figs. Practical applications 
Ulustrate welding technique; effect of tempera¬ 
ture on physical properties of Nlrosta KA2 or 
"18 and 8^* chromium-nickel steel based on 
short time test. 


HOUSES. STEEL FRAME. Arc Welded 
Steel Residences. Constructor, vol. 13, no. 9, 
Sept. 1931, pp. 26-27, 5 figs. Features of arc 
wmded steel frame residences in Mamaroneck, 
N. Y., and at Shaker Heists, Cleveland, Ohio; 
method of uslim "Battledock" steel flooring in 
connection with welded steel frame residence 
construction: method of fastening wood tieeper 
to battledock floor construction. 


NICKEL. British Practise In the Welding 
of Monel Metal and Pure Malleable Nickel, 
N. O. Morples. Am. Welding Soe. — JL, vol, 
10, no. 3, Mar. 1931, pp. 14-17, 6 figs. Applica¬ 
bility of welding methods for mond metal and 
pure nickel sheet, with reference to thickness; 
oxygen control, fluxes, use of filter rod. automatic 
electric seam welding. 

STEEL. Analysis of Steel for Welding, 
W. E. Stine. Metal Progress, vol, 20, no. 2, 
Atig. 1931, pp. 91-9^ 5 figs. Investigations at 
Lincoln Res^rcb Laboratory to determine 
welding characteristics for metallic arc welding 
with bare or washed electrodes; metallic arc 
welding with spedal doctrodes; carbon arc 
welding with completely shielded arc; Linooln- 
Stine equilibrium curve showing rdation be¬ 
tween aluminum, silicon, and manganese in 
carbon steels to produce best welding character¬ 
istics. * 


STEEL STRUCTURES. Arc Wtiding Joints 
in Steel Structures, R. W. YanEirk. West. 
Machu. World, vol. 22. no. 9, l^pt, 1^1, pp. 
405-406, 2 fin. Development of arc welded 
structiim joints; permissible imit stresses; 
■ advantages of electric welding; inspection. 


Welders 


TRAININO. Troialng Welders for Indus- 
trial Work, O. D. Moore. Welding Engr., 
vol. 16. no. 7, July 1931, pp. 37-38, 4 figs. 
Need of practical experience of welders in 
addition to school traufing; illustrations show 
various conditions under which welder is 
required to work. 


Welds 

ST RESSES. Stress Relieving Welded Joints, 
R. £. Kinkead. Welding Engr., vol. 16. no. 
7, July 1931. pp. 25-28, 14 Nature of 

residual strains in steel due to temperatU]^ 
change; series of tests of residual stresses in 
welds and methods of removal. 


Wheatstone Bridges 


Xransmission Lines 

HIGHTENSION^-ANALYSIS. Transmls- 
sioh Line Analysis Indicates Ruling Tendencies, 
£. B. Kintz^And J. A. Douglas. Elec. World, 
vol. 98, no. 13, SejSt.-86, 1981, pp. 663-666, 10 
Graphical d(^«rouuation of relations 
Detween n»jor deSfm values of present-day 
electric ^wertransitussion Une&was undertaken 
in belief thaf^,9tufiy of large^iunber of lines 


Voltage Regulators 

A Non-Oontact Voltage Regulator Elec. 
Rev., vol. 109, no. 2802, Aug. 7, 1931. .p. 211, 
4 figs. "No oontatet" equipment ixisembles 
hydraulic regulator used for water turbines: 
apparatus acts Instantaneously and produces 
very high operating torque. 


ELECTROLYTES. A Bridge for the 
Measurement of the Oonductanoe '^f. ]|Iectrb- 
lytes, P. H. D^e. Rev, Sci. Instruments, voL 2. 
no. 7, July 1^1, pp. 379-395, 4 figs. Bridge 
which has beeAdesi^ed to give higher degree of 
accuracy than!has previously been attainable 
in measurements of this type, and with greater 
convenience qp; manipulation and of interpreta¬ 
tion of results- 
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Unemployment Relief Plan of I-T-E 
Circuit Breaker Company,—It is an¬ 
nounced that two per cent of the gross 
sales of the I-T-E Circuit Breaker 
Company, Philadelphia, for the next five 
months will be donated to the rehef 
organizations of the communities in 
which those sales originate. A special 
fiind of $25,000 has been deposited with 
the Philadelphia Trust Company from 
which, within ten days after receipt of 
each order, a check will be drawn for the 
relief work. No order for less than fifty 
doUars will be included in this relief plan. 
These voluntary donations all over the 
country will be in addition to the Com¬ 
pany’s donations for local relief. It is 
the hope of the I-T-E Circuit Breaker 
Company that other members of the 
electrical industry as well as of other 
industries, may be led to adopt this plan 
or a modification of it for supplying the 
money needed to ameliorate the condition 
of the nation’s unemployed. 


Controller & Manufacturing Company, 
of Cleveland, Ohio, announces the “No. 1 
Type ZEO Across-the-line Explosion- 
proof Starter,” which has been officially 
approved by the Underwriters for Class 1, 
Group D hazardous locations. The 
enclosing case is strong and tight enough 
to prevent the transmission of any fame 
that may occur within the ease to 
surrounding atmosphere, and the fianged 
joint between the upper and lower parts 
of the case is of sufficient length to cool 
any gases formed within before they can 
come in contact with the surrounding 
atmosphere. The contactor mechanism 
and overload relays are mounted on a 
slate base which is removable from the 
case. The main contacts and overload 
relay contacts are oil immersed and all 
working parts are kept well lubricated 
and protected from corrosion by capillary 
attraction of the oil. The maximum 
ratings of this starter are 5 hp., 110 volts, 
and 10 hp., 220, 440 and 550 volts. 


New Frequency Monitor for Broad¬ 
casting Stations.—Announcement has 
been made that the General Radio 
Company, Cambridge, Mass., has just 
completed development of a new fre¬ 
quency monitoring equipment, which 
win enable broadcasting stations to 
cheek their frequencies to within d= 50 
cycles per second of the assigned value in 
accordance with the requirements of 
General Order No. 116 of the Federal 
Radio Commission. A preliminary de¬ 
scriptive bulletin of this equipment is 
available. 

A New Transmission Drive.*-“The 
American Engineering Company, Phila¬ 
delphia, has developed a flexible electro- 
hydraulic transmission, delivering any 
speed from zero to the maximum of the 
unit. One end of the transmission is 
connected to an electiic motor or prime 
mover rotating at a constant speed. 
From the other end intermediate, smooth 
speeds can be obtained from-maximum to 
stop. Among the other advantages 
claimed for the new development are 
that the direction of rotation can be 
changed from one dheetion to the oppo¬ 
site direction almost instantly. Controls 
are available to make the transmission 
perform a series of operations automati¬ 
cally. The unit is extremely compact 
and no gears, pulleys, chains or belts are 
used in construction. It is shock-proof 
and self-lubricating; an across-the-line 
stater is all that is aaeeded for control; 
has, a* high starting torquqj and it is 
impossible to overload the device. At 
the; present time 6 to 15 h|). units are 
being manufactured. 

^ 'New Starter.—TBI b Electric 
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Agency Appointments of Meter Devices 
Company.—J. G. Corrin, 140 North 
Sycamore Aveniie, Los Angeles, has been 
appointed sales representative in Cali¬ 
fornia for the Meter Devices Company, 
Canton, Ohio. The Wagner Peterson 
Corporation, 535 Clifton Street, Portland, 
was recently appointed to represent the 
Meter Devices Company in the states of 
Oregon and Washington, 

Kearney Corporation and Chance Com¬ 
pany Merge.—It is announced that 
James R. Kearney Corporation, St. 
Louis, has combined with the Chance 
Company, Centralia, Mo., manufacturers 
of pole anchors. The combination makes 
it possible to supply every type of anchor 
for construction requirements from a 
single and centrally located manufacturer. 
The Kearney anchors include the 4-in-l 
expansion anchor, steel rod screw, anchor, 
pipe rod screw anchor and “No-Rench” 
screw anchor; the Chance anchors include 
the 2 and 4 way expansion anchor, 
pyramid “cone” anchor, never-ereep 
plate anchor and steel screw anchor. 


T«Je L[iter£fe.fiire 


Distribution Connectors.—^Bulletin 38- 
T. Describes distribution connectors for 
copper and aluminum conductors, hot 
Hne clamps and insulated sticks. Delta- 
Star Electric Company, 2400 Block, 
Fulton Street, Chicago. 


Portable Instruments.—Bulletin 160, 
12 pp. Describes Roher-Smith portable 
instruments—ammeters, voltmeters, volt- 
ammeters, single and polyph^,se watt¬ 
meters, frequency meters, power factor 
meters, transformers and multipliers. 
Roller-Smith Company, 12 Park Place, 
New York. 

Motors.—Bulletin 210, 4 pp. De¬ 
scribes type “T” two-pole Reliance d-e. 
motors; semi-enclosed and fully-enclosed 
construction; pulley or sleeve bearings;^ 
in sizes up to 3 horsepower., 1,750 f.p.m. 
Reliance Electric &, EngineeringrPompany, 
Ivanhoe Road, Cleveland. - * • 

High Tension Fuses.—Bulletin 31^ S 
pp. Describes Pacific Electric distribu¬ 
tion fuse cutouts, type EM fuse supports 
and type EM-1 fuse switches with type 
EX fuse holders. Pacific Electric Alanu- 
facturing Corporation, 5815 Third Street, 
San Francisco, Cal. 

Circuit Breakers.—Bulletin GEA- 
959C, 12 pp. Describes General Electric 
type FKR-155 gil circuit breakers, 7,500 
and 15,000 volts—400 to 3,000 amperes, 
triple pole—single throw. This typo 
constitutes a complete line of indoor 
breakers for moderate and heavy duty 
service. General Electric Company, 
Schenectady, N. Y. 

Motors.—BuUetin 20516, 2 pp. De¬ 
scribes new, single-phase Westinghouso 
motors, 2 to 7 horsepower. Because of 
their excellent torque characteristics these 
motors have extensive applications on 
pumps, compressors, ventilating fans, 
blowers, farm machinery, and ‘v^erevor 
high starting and high acc^S’ating 
torques are necessary. Westinghouso 
Electric & Mfg. Compan;f, East 
Pittsburgh. 

Asbestos Insulated Wires and Cables. 

—^Bulletin 10-A, 30 pp. Describes Rock- 
bestos insulated wires and cables, 
designed and built to withstand extremely 
high temperatures, oils and greases,,the 
majority of acid fumes and vapors, etc. 
Specifications and descriptions are 
for solid, coarse and flexible stranded 
cable with Rockbestos insulation from 
600 to 7,500 volts; also switchboard wire, 
multi-conductor control cable, lead sheath 
control cable, locomotive cab cord, etc. 
Rockbestos Products Corporation, New 
Haven, Conn, 

Circuit Testers.—Supplement, 2 pp. 
Describes Roller-Smith circuit testers. 
This low priced instrument can be used 
to ascertain if there is an eleetrical chcuit 
existing between conductors applied to 
the terminals of the instrument and, 
secondly, it , enables the user to read the 
resistance of the circuit under test. • The 
HTD circuit tester is recommended b;^ 
the maker for use in preference to 
magnetos and a-c. bell-ringing devices 
because of its aceiu?3X3y of Indications 
under all conditions an(^ its ligh^tness and • 
eompaetness ->^3 well.' - Rollor»Smitli 
Company, 12 Park PlacTs, Yo!.l. - 
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